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In patients with advanced lung adenocarcinoma (LADC) harboring the
echinoderm microtubule-associated protein-like 4 (EML4) -anaplastic
lymphoma kinase (ALK) rearrangement, targeted therapy typically
demonstrates superior efficacy as an initial treatment compared to
chemotherapy. Following resistance to ALK-tyrosine kinase inhibitors (TKls),
regimens incorporating platinum-based dual agents or combined with
bevacizumab often show effectiveness. However, therapeutic alternatives
become constrained after resistance develops to both TKls and platinum-
based therapies. Given that the majority of ALK-positive non-small cell lung
carcinomas (NSCLC) are LADC, the benefits of TKls for patients with ALK-positive
lung squamous cell carcinoma (LSCC) and the optimal treatment strategy for
these patients remain a subject of debate. In this case study, we report on a
patient with advanced LSCC, in whom the EML4-ALK rearrangement was
identified via ARMS-PCR (Amplification Refractory Mutation System-
Polymerase Chain Reaction). The patient underwent oral treatment with
crizotinib and alectinib, showing effectiveness in both first-line and second-
line ALK-TKI therapies, albeit with limited progression-free survival (PFS).
Subsequent resistance to second-generation TKI was followed by the
detection of tumors in the left neck region via computed tomography (CT).
Biopsy pathology revealed non-squamous cell carcinoma, and subsequent
treatment with platinum-based double-drug therapy proved ineffective.
Further analysis through next-generation sequencing (NGS) indicated ALK
negativity but a high expression of programmed death-ligand 1 (PD-L1).
Immunotherapy was then initiated, resulting in a PFS of over 29 months and
clinical complete remission (cCR). This case underscores the potential benefit of
ALK-TKIs in patients with ALK-positive LSCC. Resistance to second-generation
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TKls may lead to ALK negativity and histological transformation, highlighting the
necessity of repeated biopsies post-TKI resistance for informed treatment
decision-making. As of November 2023, imaging studies continue to indicate
cCR in the patient, with a survival time exceeding 47 months.
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1 Introduction

Lung cancer remains the foremost oncological challenge
globally (1). Within this domain, Non-Small Cell Lung Cancer
(NSCLC) is the predominant subtype, comprising approximately
85% of all lung cancer cases (2). NSCLC primarily manifests in two
pathological forms: Lung Squamous Cell Carcinoma (LSCC) and
Lung Adenocarcinoma (LADC). Recent advancements in the
understanding of NSCLC have ushered in an era of molecularly-
tailored treatments, particularly focusing on driver genes, which are
pivotal in tumor developments (3, 4). Targeted therapies, designed
to address specific driver gene mutations, have shown promise in
enhancing the Objective Response Rate (ORR) and Progression-
Free Survival (PFS) in patients, thereby augmenting overall quality
of life and extending Overall Survival (OS) (3, 4). One significant
driver gene in NSCLC is the Anaplastic Lymphoma Kinase (ALK)
fusion gene, identified in about 5% of NSCLC patients,
predominantly within the LADC subgroup (5). Conversely, the
occurrence of ALK fusion genes in LSCC is considerably rare (6).
Consequently, the effectiveness of ALK-Tyrosine Kinase Inhibitors
(ALK-TKIs) in LSCC patients remains less clear, due to their low
representation in clinical studies. This paper discusses a case study
of a patient with advanced LSCC, exhibiting the echinoderm
microtubule-associated protein-like 4 (EML4) - ALK

Abbreviations: LADC, lung adenocarcinoma; EML4, echinoderm microtubule-
associated protein-like 4; ALK, anaplastic lymphoma kinase; TKIs, tyrosine
kinase inhibitors; NSCLC, non-small cell lung carcinoma; LSCC, lung
squamous cell carcinoma; ARMS-PCR, Amplification Refractory Mutation
System-Polymerase Chain Reaction; PFS, progression-free survival; CT,
computed tomography; NGS, nxet-generation sequencing; SRA, Sequence Read
Archive; PD-L1, programmed cell death-ligand 1; cCR, clinical complete
remission; OS, overall survival; ORR, objective remission rate; MRI, magnetic
resonance imaging; ECOG, Eastern Cooperative Oncology Group; PS,
performance status; SCCA, squamous cell carcinoma antigen; RECIST,
Response Evaluation Criteria in Solid Tumors; PD, progressive disease; SRS,
Stereotactic radiosurgery; TTF-1, thyroid transcription factor-1; PD-1,
programmed death 1; SD, stable disease; BMS, brain metastases; CNS, central
nervous system; SRT, stereotactic radiotherapy; EGFR, epidermal growth factor

receptor; SCLC, small cell lung cancer.
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rearrangement, who responded favorably to anti-programmed
death 1 (PD-1) immunotherapy post ALK-TKIs failure.

2 Case presentation

A 40-year-old male patient, with no history of smoking or
drinking, presented to our clinic in December 2019 with complaints
of a mild dry cough persisting for over two months and slight left
chest pain lasting for more than a month. A chest computed
tomography (CT) scan revealed the presence of a 42x21mm mass
located centrally in the left lung, accompanied by enlarged
ipsilateral hilar and mediastinal lymph nodes, an ipsilateral
pleural tubercle, and a small pleural effusion (Figures 1A1, B1).
Further evaluation through a magnetic resonance imaging (MRI)
scan indicated the presence of vertebral metastases (Figure 1C1). No
metastatic lesion was observed in the liver (Figure 1D1) or brain
(Figure 1E1). Pathological examination of the mass in the left lung
confirmed the diagnosis of poorly differentiated LSCC.
Immunohistochemical analysis revealed positive staining for CK,
CK7, CKHMW, CK5/6, P63, and CK7, with a Ki-67 proliferation
index of 40% (staining for CK5/6, P63 and CK7 in Figure 2C).
However, chromogranin A, Syn, CD56, NapsinA, CD4, CD8, CD20
and thyroid transcription factor-1 (TTF-1) showed negative
staining(staining for CD4, CD8, CD20 and TTF-1 in Figure 2C).
An EML4-ALK fusion was detected using ARMS-PCR
(Amplification Refractory Mutation System-Polymerase Chain
Reaction) analysis(Figure 2A). The pathology of the left pleural
effusion indicated the presence of suspected tumor cells. The patient
had a Eastern Cooperative Oncology Group Performance Status 1
(ECOG PS) and a squamous cell carcinoma antigen (SCCA) level of
3.2 ng/ml (normal range: 0.6-2.3 ng/ml).

The patient was diagnosed with stage IVB ALK-positive
advanced LSCC (cT2bN2MIc). Subsequently,the patient was
prescribed crizotinib (250mg bid) in December 2019. A CT scan
in March 2020 revealed a reduction in the size of the left mass
(22x13mm), mediastinal and left hilar lymph nodes, and pleural
tubercle. Concurrently, an MRI scan detected a hepatic S7 nodule,
suspected to be a metastasis (1lmmx10mm), as shown in
Figure 3A. According to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1, the condition was assessed as
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Images from pre-targeted therapy (December 2019). (A1) Soft tissue mass near the heart margin of the lower lingual segment of the left upper lobe
(x) and a small effusion of the left thoracic cavity (*) on the CT scan. (B1) Lymph node metastases (Q), pleural metastases (#), and a small effusion of
the left thoracic cavity (*) on the CT scan. (C1) Spinal metastasis on the MRI scan (Q). (D1) A CT scan of liver. (E1) A CT scan of the brain. Images
from post-immunotherapy (November 2023). (A2) No mass at the left superior lobe lingual segment on the CT scan. (B2) No nodules of
mediastinum and hilum on the CT scan. (C2) Inactive of the spinal metastasis on the MRI scan. (D2) A change after ablation of the liver S7 segment
on the MRI scan. (E2) Radionecrotic inflammatory response of the left frontal lobe on the MRI scan. Changes in the left lung mass and the left
supraclavicular fossa lymph nodes on the CT scans during immunotherapy (F=I). (F) The left supraclavicular fossa mass (52x69mm) and the left lung
mass before immunotherapy; (G) The left supraclavicular fossa mass (19x20mm) and on the left lung mass after 2 months of immunotherapy. (H)
Without any masses after 13 months of immunotherapy. (I) Without any masses after 29 months of immunotherapy.

progressive disease (PD). He still had a PS of 1. In March 2020, the
patient underwent radiofrequency and chemical ablation for the
liver metastasis while continuing crizotinib. By July 2020, MRI
scans demonstrated post-treatment alterations in the liver S7
metastasis, including coagulation and necrosis. However, a new
T2W-FLAIR hypersignal focus, approximately 4.6mm in diameter,
was identified in the left frontal lobe, suggesting potential brain
metastasis. This again was evaluated as PD. The patient had a PS of
1 at the time. Consequently, the treatment regimen was switched to
alectinib (600mg bid) in July 2020. Subsequent brain MRIs in
August and October 2020 showed no evidence of brain
metastasis. However, in January 2021, the patient experienced
intermittent dizziness with PS 1, and an MRI revealed a nodule in
the left frontal lobe with surrounding brain tissue edema, indicative
of metastasis (9x9.5mm). Stereotactic radiosurgery (SRS) for the
brain metastasis was performed from February 3 to February 7,
2021 (30Gy in 3Gy fractions), while maintaining the alectinib
regimen. This treatment led to an improvement in the patient’s
dizziness. A follow-up brain MRI in August 2021 showed changes
in the left frontal mass consistent with post-radiotherapy effects for
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brain metastasis. Periodic subsequent evaluations have indicated no
active tumor in the left frontal lobe lesion and no new brain
metastases. June and October 2020 CT scans indicated a
reduction in the size of the left lung mass. Subsequent regular CT
scans from October 2020 to June 2021 suggested that the size of this
mass remained largely unchanged. However, in April 2021, the
patient noted a mass on the left side of his neck with PS 2,
accompanied by symptoms, such as severe hoarseness and
moderate dizziness. A CT scan at this time revealed no significant
change in the left lung mass size, but there was an apparent fusion of
lymph nodes in the left supraclavicular fossa into a larger mass
measuring 32x47mm, as depicted in Figure 3B. This observation led
to the suspicion of disease progression. A puncture biopsy of the left
supraclavicular lymph node was conducted. Pathological
examination identified the presence of metastatic poorly
differentiated carcinoma, likely originating from the lung.
Immunohistochemical analysis demonstrated that the tumor cells
were positive for cytokeratin (CK), CK7, TTF-1, CK5/6, CD8 and
Ki-67 (60%) (staining for CK7, TTF-1, CK5/6 and CD8 in
Figure 2C), while negative for NapsinA, P40, P63, PAX-8, CD10,
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PD-L1

The ARMS-PCR result of the ALK gene in December 2019 and the immunohistochemistry results before and after resistance to ALK-TKIs. (A) The
ARMS-PCR shows ALK fusion in December 2019. (B) PD-L1 (IHC)-TPS of 90% (200x)after resistance to ALK-TKIs. (C) CK5/6(100x), P63(100x), and
CK7(100x)-positive in December 2019; CD8(100x)-scattered in a few positive in December 2019, about 10% of lymphocytes; CD4(100x), CD20
(100x), and TTF-1(100x)-negative in December 2019; CK7(200x), TTF-1(100x), CK5/6(200x), and CD8(200x)-positive in April 2021; P63(200x), CD4

(200x), and CD20(200x)-negative in April 2021

CgA, CD4, CD20, CD56, Hepatocyte, TG, and BEER(staining for
P63, CD4, and CD20 in Figure 2C). SCCA levels were within
normal ranges. On May 1 and May 22, 2021, the patient received
GP chemotherapy (gemcitabine 1.6g on days 1 and 8, and
Nedaplatin 40mg on days 1-3) along with recombinant human
endostatin (Endostar, 210mg). During the period of chemotherapy
session, the patient showed second-degree vomiting and diarrhea,
but no adverse hematological reactions were observed. A follow-up
CT scan in June 2021 (Figure 1F) revealed an increase in the size of
both the bilateral hilar and left supraclavicular fossa lymph nodes,
measuring 52x69mm, indicating a progression of the metastatic
disease. The disease was evaluated as PD; the patient had a PS score
of 3, along with persistent hoarseness and dizziness. To further
investigate, left cervical lymph node and peripheral blood samples
underwent next-generation sequencing (NGS) of 550 tumor-related
genes. Under the BioProject ID PRJNA1062325, the raw sequencing
date have been submitted to the Sequence Read Archive (SRA). The
NGS findings indicated a negative status for ALK fusion, while
programmed death-ligand 1 (PD-L1) expression was significantly
positive (90%) (PD-L1 expression in Figure 2B). Subsequently, the
patient received treatment with nab-paclitaxel (400mg, day 1) and
the PD-1 monoclonal antibody Pembrolizumab (200mg, day 1) on
June 18 and July 9, 2021. An August 2021 CT scan revealed a
notable reduction in the size of the pulmonary nodules, which had
nearly disappeared, and a decrease in the size of the left
supraclavicular fossa nodule to 19x20mm, as shown in Figure 1G.
However, after using nab-paclitaxel, the patient developed
neurotoxicity and numbness in his hands and feet and did not
experience hematologic toxicity. The patient opted against further
chemotherapy, continuing treatment with Pembrolizumab until
July 2023. The patient’s neurotoxic symptoms disappeared about
three months after the withdrawal of nab-paclitaxel. Regular follow-
ups from August 2021 to March 2022 classified the patient’s
condition as stable disease (SD). A CT scan in July 2022
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(Figure 1H) found no pulmonary or supraclavicular nodules.
Periodic assessments from July 2022 to November 2023
confirmed the maintenance of no pulmonary or supraclavicular
nodules. The symptom of severe hoarseness lasted about one year
and then gradually improved. In August 2023, the patient had a PS
of 0 and elected to switch to sintilimab (PD-1 monoclonal antibody,
200 mg), citing economic reasons after two years of pembrolizumab
treatment without medicinal donations. As of November 2023,
chest CT scans showed no detectable lesions (Figures 11, A2, B2),
and MRI scans revealed no active lesions in the spine, liver, and
brain (Figures 1C2, D2, E2). With PS 0, the patient is satisfied with
the therapeutic effect and the current quality of life. The timeline of
the treatment process is depicted in Figure 3C. Figure 4 illustrates
the dynamic changes in lesions located in the left lung, liver, brain,
and left supraclavicular fossa throughout the course of treatment.
Informed consent was obtained from the patient for the purpose of
this case report.

3 Discussion

In the realm of LADC and LSCC, the presence of ALK-positive
cases is relatively rare, occurring in less than 5% and 1% of patients
respectively (5-7). The efficacy of targeted therapy for ALK-positive
LSCC patients remains uncertain. A study by Lewis et al. examined
six LSCC patients with EML4-ALK rearrangement and reported a
median PFS of 2.8 months (ranging from 1.8 to 6.3 months) and OS
of 8.3 months (ranging from 3.2 to 32.1 months) when treated with
ALK-TKIs as first or second-line therapy (8). Yuan et al.
documented a case of advanced LSCC with ALK positivity treated
with first-line alectinib, resulting in a PFS of 4.5 months and an OS
of 6 months (9). Furthermore, Meng et al. presented a single-center
case review of 31 ALK-positive LSCC patients, of whom 20 received
ALK-TKIs as their initial or subsequent treatment. The median PFS
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FIGURE 3

The timeline treatment and some progressive images. (A) Liver S7 nodule (11mmx10mm) on an MRI scan in March 2020. (B) A mass (32x47mm)
fused by lymph nodes in the left supraclavicular fossa on the CT scan in April 2021. (C) The treatment timeline. LSCC, lung squamous cell
carcinoma; PD, progressive disease; PR, partial response; SD, stable disease; CR, complete response; SRS, Stereotactic radiosurgery

in this group was 6.4 months ( £ 4.4 months), notably shorter than
that observed in ALK-positive LADC patients treated with ALK
inhibitors (10). Lu et al. reviewed 11 ALK-positive LSCC patients
and noted that their PFS, whether treated with crizotinib or
alectinib, was shorter compared to LADC patients. They
highlighted a case where a patient with EML4-ALK (V1) fusion
and a high TP53 co-mutation achieved the longest PFS of 19
months on ensartinib, before switching to loratinib due to disease
progression and diminished effectiveness (11). In our study, the PFS
of ALK-positive LSCC patients treated with first- or second-line
ALK-TKI mirrored findings from previous literature (8-11), yet the
survival time exceeded 47 months, surpassing all similar reports
(9, 12). Currently, the patient maintains a performance status (PS)
score of 0.

The management of brain metastases (BMS) presents a
significant clinical challenge in ALK-positive NSCLC. Patients
with ALK-positive NSCLC are more susceptible to BMS
compared to those with epidermal growth factor receptor
(EGFR)-positive NSCLC (12). Approximately 30% of these

—o— mass of superior Ibe of left lung ~ —e— hepatic mass

‘mass of superior lobe of lung

Mass maximum diameter(mm)

—e—brain mass

left supraclavicular lymph node}

patients present with central nervous system (CNS) metastases at
the time of initial diagnosis (13), and about 58% develop CNS
metastases within three years (14). The first-line standard treatment
for advanced ALK-positive NSCLC typically involves ALK-TKIs
(14, 15). However, the first-generation ALK-TKIs demonstrate
limited efficacy in controlling brain metastases due to poor
penetration of the blood-brain barrier. In contrast, second-
generation ALK-TKIs offer enhanced blood-brain barrier
permeability, resulting in better management of brain metastases.
Consequently, second or third-generation ALK-TKIs are now
recommended as the first-line treatment for ALK-positive NSCLC
patients without BMS to decrease the likelihood of developing BMS.
BMS significantly impacts the quality of life and survival prognosis
of patients. Advances in radiotherapy, such as stereotactic
radiotherapy (SRT) and SRS, have improved the precision of
brain radiotherapy for lung cancer patients with brain metastases.
Local radiotherapy not only augments disease control but also
increases the permeability of the blood-brain barrier (16). In our
case study, a patient with advanced ALK-positive NSCLC developed
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Imaging changes of the left lung, liver, brain, and left supraclavicular fossa mass during treatment in our case(the black and red lines on the
horizontal coordinate indicate that inactivity of the metastases on the MRI scans).
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brain metastasis seven months after initiating treatment with
crizotinib. This metastasis resolved within a month following a
switch to alectinib. However, the brain metastasis reemerged six
months after starting the second-generation ALK-TKI. To manage
this, SRS was employed alongside continued systemic therapy. As of
November 2023, the metastasis in the left frontal lobe exhibited no
tumor activity, and no new metastases were detected in the brain.

In nearly half of the ALK-positive NSCLC patients experiencing
progression on second-generation ALK-TKIs, no ALK mutations are
detected at the time of clinical relapse. This suggests the development
of ALK-independent resistance, and such patients derive only limited
benefit from subsequent-generation ALK-TKIs (17, 18). The
transformation of a tumor into a different histologic subtype is
often linked to a loss of dependence on the initial oncogenic driver,
contributing to drug resistance (19). Although most newly diagnosed
cases of ALK-positive NSCLC are LADC, transformations to small
cell lung cancer (SCLC) have been observed in patients treated with
all generations of ALK-TKIs. This occurrence, however, is infrequent,
with a rate of less than 3% as determined by retrospective analyses
(20-23). To date, there have only been six reported cases
documenting such a transformation to SCLC in the context of
ALK-positive lung cancer. Post-histological transformation, patients
with ALK-positive NSCLC generally exhibit rapid disease
progression, with both targeted therapy and chemotherapy proving
ineffective in most cases (20, 24-28). Remarkably, there has been only
one documented instance where a patient, transformed to SCLC
following ALK-TKI treatment, responded positively to chemotherapy
and immunotherapy (28). Yan et al. presented a case of ALK-
rearrangement-positive adenocarcinoma with high expression of
PD-L1 that was transformed into LSCC after administration of
alectinib (29). Reports indicate an increased likelihood of NSCLC
transforming into SCLC under the stress of targeted therapy (30).
This transformation seems more prevalent following treatment with
second-generation ALK-TKIs, possibly due to the heightened
exposure stress experienced by tumor cells under these
medications. To adapt to this stress, the cells may undergo
biological or histological changes (31). Due to the low incidence of
ALK-positive LSCC, no cases of histological transformation of ALK-
positive LSCC have been reported. In the case presented, the patient
exhibited elevated serum SCCA levels prior to targeted therapy,
which normalized post-second-generation TKI treatment. The
tumor’s pathology shifted from LSCC to non-squamous cell
carcinoma, and no ALK mutations were detected through NGS.
This could be indicative of an ALK-independent resistance
mechanism, although tumor heterogeneity cannot be ruled out.
Following resistance to the second-generation TKI, the disease
progressed rapidly, and platinum-based chemotherapy was
ineffective. However, due to high PD-L1 expression, the patient
showed significant response to immunotherapy. The PFS with
immunotherapy exceeded 29 months, and the patient achieved a
clinical complete remission (cCR), with a survival time of over 47
months. This case suggests a novel approach for treating advanced
ALK-positive LSCC. It again implies that histological transformation
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might occur following ALK-TKI resistance, underlining the
importance of repeat biopsies for patients resistant to TKIs.

In this instance, while targeted therapy was initially effective, the
PFS achieved was limited. Notably, post-targeted therapy, the patient’s
tumor pathology transitioned from LSCC to non-squamous cell
carcinoma. Additionally, NGS did not identify any gene mutations.
The most likely explanation is that TKIs put more severe selective
pressure on the squamous carcinoma cells during TKI-therapy. After
overcoming the evolutionary process of selective pressure, TKI-
resistant tumor cells undergo biological changes more frequently.
These changes do not eliminate the possibilities of tumor
heterogeneity, a factor that cannot be discounted. A significant
improvement was observed after the patient was transitioned to
immunotherapy. To the best of our knowledge, this is the only case
reported in the literature about an ALK-positive advanced LSCC
patient achieving cCR following treatment with ALK-TKIs, localized
treatment, and immunotherapy. However, there are some limitations
in this case, such as the lack of pathology of liver matastasis and PD-L1
expression level before ALK-TKIs therapy. As of now, the patient’s
survival time has exceeded 47 months, underscoring the potential
efficacy of this treatment approach.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary materials, further inquiries can be
directed to the corresponding author/s.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

CY: Conceptualization, Data curation, Formal analysis, Software,
Writing — original draft. RZ: Data curation, Methodology, Writing —
original draft. YZ: Formal analysis, Methodology, Validation, Writing —
original draft. YL: Methodology, Resources, Supervision, Writing —
review & editing. TW: Conceptualization, Formal analysis, Writing —
review & editing. RZ: Data curation, Software, Writing — review &
editing. ML: Supervision, Visualization, Writing — review & editing. JZ:
Funding acquisition, Supervision, Visualization, Writing - review
& editing.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1360671
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yang et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was provided by Zhongshan Social Welfare Science and Technology
Research Project (No. 2019B1101).

Acknowledgments

The authors wish to thank Zhongshan People’s Hospital for
date preparation. And the authors thank the patient and
his family.

References

1. Veljkovikj I, Ilbawi AM, Roitberg F, Luciani S, Barango P, Corbex M, et al. Evolution
of the joint International Atomic Energy Agency (IAEA), International Agency for
Research on Cancer (IARC), and WHO cancer control assessments (imPACT
Reviews). Lancet Oncol (2022) 23:e459-68. doi: 10.1016/S1470-2045(22)00387-4

2. Schenk EL, Patil T, Pacheco J, Bunn PA. 2020 Innovation-Based optimism for
lung cancer outcomes. Oncologist (2021) 26:e454-72. doi: 10.1002/0nco0.13590

3. Forde PM, Ettinger DS. Targeted therapy for non-small-cell lung cancer: past,
present and future. Expert Rev Anticancer Ther (2013) 13:745-58. doi: 10.1586/era.13.47

4. Herbst RS, Morgensztern D, Boshoft C. The biology and management of non-
small cell lung cancer. Nature (2018) 553:446-54. doi: 10.1038/nature25183

5. Solomon B, Varella-Garcia M, Camidge DR. ALK gene rearrangements: a new
therapeutic target in a molecularly defined subset of non-small cell lung cancer.
J Thorac Oncol (2009) 4:1450-4. doi: 10.1097/JTO.0b013e3181c4dedb

6. Zhao W, Choi Y-L, Song J-Y, Zhu Y, Xu Q, Zhang F, et al. ROSI and RET
rearrangements in lung squamous cell carcinoma are very rare. Lung Cancer (2016)
94:22-7. doi: 10.1016/j.lungcan.2016.01.011

7. Yang X, Peng P, Zhang L. Multiline treatment of advanced squamous cell
carcinoma of the lung: A case report and review of the literature. World J Clin cases
(2019) 7:1899-907. doi: 10.12998/wjcc.v7.i14.1899

8. Lewis WE, Hong L, Mott FE, Simon G, Wu CC, Rinsurongkawong W, et al.
Efficacy of targeted inhibitors in metastatic lung squamous cell carcinoma with EGFR
or ALK alterations. JTO Clin Res Rep (2021) 2:100237. doi: 10.1016/j.jtocrr.2021.100237

9. Yuan Y, Wang Z, Nie X, Zhang P, Li L. A case of advanced lung squamous cell
carcinoma with CLIP1-ALK fusion gene. Zhongguo Fei Ai Za Zhi (2022) 25:696-700.
doi: 10.3779/j.issn.1009-3419.2022.102.29

10. Meng Q, Dong Y, Tao H, Shi L, Tong L, Tang J, et al. ALK-rearranged squamous
cell carcinoma of the lung. Thorac Cancer (2021) 12:1106-14. doi: 10.1111/1759-
7714.13818

11. Lv D, Xu C, Wang C, Sang Q. Lung squamous cell carcinoma with EML4-ALK
fusion and TP53 co-mutation Treated with ensartinib: A case report and literature review.
Zhongguo Fei Ai Za Zhi (2023) 26:78-82. doi: 10.3779/j.issn.1009-3419.2023.106.03

12. Kang Y, Jin Y, Li Q, Yuan X. Advances in lung cancer driver genes associated
with brain metastasis. Front Oncol (2020) 10:606300. doi: 10.3389/fonc.2020.606300

13. Johung KL, Yeh N, Desai NB, Williams TM, Lautenschlaeger T, Arvold ND, et al.
Extended survival and prognostic factors for patients with ALK-rearranged non-small-
cell lung cancer and brain metastasis. ] Clin Oncol (2016) 34:123-9. doi: 10.1200/
JCO.2015.62.0138

14. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al. Non-
small cell lung cancer, version 3.2022, NCCN clinical practice guidelines in oncology.
J Natl Compr Canc Netw (2022) 20:497-530. doi: 10.6004/jnccn.2022.0025

15. Wang F-H, Zhang X-T, Li Y-F, Tang L, Qu X-J, Ying J-E, et al. The Chinese Society

of Clinical Oncology (CSCO): Clinical guidelines for the diagnosis and treatment of gastric
cancer, 2021. Cancer Commun (Lond) (2021) 41:747-95. doi: 10.1002/cac2.12193

16. Luo S, Chen L, Chen X, Xie X. Evaluation on efficacy and safety of tyrosine kinase
inhibitors plus radiotherapy in NSCLC patients with brain metastases. Oncotarget
(2015) 6:16725-34. doi: 10.18632/oncotarget.4264

17. Shiba-Ishii A, Johnson TW, Dagogo-Jack I, Mino-Kenudson M, Johnson TR,
Wei P, et al. Analysis of lorlatinib analogs reveals a roadmap for targeting diverse
compound resistance mutations in ALK-positive lung cancer. Nat Cancer (2022)
3:710-22. doi: 10.1038/s43018-022-00399-6

Frontiers in Immunology

10.3389/fimmu.2024.1360671

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

18. Shaw AT, Solomon BJ, Besse B, Bauer TM, Lin C-C, Soo RA, et al. ALK
resistance mutations and efficacy of lorlatinib in advanced anaplastic lymphoma
kinase-positive non-small-cell lung cancer. J Clin Oncol (2019) 37:1370-9.
doi: 10.1200/JCO.18.02236

19. Quintanal-Villalonga A, Chan JM, Yu HA, Pe’er D, Sawyers CL, Sen T, et al.
Lineage plasticity in cancer: a shared pathway of therapeutic resistance. Nat Rev Clin
Oncol (2020) 17:360-71. doi: 10.1038/541571-020-0340-z

20. Fujita S, Masago K, Katakami N, Yatabe Y. Transformation to SCLC after
treatment with the ALK inhibitor alectinib. J Thorac Oncol (2016) 11:¢67-72.
doi: 10.1016/,jtho.2015.12.105

21. Takegawa N, Hayashi H, Tizuka N, Takahama T, Ueda H, Tanaka K, et al.
Transformation of ALK rearrangement-positive adenocarcinoma to small-cell lung
cancer in association with acquired resistance to alectinib. Ann Oncol (2016) 27:953-5.
doi: 10.1093/annonc/mdw032

22. Cha YJ, Cho BC, Kim HR, Lee H-J, Shim HS. A case of ALK-rearranged
adenocarcinoma with small cell carcinoma-like transformation and resistance to
crizotinib. J Thorac Oncol (2016) 11:¢55-8. doi: 10.1016/j.jtho.2015.12.097

23. Levacq D, D’Haene N, de Wind R, Remmelink M, Berghmans T. Histological
transformation of ALK rearranged adenocarcinoma into small cell lung cancer: A new
mechanism of resistance to ALK inhibitors. Lung Cancer (2016) 102:38-41.
doi: 10.1016/j.lungcan.2016.10.012

24. Balla A, Khan F, Hampel KJ, Aisner DL, Sidiropoulos N. Small-cell
transformation of ALK-rearranged non-small-cell adenocarcinoma of the lung.
Cold Spring Harb Mol Case Stud (2018) 4:a002394. doi: 10.1101/mcs.a002394

25. Ou S-HI, Lee TK, Young L, Fernandez-Rocha MY, Pavlick D, Schrock AB, et al.
Dual occurrence of ALK G1202R solvent front mutation and small cell lung cancer
transformation as resistance mechanisms to second generation ALK inhibitors without
prior exposure to crizotinib. Pitfall of solely relying on liquid re-biopsy? Lung Cancer
(2017) 106:110-4. doi: 10.1016/j.lungcan.2017.02.005

26. Yamagata A, Yokoyama T, Fukuda Y, Ishida T. Alectinib re-challenge in small
cell lung cancer transformation after chemotherapy failure in a patient with ALK-
positive lung cancer: A case report. Respir Med Case Rep (2021) 33:101440.
doi: 10.1016/j.rmcr.2021.101440

27. OyaY, Yoshida T, Uemura T, Murakami Y, Inaba Y, Hida T. Serum ProGRP and
NSE levels predicting small cell lung cancer transformation in a patient with ALK
rearrangement-positive non-small cell lung cancer: A case report. Oncol Lett (2018)
16:4219-22. doi: 10.3892/01.2018.9158

28. Xia G, HuangJ, NiJ, Song M, Zhang J, Hofman P, et al. Transformation of ALK-
positive NSCLC to SCLC after alectinib resistance and response to combined
atezolizumab: a case report. Transl Lung Cancer Res (2023) 12:637-46.
doi: 10.21037/tlcr-23-154

29. Zhang Y, Qin Y, Xu H, Yao Q, Gao Y, Feng Y, et al. Case report: A case report of
a histological transformation of ALK-rearranged adenocarcinoma with high expression
of PD-L1 to squamous cell carcinoma after treatment with alectinib. Pathol Oncol Res
(2021) 27:637745. doi: 10.3389/pore.2021.637745

30. Rosen JM, Jordan CT. The increasing complexity of the cancer stem cell
paradigm. Science (2009) 324:1670-3. doi: 10.1126/science.1171837

31. Hobeika C, Rached G, Eid R, Haddad F, Chucri S, Kourie HR, et al. ALK-
rearranged adenocarcinoma transformed to small-cell lung cancer: a new entity with
specific prognosis and treatment? Per Med (2018) 15:111-5. doi: 10.2217/pme-2017-
0069

frontiersin.org


https://doi.org/10.1016/S1470-2045(22)00387-4
https://doi.org/10.1002/onco.13590
https://doi.org/10.1586/era.13.47
https://doi.org/10.1038/nature25183
https://doi.org/10.1097/JTO.0b013e3181c4dedb
https://doi.org/10.1016/j.lungcan.2016.01.011
https://doi.org/10.12998/wjcc.v7.i14.1899
https://doi.org/10.1016/j.jtocrr.2021.100237
https://doi.org/10.3779/j.issn.1009-3419.2022.102.29
https://doi.org/10.1111/1759-7714.13818
https://doi.org/10.1111/1759-7714.13818
https://doi.org/10.3779/j.issn.1009-3419.2023.106.03
https://doi.org/10.3389/fonc.2020.606300
https://doi.org/10.1200/JCO.2015.62.0138
https://doi.org/10.1200/JCO.2015.62.0138
https://doi.org/10.6004/jnccn.2022.0025
https://doi.org/10.1002/cac2.12193
https://doi.org/10.18632/oncotarget.4264
https://doi.org/10.1038/s43018-022-00399-6
https://doi.org/10.1200/JCO.18.02236
https://doi.org/10.1038/s41571-020-0340-z
https://doi.org/10.1016/j.jtho.2015.12.105
https://doi.org/10.1093/annonc/mdw032
https://doi.org/10.1016/j.jtho.2015.12.097
https://doi.org/10.1016/j.lungcan.2016.10.012
https://doi.org/10.1101/mcs.a002394
https://doi.org/10.1016/j.lungcan.2017.02.005
https://doi.org/10.1016/j.rmcr.2021.101440
https://doi.org/10.3892/ol.2018.9158
https://doi.org/10.21037/tlcr-23-154
https://doi.org/10.3389/pore.2021.637745
https://doi.org/10.1126/science.1171837
https://doi.org/10.2217/pme-2017-0069
https://doi.org/10.2217/pme-2017-0069
https://doi.org/10.3389/fimmu.2024.1360671
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case report: Clinical complete response in advanced ALK-positive lung squamous cell carcinoma: a case study of successful anti-PD-1 immunotherapy post ALK-TKIs failure
	1 Introduction
	2 Case presentation
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


