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Introduction

Approximately 4–5% of lung cancers are driven by an 
oncogenic anaplastic lymphoma kinase (ALK) fusion event 
(1-4). Patients with ALK+ non-small cell lung cancer 
(NSCLC) often experience years of disease control with 
the current generation of ALK specific tyrosine kinase 
inhibitors (TKI) (5-7). However, even with these highly 

effective therapies, persistent disease remains and resistance 
to targeted therapy will eventually develop requiring a 
therapy change to an alternative TKI or a chemotherapy 
based regimen (8). In parallel to the development of more 
effective TKI therapy for patients with ALK+ NSCLC, 
immunotherapy through blockade of programmed cell 
death protein 1 (PD-1) or programmed cell death 1 ligand 
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1 (PD-L1) redefined the standard of care for most patients 
with lung cancer (8). For patients with early stage disease, 
immunotherapy can increase the chance at long term 
survival through neoadjuvant, adjuvant, or consolidative 
approaches (9-11). Remarkably, for patients with metastatic 
disease treated with an immunotherapy based regimen, 
long term survival is also a possibility for a subset of 
patients with a predefined duration of therapy (12-14). 
Currently, immunotherapy with PD-1 or PD-L1 based 
immunotherapy does not have a clear role in the treatment 
of patients with ALK+ NSCLC and novel approaches to 
augment the anti-tumor immune response in these patients 
is an area of unmet clinical need. 

This narrative review summarizes the preclinical 
and translational data that lead to initial enthusiasm for 
the clinical trials incorporating PD-1 or PD-L1 based 
immunotherapy into the treatment paradigm for patients 
with ALK+ NSCLC. Furthermore, this work highlights 
preclinical and translational data that identify ways in which 

the immune system recognizes ALK+ NSCLC and how 
the ALK+ NSCLC tumor microenvironment (TME) is 
altered with TKI initiation. Future clinical trials and novel 
immunotherapy approaches are discussed in the context 
of the current knowledge of the ALK+ NSCLC TME. 
I present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/rc)

Methods

Relevant literature for this narrative review was obtained 
via searches of online databases including PubMed and 
ClinicalTrials.gov. PubMed was queried using key word 
“anaplastic lymphoma kinase” or “ALK” and “lung cancer”, 
along with other terms as highlighted in Table 1 and  
Table 2. A search was conducted to include relevant 
publications from time to inception of the database to 
December 2022 and was restricted to publications in 

Table 1 The search strategy summary: PubMed

Items Specification

Date of search December 1, 2022

Databases and other sources searched PubMed

Search terms used Anaplastic lymphoma kinase/ALK AND lung cancer/NSCLC, AND/OR PD-1, 
immune system, immunotherapy, T cell, tumor microenvironment, TME

Timeframe All time

Inclusion and exclusion criteria Language: English

Selection process ELS conducted the literature search and data selection

ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; PD-1, programmed cell death protein 1, TME, tumor microenvironmen. 

Table 2 The search strategy summary: ClinicalTrials.gov

Items Specification

Date of search December 1, 2022

Databases and other sources searched ClinicalTrials.gov

Search terms used Condition or disease: Lung Cancer, Other terms: ALK

Timeframe/status Recruiting and not yet recruiting studies

Inclusion and exclusion criteria Study type: interventional

Selection process ELS conducted the literature search and trial selection

Any additional considerations, if applicable Trials were reviewed for the use or application of immune modulating or 
immunotherapy based approaches

ALK, anaplastic lymphoma kinase. 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/rc
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English. Additional eligible studies were identified through 
manual review and searching of the reference list of included 
studies. ClinicalTrials.gov was queried in December 2022 
using condition or disease: “Lung Cancer” and other 
terms “ALK”. Recruitment status was set to “not yet 
recruiting” or “recruiting” and study type as “interventional  
(clinical trial)”.

Preclinical data

ALK+ NSCLC expresses PD-L1

As data were emerging that PD-L1 expression associated 
with PD-1 immunotherapy response, initial investigations 
reported PD-L1 positivity in tumor specimens from patients 
with ALK+ NSCLC (Table 3). Using a semiquantitative 
immunohistochemistry (IHC) scoring method, moderate or 
high staining intensity of PD-L1 in ≥5% of tumor cells was 
considered positive, and 6 of 10 ALK+ NSCLC specimens 
were reported positive for PD-L1 (15). In a cohort of 19 
patients with ALK+ NSCLC, PD-L1 expression (≥5% 
staining of tumor cells of any intensity) was positive in 9 
patients prior to TKI therapy, and 5 of those patients had 
tumors with PD-L1 positivity in ≥50% of tumor cells (16). 
While early reports used a variety of methodologies and 
definitions of positivity, PD-L1 assessment by IHC with 
22C3, a companion diagnostic assay for pembrolizumab, 
found 5 of 9 tumor samples from patients with ALK+ 
NSCLC expressed PD-L1 and 2 samples demonstrated 
PD-L1 ≥50% (17,18). 

PD-L1 expression associates with oncogenic ALK fusion 
signaling

In a series of studies, ALK+ NSCLC PD-L1 expression 
was connected to the activation of multiple canonical 
signaling pathways downstream of oncogenic ALK 
fusions (19). Patient derived NSCLC cell lines bearing 
an ALK fusion were found to express PD-L1 at baseline 
and inhibition of the ALK fusion protein through RNA 
silencing or ALK-targeting TKIs downregulated PD-L1 
cell surface expression (20). Pharmacologic inhibition of 
the phosphoinositide 3-kinases (PI3K) pathway and the 
mitogen-activated protein kinases (MAPK) pathway through 
MEK inhibition resulted in decreased cell surface PD-L1 
expression, suggesting these pathways downstream of ALK 
fusion proteins regulate PD-L1 expression (20). Signaling 
through signal transducer and activator of transcription 
3 (STAT3) and hypoxia inducible factor 1α (HIF1α) were 
associated with PD-L1 expression in ALK+ NSCLC cell 
lines and, in tissue from patients with ALK+ NSCLC, 
expression of either hosphor-STAT3 or HIF1α by IHC 
associated with tumor PD-L1 expression (21). Inhibition 
of yes association protein (YAP) and transcriptional co-
activator with PDZ-binding motif (TAZ), components of 
the Hippo pathway, reduced ALK fusion driven PD-L1 
upregulation (22).

These observations from patient specimens and in vitro 
studies that ALK+ NSCLC expressed PD-L1 and was driven 
by oncogenic ALK fusion protein signaling strengthened 
the concept of ALK-mediated local immunosuppression 

Table 3 Selected studies of ALK+ NSCLC and PD-L1 expression

Total patient 
samples

PD-L1 detection 
method

Scoring method
Number of samples PD-L1 
positive

Reference

10 PD-L1 antibody 
ab58810 (Abcam)

Staining intensity: 0 negative or trace, 1 weak, 2 
moderate and 3 high. Positive samples contained a 
staining intensity ≥2 in more than 5% of tumor cells 

6 (15)

19 PD-L1 antibody (clone 
E1L3N, Cell Signaling 
Technology)

PD-L1 positivity: membranous ± cytoplasmic staining of 
tumor cells of any intensity using cutoffs of ≥1%, ≥5%, 
and ≥50% tumor cells

PD-L1 ≥5%: 9; PD-L1 
≥50%: 5

(1)

9 22C3 pharmDx assay 
(Agilent Technologies)

PD-L1 tumor proportion score was calculated as the 
percentage of at least 100 viable tumor cells with 
complete or partial membrane staining

PD-L1 TPS 1–49%: 3; PD-
L1 TPS ≥50%: 2

(16)

ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death 1 ligand 1; TPS, tumor proportion 
score.
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via PD-L1 expression. Experiments with ex vivo activated 
dendritic cells and autologous cytokine-induced killer 
cells (DC-CIK) showed increased ALK+ NSCLC cell line 
sensitivity to cell-mediated cytotoxicity when cell lines were 
cultured in the presence of DC-CIK and anti-PD-1 (23). In 
total, these results supported the rationale for incorporating 
immunotherapy into the treatment paradigm for patients 
with ALK+ NSCLC. 

Clinical trial data

Single agent immunotherapy in ALK+ NSCLC

Early studies that established the role of PD-1 or PD-L1 
immunotherapy in subsequent line settings for metastatic 
NSCLC included patients with ALK+ NSCLC. In each 
of these prospective randomized studies, immunotherapy, 
whether nivolumab (CheckMate 057), pembrolizumab 
(KEYNOTE-010), or atezolizumab (POPLAR and OAK), 
demonstrated superior overall survival (OS) compared to 
docetaxel in the intention to treat population (24-27). Only 
CheckMate 057 and KEYNOTE-010 enrolled patients 
with ALK+ NSCLC into both the immunotherapy arm and 
docetaxel arm while the studies with atezolizumab did not 
(24-27). Due to the small number of patients with ALK+ 
NSCLC enrolled onto the CheckMate and KEYNOTE 
studies, subgroup analyses for ALK+ NSLC were not 
reported. However, initial clues to the level of efficacy were 
found in the subgroup of patients with NSCLC bearing 
epidermal growth factor receptor (EGFR) mutation. Unlike 
the overall trial population, patients with EGFR+ NSCLC 
did not experience benefit with either nivolumab (OS HR 
1.18, 95% CI: 0.69–2.00), pembrolizumab (OS HR 0.88, 
95% CI: 0.45–1.70) or atezolizumab (OS HR 1.24, 95% CI: 
0.71–2.18) in the subsequent line setting (24,25,27).

Single arm and retrospective studies further reinforced 
the limited efficacy of single agent PD-1 or PD-L1 
inhibition in ALK+ NSCLC. The ATLANTIC trial 
was a single arm, phase 2 study testing durvalumab in 
the third line or later setting for metastatic NSCLC, 
including patients with ALK+ NSCLC (28). None of the 
11 evaluable patients with ALK+ NSCLC experienced a 
confirmed disease response (28). A retrospective review 
from a single institution in the United States identified 6 
patients with ALK+ NSCLC who received PD-1 or PD-L1 
immunotherapy and none were found to have a radiographic 
response (16). Similarly, a combined report from an 
institution in the United States and in China included 13 

patients with ALK+ NSCLC who received PD-1 or PD-
L1 immunotherapy, and none of the patients demonstrated 
a radiographic response (29). The international, multi-
institution IMMUNOTARGET registry assessed the 
response of oncogene-driven lung cancer to PD-1 or PD-
L1 immunotherapy and included 23 patients with ALK+ 
NSCLC (30). In the 19 patients with ALK+ NSCLC 
and available response data, none experienced disease  
response (30). A retrospective review of 14 patients 
with ALK+ NSCLC treated in South Korea reported 2 
patients with partial responses to pembrolizumab, one for  
8.2 months and the other with an ongoing response at  
4.1 months (31). In a cohort of 8 patients with ALK+ 
NSCLC at institutions across France, 2 patients experienced 
a partial response to PD-1 or PD-L1 immunotherapy (32). 
With longitudinal electronic health record data from 
hundreds of cancer clinics within the United States, 
investigators identified 83 patients with ALK+ NSCLC 
who received PD-1 or PD-L1 immunotherapy (33). In this 
cohort, the median time to progression was 2.34 months 
(95% CI: 1.55–3.09) (33). 

Two case reports describe patients with ALK+ NSCLC 
who experienced disease response on PD-1 immunotherapy 
after exhausting available TKI options. After 2 TKIs and 
platinum doublet chemotherapy, a patient with an ALK 
G1202R mutation identified by next generation sequencing 
(NGS) received pembrolizumab and experienced a partial 
response through 9 cycles (34). A second patient with 
ALK+ NSCLC, received ceritinib then a platinum doublet 
and bevacizumab prior to progression (35). NSG of a 
progressive lesion found an ALK rearrangement and no 
apparent resistance mechanisms. The patient received 
3rd line nivolumab and a complete response was noted on 
imaging for approximately 16 months (35). 

Taken together, of the 73 patients with ALK+ NSCLC 
who received PD-1 or PD-L1 immunotherapy reported in 
the literature, only 6 experienced disease response, for an 
overall response rate of 8%. 

Immunotherapy plus TKI in ALK+ NSCLC

Prior to the readout of several early phase clinical trials, the 
combination of TKI and immunotherapy was a promising 
avenue for patients with ALK+ NSCLC. With the non-
overlapping mechanisms of actions, these therapies had 
the potential to increase responsiveness to TKI and, given 
overall tolerability of both therapies, the hope was additive 
toxicities would be limited. Unfortunately, neither of these 
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assumptions held. 
The combination of crizotinib and nivolumab was tested 

in CheckMate 370 and stopped early due to severe adverse 
events (36). Thirteen patients with ALK+ NSCLC starting 
first line crizotinib were enrolled, and 5 experienced grade 
≥3 hepatic toxicities (36). Two patients died within months 
of starting the combination therapy with acute hepatic 
toxicities as part of their presentation prior to death (36) 
A partial response was observed in 38% of patients, a rate 
markedly less than what would be expected with crizotinib 
in the first line setting (37). Nivolumab and ceritinib in 
the first line and the subsequent line setting resulted in a 
69% and a 35% response rate, respectively, both similar 
to expectations of ceritinib monotherapy (38-40). Six dose 
limiting toxicities (DLTs) were due to gastrointestinal adverse 
events including pancreatitis, autoimmune hepatitis, elevated 
lipase, and elevated transaminase (38). Gastrointestinal 
toxicities were the main DLTs observed in the combination 
of crizotinib and pembrolizumab (41). Nine treatment-
naïve patients with ALK+ NSCLC were enrolled and 4 
experienced a DLT including a pembrolizumab related 
pneumonitis that contributed to a patient’s death (41). Five 
patients experienced a disease response, but due to toxicity 
the study was terminated early (41). 

Ipilimumab, an immunotherapy that blocks cytotoxic 
T-lymphocyte-associated protein 4, was tested in patients 
with EGFR+ or ALK+ NSCLC CTLA-4 who were on 
stable dose of oncogene-targeting TKI (42). Three patients 
with ALK+ NSCLC receiving crizotinib were enrolled 
on the trial and one developed grade 3 hypophysitis and 
another patient experienced grade 2 pneumonitis (42). The 
trial was stopped early due to toxicities in observed in both 
patient cohorts and response rate was not reported (42). 

Based on a limited number of observations later 
generations of ALK-directed TKIs appeared to have less 
toxicity when combined with immunotherapy but no clear 
signal of improved efficacy. JAVELIN Lung 101 combined 
avelumab with lorlatinib in 28 patients with previously 
treated ALK+ NSCLC (43). No DLTs occurred, grade 
≥3 gamma-glutamyl transferase elevation was observed 
in 2 patients, and response rate was 46.4% in line with 
expectations for subsequent line lorlatinib alone (43,44). 
Twenty-one treatment naive patients with ALK+ NSCLC 
received alectinib alone for 7 days and then started 
atezolizumab (45). No DLTs or grade 4 or 5 adverse events 
were reported (45). Response was observed in 81% of 
patients, similar to first line alectinib monotherapy (46). 

Immunotherapy plus chemotherapy in metastatic ALK+ 
NSCLC

Immunotherapy plus chemotherapy is the standard of care 
for most patients with metastatic NSCLC (8). For most 
of the clinical trials that established these options, patients 
with ALK+ NSCLC were excluded. Two trials testing the 
incorporation of atezolizumab into chemotherapy with or 
without bevacizumab allowed enrollment of patients with 
EGFR+ or ALK+ NSCLC after progression or intolerance 
to at least 1 TkI.

IMpower130 compared the combination of carboplatin 
plus nab-paclitaxel with and without atezolizumab (47). 
IMpower150 tested atezolizumab plus carboplatin plus 
paclitaxel (ACP), bevacizumab plus carboplatin plus 
paclitaxel (BCP), or atezolizumab plus BCP (ABCP) (48). 
Both trials met their primary endpoint of improved OS with 
the incorporation of atezolizumab to either carboplatin plus 
nab-paclitaxel or BCP. IMpower130 enrolled 32 patients 
with EGFR+ or ALK+ NSCLC onto the atezolizumab 
+ chemotherapy arm and 12 onto the chemotherapy 
alone arm. No benefit in OS or progression free survival 
(PFS) was observed in this subgroup analysis (47). On 
IMpower150, 44 patients with EGFR+ or ALK+ NSCLC 
received ABCP and 64 received BCP (48). Subgroup 
analysis of patients with EGFR+ or ALK+ NSCLC was 
positive for PFS (HR 0.59; 95% CI: 0.37–0.94) and OS (HR 
0.61; 95% CI: 0.52–0.72) for patients treated with ABCP 
vs. BCP (48). Whether this improvement in overall survival 
is biologically relevant or due to a small sample size that is 
unbalanced remains unclear. 

Curative intent immunotherapy in early stage ALK+ 
NSCLC
As immunotherapy moved to earlier stages of NSCLC, 
patients with EGFR+ or ALK+ NSCLC were variably 
included. The PACIFIC trial demonstrated that 1 year of 
durvalumab consolidation after concurrent chemoradiation 
significantly improved PFS and OS for patients with locally 
advanced, unresectable NSCLC (49,50). Eight patients 
with ALK+ NSCLC were enrolled onto the trial and were 
grouped with 27 patients with EGFR+ NSCLC for outcome 
analyses (11). No difference in OS was observed in the 
EGFR+ or ALK+ NSCLC subgroup comparing durvalumab 
consolidation to placebo (HR 0.85, 0.37–1.97) (11). Adjuvant 
atezolizumab after chemotherapy is standard of care for 
patients with resected NSCLC with PD-L1 ≥1% based on 
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the IMpower010 trial (10). Patients with ALK+ NSCLC 
were allowed to enroll and 12 were randomized to the 
immunotherapy arm and 11 received best supportive  
care (10). No disease free survival benefit was observed 
with adjuvant atezolizumab in patients with ALK+ NSCLC 
(HR 1.05; 95% CI: 0.32–3.45) (10). Patients with ALK+ 
NSCLC were excluded from CheckMate 816, a phase 
3 clinical trial that demonstrated improved event free 
survival with neoadjuvant nivolumab plus platinum doublet 
chemotherapy compared to chemotherapy alone (9).

The available clinical trial and retrospective data suggest 
that the clinically available immunotherapies for lung 
cancer have limited to no role in the treatment of patients 
with ALK+ NSCLC. While some may broadly interpret 
this body of knowledge to suggest the immune system has 
no role in the control of ALK+ NSCLC, an alternative 
hypothesis is that the optimal immunotherapy intervention 
for patients with ALK+ NSCLC lies beyond PD-1 or PD-
L1. A growing body of literature suggests the immune 
system does interface with ALK+ NSCLC and response to 
TKI therapy. 

The ALK+ NSCLC interface with the immune 
system

Wild type ALK protein expression is primarily within the 
nervous system and through various knockout models, 
including mice, it is believed to contribute to embryonic 
neural development, neurogenesis, and behavioral 
regulation (51-55). Studies of ALK protein expression in 
human tissue have demonstrated high levels of expression 
within structures of the brain with low levels of expression 
in the testis and colon (56-58). Based on the likely limited 
exposure of the wild type ALK protein to the immune 
system due to its developmental localization within the 
nervous system, oncogenic ALK fusions may be antigenic to 
the immune system.

Immune system recognition of ALK+ NSCLC

Translational studies from patients with ALK+ malignancies 
suggest an adaptive immune response can be generated 
de novo against oncogenic ALK fusions. The presence of 
antibodies against oncogenic ALK fusions was tested for 
in 21 patients with metastatic ALK+ NSCLC (59). At the 
time of testing, two patients were treatment naïve, one was 
receiving pemetrexed chemotherapy, and 18 were on an 
ALK-targeting TKI (59). Thirteen of these patients were 

positive for anti-ALK fusion antibodies and, in comparison 
none of the 20 healthy controls had detectable anti-ALK 
fusion antibodies (59). In a series of 53 patients with 
metastatic ALK+ NSCLC, 9 patients were positive for a 
high level of anti-ALK antibodies when compared to 38 
patients with ALK negative NSCLC (60). In the 9 patients 
with high anti-ALK antibodies, epitope mapping revealed 
antibody recognition predominantly in the cytoplasmic 
domain (60). 

T cell responses have been observed in animal models 
of ALK+ NSCLC. In an orthotopic mouse model of 
ALK+ NSCLC, animals vaccinated with a DNA plasmid 
coding for the intracytoplasmic domain on ALK developed 
significantly fewer tumor nodules compared to animals 
that received a control vaccination (61). This vaccine 
strategy also decreased tumor out growth and increased 
survival in animals transgenic for ALK under the control 
of the lung specific surfactant protein promoter (61). 
In both the orthotopic and transgenic models of ALK+ 
NSCLC, the ALK vaccine generated ALK specific T cell  
immunity (61). In the ALK transgenic animals, and tumor 
control associated with increased numbers of CD8+ T cells 
within the tumors and was dependent on the presence of 
CD8+ T cells (61). In patients with anaplastic large cell 
lymphomas, CD8+ and CD4+ T cell responses have been 
detected against peptides derived from oncogenic ALK 
fusions, though these have not yet been reported in patients 
with ALK+ NSCLC (62-67). 

The ALK+ NSCLC TME

While data suggest the oncogenic ALK fusion in ALK+ 
NSCLC can be immunogenic, studies of the ALK+ TME 
have revealed an immunologically cold TME. In a cohort 
of 6 patients with ALK+ NSCLC, IHC for CD3+, CD4+, 
and CD8+ cells revealed significantly reduced levels of 
T cells within the ALK+ TME compared to the EGFR+ 
NSCLC TME (61). Gene set enrichment analysis of a 
publically available data set of resected, early stage NSCLC 
that included 11 patients with ALK+ NSCLC, 127 with 
EGFR+ NSCLC, and 20 with Kristen rat sarcoma virus 
(KRAS) mutation positive NSCLC, demonstrated that 
the transcriptional profile of the ALK+ NSCLC TME 
contained fewer T cell related transcripts compared to the 
other patient cohorts (61,68). In 13 treatment naïve patients 
with ALK+ NSCLC, 10 of the ALK+ TME were found 
to have negative to low infiltration of CD8+ cells and 3 
contained a moderate level of infiltration by IHC (16). In a 
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separate cohort, 9 patients with crizotinib resistant ALK+ 
NSCLC all were found to have negative to low infiltration 
of CD8+ cells (16).

Within the TME of ALK+ NSCLC, infiltrating immune 
cells are reported to vary across studies but in general, 
exhibit reduced levels of activity. Gene set enrichment 
analysis of bulk RNA sequencing from 14 patients with 
ALK+ NSCLC revealed a diminished interferon-γ-related 
response signature when compared to ALK− NSCLC (31). 
In 25 treatment naïve ALK+ NSCLC patients, CD8+ T 
cell infiltration was noted within the tumor compartment 
and stroma at levels equivalent to or moderately reduced 
when compared to controls, respectively (69). A major 
difference was noted in levels of interferon-γ transcript 
within the CD8+ T cells where control tumors contained 
CD8+ T cells that were positive for interferon-γ mRNA, 
but in ALK+ NSCLC CD8+ T cells were negative for 
interferon-γ mRNA suggesting an ineffective effector T cell 
response (69). In comparison to KRAS mutation positive 
NSCLC, IHC of tumor specimens from 39 patients with 
ALK+ NSCLC demonstrated fewer infiltrating CD3+ and 
CD8+ cells and reduced levels of granzyme B, which may 
suggest reduced T cell activity but could reflect reduced 
T cell numbers overall (70). Comparative mRNA studies 
of 31 samples from ALK+ NSCLC patients who were 
treatment naïve found an increase in T regulatory (Treg) 
cells within the ALK+ NSCLC TME compared to patients 
with EGFR+ NSCLC or patients with ALK− and EGFR− 
NSCLC (71). However, this difference in Treg cells was 
not seen by IHC in a cohort of 39 patients with ALK+ 
NSCLC (70). Within the cohort of 39 patients with ALK+ 
NSCLC, CD8+ T cell expression of checkpoints PD-
1, CTLA-4, lymphocyte activating gene 3 (Lag3), T cell 
immunoglobulin and mucin domain-containing protein 3 
(TIM-3) by IHC was markedly reduced (70). This suggests 
infiltrating CD8+ T cells were unable to engage with 
potential tumor antigens as T cell checkpoint expression is 
upregulated by T cell activation (72). 

Turning the ALK+ NSCLC from cold to hot: a new benefit 
from an old friend?

A major theme of current cancer drug development, in 
general, is to increase T cell infiltration and activation 
within the TME as T cells are key to tumor control and 
clearance (73). One route is to induce immunogenic cell 
death (ICD) within the cancer cell to activate the adaptive 
immune system. ICD results in the heightened recognition 

of cancer cells by innate immune cells such as dendritic 
cells and macrophages and promotes their differentiation 
into activated phenotypes which can recruit and stimulate 
a T cell response (74). Crizotinib was found to induce 
multiple markers of ICD in H2228, a patient-derived ALK+ 
NSCLC cell line (75). Ceritinib induced ICD in H3122, a 
patient derived ALK+ NSCLC cell line, via pyroptosis (76). 
The induction of ICD by TKI may alter the TME in ALK+ 
NSCLC to a more immunologically active environment 
and several lines of evidence from patient data and mouse 
models support this.

The first patient level data was generated by the phase 
Ib clinical trial of alectinib plus atezolizumab on which 
treatment naïve ALK+ NSCLC patients received 7 days 
of alectinib prior to atezolizumab (45). On treatment 
biopsies were obtained for 9 patients after the alectinib 
run in and before the initiation of atezolizumab. When 
compared to pre-treatment biopsies, an increase in CD8+ T 
cell infiltration was observed in 7 out of 9 patient samples 
by IHC (45). Bulk RNA sequencing was performed on 
pre-treatment tissue samples and samples at time of 
response or progression on TKI from 8 patients with 
ALK+ NSCLC in addition to 23 patients with EGFR+ 
NSCLC (77). In response to TKI treatment, significant 
upregulation was noted in genes supporting T cell 
activation and differentiation in both patient cohorts (77). 
Using bioinformatics approaches to deconvolute the data 
and identify immune cell subsets, findings from the ALK 
samples showed an increase in TME immune score with 
TKI treatment and an increase in cytotoxic cells which 
comprises CD8+ T cells, gamma-delta T cells and natural 
killer (NK) cells within the TME (77). Similarly, single 
cell RNA sequencing and multispectral tissue imaging 
demonstrated an increase in TME T cell infiltration a few 
weeks after TKI initiation in a cohort of 30 patients starting 
TKI, including 10 patients with ALK+ NSCLC (78). 

In two different animal models of ALK+ NSCLC, 
parallels have emerged with the patient data. Mice 
transgenic for an EML4-ALK fusion under a lung specific 
promoter were treated with ceritinib until progression 
on imaging (79). Flow cytometry on progressing tumors 
revealed an increase in Treg cells, a cell population that was 
increased at time of progression in patients receiving a range 
of TKIs (78,79). A significant influx of CD3+CD8+ cells was 
found 4 days after TKI initiation in an orthotopic model of 
EML4-ALK+ NSCLC that experiences complete response 
to TKI (80). In contrast, a distinct orthotopic model that 
only experiences a partial response to TKI showed a limited 
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increase in CD3+CD8+ cell TME infiltration (80). For both 
orthotopic models, response to TKI was dependent on a 
functional adaptive immune system, as tumor control on 
TKI occurred for a limited time and was not durable in 
nude mice (80). 

Taken together, these data from patients with ALK+ 
NSCLC and murine models suggests T cell TME 
infiltration occurs with TKI initiation and may influence 
response to TKI. While some patients with ALK+ NSCLC 
experience a robust, long-term response to TKI therapy, 
there is heterogeneity across patients with ALK+ NSCLC 
in the depth and duration of response to therapy. One 
possibility is that the immune composition of the TME, 
shaped by both the cancer and its response to TKI, can 
influence the heterogeneity of these outcomes. Beyond 
the immediate focus on the T cell compartment, innate 
immune cells within the TME can impact not only T 
cell activation but also may have direct interactions with 
ALK+ NSCLC. Macrophage conditioned media imparted 
alectinib resistance through MET bypass signaling in an 
in vitro model system with EML4-ALK+ NSCLC cells 
derived from murine models (81). Furthermore, H3122 
xenografts demonstrated improved control with crizotinib 
when animals were also treated with clodronate, an agent 
that broadly depletes macrophages (81). CD47 is a widely 
expressed cell surface molecule that prevents target cell 
phagocytosis by innate immune cells through its interaction 
with signal regulatory protein alpha (SIRPα) and CD47 
has been found to be overexpressed in many cancer 
types, including lung cancer (82). In vitro establishment 
of alectinib resistant H2228 was found to generate two 
distinct cell populations based on CD47 expression (83). 
Establishment of the CD47HiH2228 or CD47LoH2228 in 
nude mice revealed the significant tumorgenicity of the 
CD47Hi subpopulation and marked outgrowth (82). Anti-
CD47 therapy improved the degree of tumor control with 
TKI in an immunodeficient mouse model (84). In a separate 
study, animals bearing H3122 tumors were treated with 
lorlatinib, anti-CD47 or the combination (84). Animals 
that received combination therapy experienced the most 
pronounced tumor shrinkage and duration of response (84). 

Clinical trials and future approaches 
incorporating immunotherapy for ALK+ NSCLC 

Current trials

Following up on the efficacy signal from IMpower150, 
several clinical trials are underway to test whether the 

incorporation of PD-1 or PD-L1 directed immunotherapy 
into chemotherapy with and without anti-angiogenic 
therapy is beneficial for patients with ALK+ NSCLC after 
progressing on TKI (Table 4). 

One randomized phase III trial and one large phase II 
study are recruiting patients with ALK+ NSCLC to test 
atezolizumab in combination with a platinum doublet 
with or without bevacizumab in the setting of TKI 
progression (85,86). A small phase II study anticipated 
to enroll will evaluate pembrolizumab with bevacizumab 
and chemotherapy in patients with ALK+ NSCLC after 
progression on first line alectinib (87). A fourth study 
is planned using camrelizumab, a PD-1 inhibitor, with 
apatinib, a small molecule inhibitor of vascular endothelial 
growth factor receptor 2, in combination with carboplatin 
and pemetrexed (88).

Adoptive cell therapy with tumor infiltrating lymphocytes 
(TILs) represents a new avenue for immunotherapy in 
solid malignancies, including lung cancer. In a phase I 
clinical trial of TILs given with nivolumab in patients 
with metastatic NSCLC, 3 patients who received TILs 
and nivolumab experienced disease response, including a 
complete response in a patient with EGFR+ NSCLC who 
progressed on osimertinib (89). CD8+ and CD4+ TILs 
generated from the patient with an EGFR+ NSCLC were 
found to be reactive to multiple epitopes from several 
cancer testis antigens and one somatic mutation (89). 
This patient had limited positivity for established and 
experimental biomarkers of immunotherapy response. 
Tumor PD-L1 was 2% and estimates of the patient’s tumor 
mutational burden were low based on commercial testing 
and whole exome sequencing (89). A large, multi-cohort 
phase II trial is ongoing evaluating TIL therapy with and 
without checkpoint immunotherapy, including cohorts 
that allow the enrollment of patients with ALK+ NSCLC  
(Table 4) (90). Other adoptive cell therapies under 
investigation include autologous NK cell therapy in 
combination with chemotherapy with and without 
cetuximab (91). This phase I/IIa study is only enrolling 
patients with lung cancer post-TKI progression, including 
ALK+ NSCLC (91). 

Future directions

While the current clinically available checkpoint inhibitor 
immunotherapies have yet to find a clear place in the 
treatment paradigm for patients with ALK+ NSCLC, other 
immune modulating approaches may better support TKI-
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Table 4 Select current clinical trials for ALK+ NSCLC incorporating immunotherapy

Regimen Study design NCT number Primary outcome Estimated completion date

Carboplatin + pemetrexed + 
atezolizumab + bevacizumab 
vs. Carboplatin + pemetrexed + 
atezolizumab

Non-randomized phase II NCT04042558 ORR June 2024

Carboplatin + pemetrexed + 
atezolizumab + bevacizumab
vs. carboplatin + pemetrexed

Randomized phase III NCT03991403 PFS December 2022

Pembrolizumab + chemotherapy + 
bevacizumab

Single arm phase II NCT05266846 PFS February 2024 

Camrelizumab + apatinib meylate + 
pemetrexed + carboplatin

Single arm phase II NCT04425135 ORR January 2025 

Autologous TIL (LN-145) +/− 
pembrolizumab

Phase II NCT03645928 ORR, TEAE December 2024 

SNK01 (Super Natural Killer Cells 
01) + gemcitabine + carboplatin +/− 
cetuximab

Phase I/IIa NCT04872634 MTD, AE May 2023

ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; NCT, national clinical trials; ORR, overall response rate; PFS, 
progression free survival; TEAE, treatment emergent adverse event; MTD, maximum tolerated dose; AE, adverse event. 

mediated tumor clearance and the endogenous immune 
response against ALK+ NSCLC (Figure 1). Recent advances 
in the engineering of cytokines have generated second-
generation compounds that better enhance adaptive 
immune responses (92). Modified versions of IL-2, a major 
driver of T cell response, are able to bind with high affinity 
to effector T cells and are unable to interact with the IL-2 
receptor present on Treg cells (92). Modified IL-2 may 
promote the acquisition of effector functions of T cells 
already present in the ALK+ NSCLC TME while avoiding 
driving proliferation and function of Treg cells that have also 
been identified in the ALK+ NSCLC TME (16,45,61,68-
71,77,78). A phase I study of modified IL-2 plus nivolumab, 
including 5 patients with treatment-naïve, metastatic 
NSCLC, showed an increase in TME CD8+ T cells on 
treatment and no increase in Treg cells (93). 

Oncolytic virus therapy is another potential tool to 
augment the immunogenicity of ALK+ NSCLC. These 
viral agents selective replicate within tumor cells causing 
immunogenic cell death (94). Notably, these viral agents 
can readily be modified to express cytokines or chemokines 
to improve antitumor efficacy (94). This strategy is already 
clinically available for patients with melanoma who can 
receive intralesional talimogene laherperepvec (T-VEC), 
a modified herpes virus that also expresses granulocyte 
macrophage colony-stimulating factor to recruit and 

activate antigen presenting cells (95). Translational studies 
demonstrated lesions injected with T-VEC contained more 
tumor antigen specific T cells with a decrease in Treg and 
myeloid derived suppressor cells (96). While intralesional 
injections may be possible at time of maximal response on 
an ALK-targeting TKI, or at time of oligoprogression, 
systemic delivery of oncolytic virus therapy through 
intravenous infusion remains an attractive but elusive  
goal (94). 

Finally, while the majority of immune modulating 
therapies are directed towards T cells, a new generation 
of immunotherapies for cancer targeting innate immune 
cells is starting to emerge (97). Macrophages, mononuclear 
phagocytes which can occupy functional states ranging from 
pro-immunogenic to pro-tumorigenic, can recognize and 
phagocytose cancer cells, influence cancer cell response 
to therapy, TME features including T cell infiltration and 
metabolic niche, and the tumor metastatic potential (97). 
The function of cancer cell recognition and phagocytosis 
by macrophages is, in part, influenced by the expression 
of CD47 on the cancer cells, which has been shown to 
be overexpressed in NSCLC (98). Clinical development 
of anti-CD47 and anti- SIRPα therapies, alone and in 
combination approaches, is furthest along in hematological 
malignancies (99). Data from early phase clinical trials 
suggests monotherapy has limited efficacy with more 
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response observed when used in combination (99). To 
date, the adverse event profile of therapies targeting the 
CD47/SIRPα axis does not include immune related adverse 
events classically associated with PD-1/PD-L1/CTLA-
4 checkpoint inhibition (99,100). Based on clinical and 
preclinical data, this suggests the potential of an ALK-
targeting TKI in combination with CD47/SIRPα axis 
directed therapies as an immunotherapy approach for ALK+ 
NSCLC.

Conclusions

The promise of immunotherapy has yet to reach patients 
with ALK+ NSCLC. Based on pre-clinical and translational 
data, the immune system in patients with ALK+ NSCLC 
recognizes and has a degree of interface with the cancer 
cells. While this interface has not yet been augmented 
by the current clinically available immune checkpoint 
inhibitors, promise remains beyond the PD-1/PD-L1 axis. 
Future efforts to identify effective immune modulating 
therapies for ALK+ NSCLC will  require a better 
understanding of how TKI therapy alters the immune 
recognition of ALK+ NSCLC, how residual disease avoids 

immune detection, and which infiltrating immune cells are 
key to improving TKI response and patient outcomes. 

Acknowledgments

Funding: ELS is supported by LUNGevity Career 
Development Award #25B1267, 2022 Hamoui Foundation/
LUNGevity Clinic Research Award Program for RET-
positive Lung Cancer, and NCI R01CA254730-01. 

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editors (Jessica J. Lin and Justin F. Gainor) for 
the series “ALK-Positive NSCLC” published in Translational 
Lung Cancer Research. The article has undergone external 
peer review.

Reporting Checklist: The author has completed the Narrative 
Review reporting checklist. Available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-22-883/rc

Peer Review File: Available at https://tlcr.amegroups.com/

Figure 1 Future immune based approaches to augment the tyrosine kinase inhibitor response in ALK+ NSCLC. Schematic diagram of tyrosine 
kinase inhibitor mediated ALK+ NSCLC cell death and changes to the T cell content of the tumor microenvironment. Potential strategies 
to amplify the immune response to ALK+ NSCLC cell death include adoptive cell therapy with NK cells or tumor infiltrating lymphocyte 
therapy, modified cytokines that preferentially target effector cells, oncolytic virus therapy to increase tumor cell death and inflammatory milieu 
within the tumor microenvironment, and novel immune checkpoints that enhance innate immune cell recognition of ALK+ NSCLC cells. 
ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; NK, natural killer; TILs, tumor infiltrating lymphocytes.

ALK+ NSCLC

NK Cells

ALK+ NSCLC

Dying ALK+ NSCLC

Macrophage

T cell

NK cell

Modified cytokine

Oncolytic VirusCD47-SIRPα

Modified
Cytokines

TILs

Oncolytic
Virotherapy

CD47/SIRPα 
Axis Blockade

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/prf


Schenk. Immunotherapy in ALK+ lung cancer332

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(2):322-336 | https://dx.doi.org/10.21037/tlcr-22-883

article/view/10.21037/tlcr-22-883/prf

Conflicts of Interest: The author has completed the ICMJE 
uniform disclosure form (https://tlcr.amegroups.com/
article/view/10.21037/tlcr-22-883/coif). The series “ALK-
Positive NSCLC” was commissioned by the editorial office 
without any funding or sponsorship. ELS reports speaker 
fees from OncLive, Physicians’ Education Resource, 
Takeda, Roche/Genetech, IDEO Oncology, Sanofi/
Regeneron, MJH Life Sciences, consultant fees from 
Actinium, Bionest Partners, ExpertConnect, FCB Health, 
Guidepoint Network, the KOL Connection Ltd., Prescient 
Advisory, served on an advisory board for Regeneron, 
Janssen, and G1 therapeutics. The author has no other 
conflicts of interest to declare. 

Ethical Statement: The author is accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Gainor JF, Varghese AM, Ou SH, et al. ALK 
rearrangements are mutually exclusive with mutations in 
EGFR or KRAS: an analysis of 1,683 patients with non-
small cell lung cancer. Clin Cancer Res 2013;19:4273-81.

2. Hong S, Fang W, Hu Z, et al. A large-scale cross-sectional 
study of ALK rearrangements and EGFR mutations in 
non-small-cell lung cancer in Chinese Han population. Sci 
Rep 2014;4:7268.

3. Jordan EJ, Kim HR, Arcila ME, et al. Prospective 
Comprehensive Molecular Characterization of Lung 
Adenocarcinomas for Efficient Patient Matching to 
Approved and Emerging Therapies. Cancer Discov 
2017;7:596-609.

4. Jazieh AR, Gaafar R, Errihani H, et al. Real-World Data 
on the Prevalence of Anaplastic Lymphoma Kinase-

Positive Non-Small-Cell Lung Cancer in the Middle East 
and North Africa. JCO Glob Oncol 2021;7:1556-63. 

5. Mok T, Camidge DR, Gadgeel SM, et al. Updated 
overall survival and final progression-free survival data 
for patients with treatment-naive advanced ALK-positive 
non-small-cell lung cancer in the ALEX study. Ann Oncol 
2020;31:1056-64. 

6. Camidge DR, Kim HR, Ahn MJ, et al. Brigatinib Versus 
Crizotinib in ALK InhibINaive Advanced ALK-Positive 
NSCLC: Final Results of Phase 3 ALTA-1L Trial. J 
Thorac Oncol 2021;16:2091-108.

7. Benjamin Solomon TB, Tony Mok, Geoffrey Liu, et al. 
CT223–/ 2 - Updated efficacy and safety from the phase 
3 CROWN study of first-line lorlatinib vs crizotinib in 
advanced anaplastic lymphoma kinase (ALK)-positive non-
small cell lung cancer (NSCLC). Proceedings of the 113th 
Annual Meeting of the American Association for Cancer 
Research; 2022 April 8-13; New Orleans LA.2022.

8. Network NCC. Non-Small Cell Lung Cancer (Version 
3.2022). Accessed July 14 2022.

9. Forde PM, Spicer J, Lu S, et al. Neoadjuvant Nivolumab 
plus Chemotherapy in Resectable Lung Cancer. N Engl J 
Med 2022;386:1973-85.

10. Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab 
after adjuvant chemotherapy in resected stage IB-
IIIA non-small-cell lung cancer (IMpower010): a 
randomised, multicentre, open-label, phase 3 trial. Lancet 
2021;398:1344-57.

11. Spigel DR, Faivre-Finn C, Gray JE, et al. Five-Year 
Survival Outcomes From the PACIFIC Trial: Durvalumab 
After Chemoradiotherapy in Stage III Non-Small-Cell 
Lung Cancer. J Clin Oncol 2022;40:1301-11.

12. Reck M, Rodríguez-Abreu D, Robinson AG, et al. 
Five-Year Outcomes With Pembrolizumab Versus 
Chemotherapy for Metastatic Non-Small-Cell Lung 
Cancer With PD-L1 Tumor Proportion Score ≥ 50. J Clin 
Oncol 2021;39:2339-49.

13. M.C. Garassino SMG, G. Speranza, E. Felip, et al. 
Rodriguez Abreu. 9–3MO - KEYNOTE-189 5-year 
update: First-line pembrolizumab (pembro) + pemetrexed 
(pem) and platinum vs placebo (pbo) + pem and platinum 
for metastatic nonsquamous NSCLC. European Society of 
Medical Oncology Congress; Paris, France2022.

14. Novello S, Kowalski DM, Luft A, et al. Pembrolizumab 
Plus Chemotherapy in Squamous Non-Small-Cell Lung 
Cancer: 5-Year Update of the Phase III KEYNOTE-407 
Study. J Clin Oncol 2023:JCO2201990.

15. D'Incecco A, Andreozzi M, Ludovini V, et al. PD-1 and 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/prf
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/coif
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-883/coif


Translational Lung Cancer Research, Vol 12, No 2 February 2023 333

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(2):322-336 | https://dx.doi.org/10.21037/tlcr-22-883

PD-L1 expression in molecularly selected non-small-cell 
lung cancer patients. Br J Cancer 2015;112:95-102. 

16. Gainor JF, Shaw AT, Sequist LV, et al. EGFR Mutations 
and ALK Rearrangements Are Associated with Low 
Response Rates to PD-1 Pathway Blockade in Non-Small 
Cell Lung Cancer: A Retrospective Analysis. Clin Cancer 
Res 2016;22:4585-93.

17. Hirsch FR, McElhinny A, Stanforth D, et al. PD-
L1 Immunohistochemistry Assays for Lung Cancer: 
Results from Phase 1 of the Blueprint PD-L1 IHC Assay 
Comparison Project. J Thorac Oncol 2017;12:208-22.

18. Yoneshima Y, Ijichi K, Anai S, et al. PD-L1 expression in 
lung adenocarcinoma harboring EGFR mutations or ALK 
rearrangements. Lung Cancer 2018;118:36-40.

19. Sanchez-Vega F, Mina M, Armenia J, et al. Oncogenic 
Signaling Pathways in The Cancer Genome Atlas. Cell 
2018;173:321-337.e10.

20. Ota K, Azuma K, Kawahara A, et al. Induction of PD-
L1 Expression by the EML4-ALK Oncoprotein and 
Downstream Signaling Pathways in Non-Small Cell Lung 
Cancer. Clin Cancer Res 2015;21:4014-21. 

21. Koh J, Jang JY, Keam B, et al. EML4-ALK enhances 
programmed cell death-ligand 1 expression in pulmonary 
adenocarcinoma via hypoxia-inducible factor (HIF)-1α and 
STAT3. Oncoimmunology 2015;5:e1108514.

22. Nouri K, Azad T, Lightbody E, et al. A kinome-wide 
screen using a NanoLuc LATS luminescent biosensor 
identifies ALK as a novel regulator of the Hippo 
pathway in tumorigenesis and immune evasion. FASEB J 
2019;33:12487-99.

23. Hong S, Chen N, Fang W, et al. Upregulation of PD-
L1 by EML4-ALK fusion protein mediates the immune 
escape in ALK positive NSCLC: Implication for optional 
anti-PD-1/PD-L1 immune therapy for ALK-TKIs 
sensitive and resistant NSCLC patients. Oncoimmunology 
2015;5:e1094598.

24. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med 2015;373:1627-39.

25. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab 
versus docetaxel for previously treated, PD-L1-positive, 
advanced non-small-cell lung cancer (KEYNOTE-010): a 
randomised controlled trial. Lancet 2016;387:1540-50.

26. Fehrenbacher L, Spira A, Ballinger M, et al. Atezolizumab 
versus docetaxel for patients with previously treated 
non-small-cell lung cancer (POPLAR): a multicentre, 
open-label, phase 2 randomised controlled trial. Lancet 
2016;387:1837-46.

27. Rittmeyer A, Barlesi F, Waterkamp D, et al. Atezolizumab 
versus docetaxel in patients with previously treated 
non-small-cell lung cancer (OAK): a phase 3, open-
label, multicentre randomised controlled trial. Lancet 
2017;389:255-65.

28. Garassino MC, Cho BC, Kim JH, et al. Durvalumab as 
third-line or later treatment for advanced non-small-cell 
lung cancer (ATLANTIC): an open-label, single-arm, 
phase 2 study. Lancet Oncol 2018;19:521-36.

29. Ng TL, Liu Y, Dimou A, et al. Predictive value of 
oncogenic driver subtype, programmed death-1 ligand 
(PD-L1) score, and smoking status on the efficacy of 
PD-1/PD-L1 inhibitors in patients with oncogene-driven 
non-small cell lung cancer. Cancer 2019;125:1038-49.

30. Mazieres J, Drilon A, Lusque A, et al. Immune 
checkpoint inhibitors for patients with advanced 
lung cancer and oncogenic driver alterations: results 
from the IMMUNOTARGET registry. Ann Oncol 
2019;30:1321-8.

31. Heo JY, Park C, Keam B, et al. The efficacy of immune 
checkpoint inhibitors in anaplastic lymphoma kinase-
positive non-small cell lung cancer. Thorac Cancer 
2019;10:2117-23.

32. Bylicki O, Guisier F, Monnet I, et al. Efficacy and safety 
of programmed cell-death-protein-1 and its ligand 
inhibitors in pretreated patients with epidermal growth-
factor receptor-mutated or anaplastic lymphoma kinase-
translocated lung adenocarcinoma. Medicine (Baltimore) 
2020;99:e18726.

33. Jahanzeb M, Lin HM, Pan X, et al. Immunotherapy 
Treatment Patterns and Outcomes Among ALK-Positive 
Patients With Non-Small-Cell Lung Cancer. Clin Lung 
Cancer 2021;22:49-57.

34. Shimada M, Tamura A, Yokosuka K, et al. A successful 
pembrolizumab treatment case of lung adenocarcinoma 
after becoming resistant to ALK-TKI treatment due to 
G1202R mutation. Respir Investig 2018;56:365-8.

35. Baldacci S, Grégoire V, Patrucco E, et al. Complete 
and prolonged response to anti-PD1 therapy in an 
ALK rearranged lung adenocarcinoma. Lung Cancer 
2020;146:366-9.

36. Spigel DR, Reynolds C, Waterhouse D, et al. Phase 1/2 
Study of the Safety and Tolerability of Nivolumab Plus 
Crizotinib for the First-Line Treatment of Anaplastic 
Lymphoma Kinase Translocation - Positive Advanced 
Non-Small Cell Lung Cancer (CheckMate 370). J Thorac 
Oncol 2018;13:682-8.

37. Solomon BJ, Mok T, Kim DW, et al. First-line crizotinib 



Schenk. Immunotherapy in ALK+ lung cancer334

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(2):322-336 | https://dx.doi.org/10.21037/tlcr-22-883

versus chemotherapy in ALK-positive lung cancer. N Engl 
J Med 2014;371:2167-77.

38. Felip E, de Braud FG, Maur M, et al. Ceritinib plus 
Nivolumab in Patients with Advanced ALK-Rearranged 
Non-Small Cell Lung Cancer: Results of an Open-
Label, Multicenter, Phase 1B Study. J Thorac Oncol 
2020;15:392-403.

39. Cho BC, Obermannova R, Bearz A, et al. Efficacy and 
Safety of Ceritinib (450 mg/d or 600 mg/d) With Food 
Versus 750-mg/d Fasted in Patients With ALK Receptor 
Tyrosine Kinase (ALK)-Positive NSCLC: Primary 
Efficacy Results From the ASCEND-8 Study. J Thorac 
Oncol 2019;14:1255-65.

40. Chow LQM, Barlesi F, Bertino EM, et al. ASCEND-7: 
Efficacy and Safety of Ceritinib Treatment in Patients with 
ALK-Positive Non-Small Cell Lung Cancer Metastatic 
to the Brain and/or Leptomeninges. Clin Cancer Res 
2022;28:2506-16.

41. Patel SP, Pakkala S, Pennell NA, et al. Phase Ib Study of 
Crizotinib plus Pembrolizumab in Patients with Previously 
Untreated Advanced Non-Small Cell Lung Cancer with 
ALK Translocation. Oncologist 2020;25:562-e1012. 

42. Chalmers AW, Patel S, Boucher K, et al. Phase I Trial of 
Targeted EGFR or ALK Therapy with Ipilimumab in 
Metastatic NSCLC with Long-Term Follow-Up. Target 
Oncol 2019;14:417-21.

43. Shaw AT, Lee SH, Ramalingam SS, et al. Avelumab (anti–
PD-L1) in combination with crizotinib or lorlatinib 
in patients with previously treated advanced NSCLC: 
Phase 1b results from JAVELIN Lung 101. J Clin Oncol 
2018;36:9008.

44. Solomon BJ, Besse B, Bauer TM, et al. Lorlatinib in 
patients with ALK-positive non-small-cell lung cancer: 
results from a global phase 2 study. Lancet Oncol 
2018;19:1654-67.

45. Kim DW, Gadgeel SM, Gettinger SN, et al. Safety and 
clinical activity results from a phase Ib study of alectinib 
plus atezolizumab in ALK+ advanced NSclc (ANSCLC). J 
Clin Oncol 2018;36:9009.

46. Peters S, Camidge DR, Shaw AT, et al. Alectinib versus 
Crizotinib in Untreated ALK-Positive Non-Small-Cell 
Lung Cancer. N Engl J Med 2017;377:829-38.

47. West H, McCleod M, Hussein M, et al. Atezolizumab 
in combination with carboplatin plus nab-paclitaxel 
chemotherapy compared with chemotherapy alone as first-
line treatment for metastatic non-squamous non-small-
cell lung cancer (IMpower130): a multicentre, randomised, 
open-label, phase 3 trial. Lancet Oncol 2019;20:924-37.

48. Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab 
for First-Line Treatment of Metastatic Nonsquamous 
NSCLC. N Engl J Med 2018;378:2288-301.

49. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after 
Chemoradiotherapy in Stage III Non-Small-Cell Lung 
Cancer. N Engl J Med 2017;377:1919-29.

50. Antonia SJ, Villegas A, Daniel D, et al. Overall Survival 
with Durvalumab after Chemoradiotherapy in Stage III 
NSCLC. N Engl J Med 2018;379:2342-50.

51. Iwahara T, Fujimoto J, Wen D, et al. Molecular 
characterization of ALK, a receptor tyrosine kinase 
expressed specifically in the nervous system. Oncogene 
1997;14:439-49.

52. Hallberg B, Palmer RH. Mechanistic insight into ALK 
receptor tyrosine kinase in human cancer biology. Nat Rev 
Cancer 2013;13:685-700.

53. Weiss JB, Xue C, Benice T, et al. Anaplastic lymphoma 
kinase and leukocyte tyrosine kinase: functions and genetic 
interactions in learning, memory and adult neurogenesis. 
Pharmacol Biochem Behav 2012;100:566-74.

54. Bilsland JG, Wheeldon A, Mead A, et al. Behavioral and 
neurochemical alterations in mice deficient in anaplastic 
lymphoma kinase suggest therapeutic potential for 
psychiatric indications. Neuropsychopharmacology 
2008;33:685-700.

55. Witek B, El Wakil A, Nord C, et al. Targeted Disruption 
of ALK Reveals a Potential Role in Hypogonadotropic 
Hypogonadism. PLoS One 2015;10:e0123542.

56. Uhlén M, Fagerberg L, Hallström BM, et al. Tissue-based 
map of the human proteome. Science 2015;347:1260419.

57. Karlsson M, Zhang C, Méar L, et al. A single&#x2013;cell 
type transcriptomics map of human tissues. Science 
Advances 2021;7:eabh2169.

58. Human Protein Atlas [database on the Internet]. Available 
online: https://www.proteinatlas.org/ENSG00000171094-
ALK. Accessed: November 28, 2022.

59. Damm-Welk C, Siddiqi F, Fischer M, et al. Anti-ALK 
Antibodies in Patients with ALK-Positive Malignancies 
Not Expressing NPM-ALK. J Cancer 2016;7:1383-7.

60. Awad MM, Mastini C, Blasco RB, et al. Epitope mapping 
of spontaneous autoantibodies to anaplastic lymphoma 
kinase (ALK) in non-small cell lung cancer. Oncotarget 
2017;8:92265-74.

61. Voena C, Menotti M, Mastini C, et al. Efficacy of a Cancer 
Vaccine against ALK-Rearranged Lung Tumors. Cancer 
Immunol Res 2015;3:1333-43.

62. Passoni L, Scardino A, Bertazzoli C, et al. ALK as a novel 
lymphoma-associated tumor antigen: identification of 



Translational Lung Cancer Research, Vol 12, No 2 February 2023 335

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(2):322-336 | https://dx.doi.org/10.21037/tlcr-22-883

2 HLA-A2.1-restricted CD8+ T-cell epitopes. Blood 
2002;99:2100-6.

63. Ait-Tahar K, Cerundolo V, Banham AH, et al. B and 
CTL responses to the ALK protein in patients with ALK-
positive ALCL. Int J Cancer 2006;118:688-95.

64. Passoni L, Gallo B, Biganzoli E, et al. In vivo T-cell 
immune response against anaplastic lymphoma kinase 
in patients with anaplastic large cell lymphomas. 
Haematologica 2006;91:48-55.

65. Ait-Tahar K, Barnardo MC, Pulford K. CD4 T-helper 
responses to the anaplastic lymphoma kinase (ALK) 
protein in patients with ALK-positive anaplastic large-cell 
lymphoma. Cancer Res 2007;67:1898-901.

66. K Singh V, Werner S, Hackstein H, et al. Analysis of 
nucleophosmin-anaplastic lymphoma kinase (NPM-ALK)-
reactive CD8(+) T cell responses in children with NPM-
ALK(+) anaplastic large cell lymphoma. Clin Exp Immunol 
2016;186:96-105.

67. Singh VK, Werner S, Schwalm S, et al. NPM-ALK-
reactive T-cell responses in children and adolescents 
with NPM-ALK positive anaplastic large cell lymphoma. 
Oncoimmunology 2019;8:e1625688.

68. Okayama H, Kohno T, Ishii Y, et al. Identification of 
genes upregulated in ALK-positive and EGFR/KRAS/
ALK-negative lung adenocarcinomas. Cancer Res 
2012;72:100-11.

69. Zeng C, Gao Y, Xiong J, et al. Tumor-infiltrating CD8(+) 
T cells in ALK-positive lung cancer are functionally 
impaired despite the absence of PD-L1 on tumor cells. 
Lung Cancer 2020;150:139-44.

70. Zhang B, Zeng J, Zhang H, et al. Characteristics of the 
immune microenvironment and their clinical significance 
in non-small cell lung cancer patients with ALK-
rearranged mutation. Front Immunol 2022;13:974581.

71. Budczies J, Kirchner M, Kluck K, et al. Deciphering the 
immunosuppressive tumor microenvironment in ALK- and 
EGFR-positive lung adenocarcinoma. Cancer Immunol 
Immunother 2022;71:251-65.

72. Pardoll DM. The blockade of immune checkpoints in 
cancer immunotherapy. Nat Rev Cancer 2012;12:252-64.

73. Galon J, Bruni D. Approaches to treat immune hot, altered 
and cold tumours with combination immunotherapies. Nat 
Rev Drug Discov 2019;18:197-218.

74. Fucikova J, Kepp O, Kasikova L, et al. Detection of 
immunogenic cell death and its relevance for cancer 
therapy. Cell Death Dis 2020;11:1013.

75. Liu P, Zhao L, Pol J, et al. Crizotinib-induced 
immunogenic cell death in non-small cell lung cancer. Nat 

Commun 2019;10:1486.
76. Lu H, Zhang S, Wu J, et al. Molecular Targeted Therapies 

Elicit Concurrent Apoptotic and GSDME-Dependent 
Pyroptotic Tumor Cell Death. Clin Cancer Res 
2018;24:6066-77.

77. Fang Y, Wang Y, Zeng D, et al. Comprehensive analyses 
reveal TKI-induced remodeling of the tumor immune 
microenvironment in EGFR/ALK-positive non-small-cell 
lung cancer. Oncoimmunology 2021;10:1951019.

78. Maynard A, McCoach CE, Rotow JK, et al. Therapy-
Induced Evolution of Human Lung Cancer Revealed 
by Single-Cell RNA Sequencing. Cell 2020;182:1232-
1251.e22.

79. Pyo KH, Lim SM, Park CW, et al. Comprehensive 
analyses of immunodynamics and immunoreactivity in 
response to treatment in ALK-positive non-small-cell lung 
cancer. J Immunother Cancer 2020;8:e000970.

80. Kleczko EK, Hinz TK, Nguyen TT, et al. Durable 
responses to alectinib in murine models of EML4-ALK 
lung cancer requires adaptive immunity. NPJ Precis Oncol 
2023;7:15. 

81. Mandell M, Priest K, Le A, et al. Abstract 655: 
Macrophage mediated resistance to TKI therapy in 
ALK fusion positive non-small cell lung cancer. Cancer 
Res2022;82:655.

82. Huang J, Liu F, Li C, et al. Role of CD47 in tumor 
immunity: a potential target for combination therapy. Sci 
Rep 2022;12:9803.

83. Funazo TY, Ozasa H, Hashimoto K, et al. Abstract 1601: 
CD47 related to intratumor heterogeneity in alectinib-
resistant ALK-rearranged lung cancer cell lines. Cancer 
Res 2022;82:1601.

84. Vacarro K, Allen J, Maoz A, et al. Abstract 1300: Targeted 
therapies prime lung cancer cells for macrophage-mediated 
destruction. Cancer Res 2022;82:1300.

85. A Study Evaluating Platinum-Pemetrexed-Atezolizumab 
(+/-Bevacizumab) for Patients With Stage IIIB/IV Non-
squamous Non-small Cell Lung Cancer With EGFR 
Mutations, ALK Rearrangement or ROS1 Fusion 
Progressing After Targeted Therapies. ClinicalTrials.
gov identifier: NCT04042558. Updated: June 8, 2021. 
Accessed February 1, 2023. Available online: https://
clinicaltrials.gov/ct2/show/NCT04042558

86. Study of Atezolizumab Combination Carboplatin + 
Paclitaxel + Bevacizumab in EGRF Mutation or ALK 
Translocation NSCLC. ClinicalTrials.gov identifier: 
NCT03991403. Updated: December 28, 2021. Accessed 
February 1, 2023. Available online: https://clinicaltrials.



Schenk. Immunotherapy in ALK+ lung cancer336

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(2):322-336 | https://dx.doi.org/10.21037/tlcr-22-883

gov/ct2/show/NCT03991403
87. Pembrolizumab Plus Bevacizumab and Chemotherapy 

for ALK-rearranged NSCLC With Persist’nt 5'ALK. 
ClinicalTrials.gov identifier: NCT05266846. Updated: 
December 28, 2022. Accessed February 1, 2023. Available 
online: https://clinicaltrials.gov/ct2/show/NCT05266846

88. Camrelizumab Combined With Apatinib Mesylate and 
Standard Chemotherapy (Pemetrexed + Carboplatin) in 
Patients With Tyrosine Kinase Inhibitor Failure in ALK-
positive Advanced NSCLC. ClinicalTrials.gov identifier: 
NCT04425135. Updated: June 11, 2020. Accessed 
February 1, 2023. Available online: https://clinicaltrials.
gov/ct2/show/NCT04425135

89. Creelan BC, Wang C, Teer JK, et al. Tumor-infiltrating 
lymphocyte treatment for anti-PD-1-resistant metastatic 
lung cancer: a phase 1 trial. Nat Med 2021;27:1410-8.

90. Study of Autologous Tumor Infiltrating Lymphocytes in 
Patients With Solid Tumors. ClinicalTrials.gov identifier: 
NCT03645928. Updated: December 19, 2022. Accessed 
February 1, 2023. Available online: https://clinicaltrials.
gov/ct2/show/NCT03645928

91. A Study to Evaluate the Safety and Anti-tumor Activity of 
SNK01 (NK Cells) Administered in Combination With 
Chemotherapy or Chemotherapy Cetuximab in Local 
Advanced or Metastatic Non-small Cell Lung Cancer 
Patients Who Failed Tyrosine Kinase Inhibitor Treatment. 
ClinicalTrials.gov identifier: NCT04872634. Updated: 
July 21, 2021. Accessed February 1, 2023. Available online: 
https://clinicaltrials.gov/ct2/show/NCT04872634

92. Berraondo P, Sanmamed MF, Ochoa MC, et al. 
Cytokines in clinical cancer immunotherapy. Br J Cancer 
2019;120:6-15.

93. Diab A, Tannir NM, Bentebibel SE, et al. 
Bempegaldesleukin (NKTR-214) plus Nivolumab in 
Patients with Advanced Solid Tumors: Phase I Dose-
Escalation Study of Safety, Efficacy, and Immune 
Activation (PIVOT-02). Cancer Discov 2020;10:1158-73.

94. Harrington K, Freeman DJ, Kelly B, et al. Optimizing 
oncolytic virotherapy in cancer treatment. Nat Rev Drug 
Discov 2019;18:689-706.

95. Andtbacka RH, Kaufman HL, Collichio F, et al. 
Talimogene Laherparepvec Improves Durable Response 
Rate in Patients With Advanced Melanoma. J Clin Oncol 
2015;33:2780-8.

96. Kaufman HL, Kim DW, DeRaffele G, et al. Local and 
distant immunity induced by intralesional vaccination 
with an oncolytic herpes virus encoding GM-CSF in 
patients with stage IIIc and IV melanoma. Ann Surg Oncol 
2010;17:718-30.

97. Mantovani A, Allavena P, Marchesi F, et al. Macrophages 
as tools and targets in cancer therapy. Nat Rev Drug 
Discov 2022;21:799-820.

98. Zhao H, Wang J, Kong X, et al. CD47 Promotes Tumor 
Invasion and Metastasis in Non-small Cell Lung Cancer. 
Sci Rep 2016;6:29719.

99. Maute R, Xu J, Weissman IL. CD47-SIRPα-targeted 
therapeutics: status and prospects. Immunooncol Technol 
2022;13:100070.

100. Champiat S, Cassier PA, Kotecki N, et al. Safety, 
pharmacokinetics, efficacy, and preliminary biomarker data 
of first-in-class BI 765063, a selective SIRPα inhibitor: 
Results of monotherapy dose escalation in phase 1 study 
in patients with advanced solid tumors. J Clin Oncol 
2021;39:2623.

Cite this article as: Schenk EL. Narrative review: immunotherapy 
in anaplastic lymphoma kinase (ALK)+ lung cancer—current status 
and future directions. Transl Lung Cancer Res 2023;12(2):322-
336. doi: 10.21037/tlcr-22-883


