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Case Report

EML4-ALK rearrangement of lung large cell neuroendocrine 
carcinoma: a case report
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Background: Lung large cell neuroendocrine carcinoma (L-LCNEC) is a subtype of lung cancer with a 
low incidence and a high degree of malignancy. For early stage patients, surgical treatment is limited, and 
the risk of postoperative recurrence is high. For patients with unresectable or advanced disease, platinum-
based chemotherapy is currently the mainstay of treatment, but its efficacy is unsatisfactory. L-LCNEC with 
the anaplastic lymphoma kinase (ALK) gene mutation is very rare and currently has no standard therapy. In 
this article, we report the case of a locally advanced L-LCNEC patient with ALK mutations who underwent 
first-line treatment with alectinib.
Case Description: A previously healthy, 46-year-old, non-smoking woman was clinically diagnosed 
with unresectable locally advanced L-LCNEC. Next generation sequencing (NGS) of the patient’s plasma 
and tumor specimen showed echinoderm microtubule-associated protein-like 4 (EML-4) (exon 13)-ALK 
(exon 20) fusion with a mutation frequency of 14.48% and 15.37%. The patient refused chemotherapy, 
and received first-line treatment with alectinib 600 mg, bis in die (bid), per day. After taking alectinib for  
1 month, the patient’s chest enhanced computed tomography (CT) scan showed a partial response (PR). 
After 12 months of treatment with alectinib, a radiological evaluation showed that the patient had maintained 
the PR. A grade 2–3 rash was observed at the beginning of the treatment. After symptomatic treatment, the 
rash disappeared, and the side effects were fully tolerated. At present, the patient can work normally, has a 
performance status of 0 and has not experience any major adverse events.
Conclusions: Our case suggests that the first-line use of targeted therapy is also a good choice for 
L-LCNEC patients of stage III with gene mutations. The side effects are light, the patient can tolerate well, 
and the quality of life of can be improved.
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Introduction

Lung large cell neuroendocrine carcinoma (L-LCNEC) is 
a type of neuroendocrine tumor (NET). It is a rare, poorly 
differentiated, and highly malignant lung tumor. It accounts 
for <3% of all lung malignancies (1). L-LCNEC is defined 
as a non-small cell lung cancer (NSCLC). It is characterized 
by invasion, extensive metastasis, and a low survival rate, 
and its clinical characteristics and prognosis are similar to 
those of small cell lung cancer (SCLC) (2). Because it is very 
rare, at present, there are still many controversies about 
its diagnosis, treatment and prognosis, and the relevant 
treatment and prognosis indicators lack large sample 
research and literature data support.

A large number of gene mutations have been shown to 
drive the malignant transformation and cell proliferation of 
a range of human cancer types, including pulmonary cancer. 
Anaplastic lymphoma kinase (ALK) gene rearrangement 
occurs in ~5% of pulmonary carcinomas and is a biomarker 
for targeted therapy (3-5). To date, several ALK inhibitors, 
including alectinib, have been developed and used as 
alternative or first-line options for patients with disease 
resistant to platinum doublet chemotherapy (6,7). Genomic 
abnormalities are most frequently observed in L-LCNEC, 
followed by carcinoid tumor and SCLC (8). Nevertheless, 
because of L-LCNEC is low prevalence, the molecular 
characteristics and treatment implications are still unclear. 
To date, only a few cases of L-LCNEC patients with ALK 
rearrangements have been reported (9-14); however, the 
treatment methods used for these patients have differed, 
and few patients have received a first-line treatment with 
tyrosine kinase inhibitors. In this article, we report the case 

of a patient with locally advanced L-LCNEC with an ALK 
mutation, who received first-line alcetinib targeted therapy 
that showed good efficacy. We present the following article 
in accordance with the CARE reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
22-6062/rc).

Case presentation

A previously healthy, 46-year-old, non-smoking woman 
attended Shenzhen Nanshan District Shekou People’s 
Hospital for treatment due to cough and expectoration after 
a cold on November 18, 2020. Chest computed tomography 
(CT) revealed a nodule in the right lobe (no specific 
report was available). The doctor at the hospital suggested 
hospitalization for further diagnosis and treatment, but the 
patient was scared and refused. She then sought treatment 
with traditional Chinese medicine. On June 13, 2021, she 
visited the same hospital for the same reason, and another 
chest CT revealed that compared to the CT on November 
18, 2020, there were more lesions in the upper lobe of the 
right lung than before, the mediastinal lymph nodes were 
significantly enlarged, and peripheral lung cancer was likely. 

The patient was hospitalized on June 16, 2021. On 
June 17, 2021, chest CT revealed a 19×16×30 mm nodular 
shadow in the anterior segment of the upper lobe of the 
right lung, adjacent pleural involvement, and multiple 
enlarged lymph nodes were observed at 2R and 4R/L 
(Right/Left ) in the right hilar and mediastinum. The short 
diameter of the larger lymph nodes was about 21 mm. The 
lumen of the superior vena cava was narrowed by lymph 
nodes pushing, and lymph node metastasis was considered 
(Figure 1). On June 21, 2021, an ultrasonic bronchoscopy 
was performed and multiple hypoechoic masses were found 
in the 4R, 4L, and 7 areas of the mediastinum, right hilar 
(10R) and right interlobular (11R). The maximum short 
diameter of the lesion was about 20.4×30.6 mm, in area 4R 
(Figure 2). 

Endobronchial ultrasound–guided transbronchial needle 
aspiration was performed with a 21 g biopsy needle in the 
11R and 4R regions of the mediastinum. On June 22, 2021, 
the pathological results showed poorly differentiated cancers 
in the 11R lymph node and 4R lymph node, combined 
with immunophenotype, conforming to neuroendocrine 
carcinoma and tending to L-LCNEC.

The immunohistochemistry (IHC) results were positive 
for thyroid transcription factor 1 (TTF-1), cytokeratin-7 
(CK7), AE1/AE3, neural cell adhesion molecule (NCAM, 
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Figure 1 Comparison of chest CT between 2021-06-17, 2021-08-19 and 2022-08-29. (A) The primary lesion of the lung. (B) Metastatic 
lymph node of 4R region. (C) Metastatic lymph node of 11R region.

C

B

A
 2021-06-17 2021-08-19 2022-08-29

B

A

Figure 2 Ultrasonic bronchoscope. (A) is metastatic lymph node of 4R region (the largest short lymph nodes is 20.4×30.6 mm). (B) is 
metastatic lymph node of 11R region (the largest short lymph nodes is 12.9×21.6 mm); blood flow signal can be seen in it.
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Figure 3 Pathological results of the mediastinal lymph node puncture. (A) Histology 10× HE. (B) Histology 40× HE. (C) tumor expression 
Syn 20× HE. (D) Tumor expression CgA 20× HE. HE, hematoxylin and eosin.

CD56), Chromogranin-A (ChrA), Synaptophysin (Syn), 
and 40% for Ki-67, but negative for NapsinA, P40, and P63 
(Figure 3). The clinical stage was cT1cN3M0 IIIB. Next 
generation sequencing (NGS) with a 520-gene panel of the 
patient’ plasma and tumor specimen showed echinoderm 
microtubule-associated protein-like 4 (EML-4) (exon 13)-
ALK (exon 20) fusion with a mutation frequency of 14.48% 
and 15.37%, microsatellite stability (MSS), tumor proportion 
score (TPS) 0%, combined positive score (CPS) 1.

After the evaluation of thoracic tumor surgeon, 
the doctor suggested that preoperative neoadjuvant 
chemotherapy should be provided for 2–4 cycles, and a 
comprehensive assessment should be made to determine 
whether surgical resection would be possible. The patient 
refused chemotherapy for personal reasons, and on July 
18, 2021, according to the 2020 guidelines of the Chinese 
Society of Clinical Oncology (CSCO), the patient began 
treatment with alectinib, an ALK tyrosine kinase inhibitor, 
at a dosage of 600 mg twice daily. After 1 month of 
treatment with alectinib, the lung tumor shrank in size 
from 19×16×30 to 13×11×14 mm, the largest hilar and 
mediastinal lymph nodes shrank in size from 21 to 14 mm, 
and the pressure on the superior vena cava also decreased 
(Figure 1). According to the Response Evaluation Criteria 
in Solid Tumors (RECIST1.1) evaluation standards, the 
tumor response was considered a partial response (PR). The 
patient was then examined every 2 months, and the tumor 
continued to shrink. On June 24, 2022, Positron emission 

tomography (PET)-CT was performed and there are still 
residual tumors, the size of tumors was same to April 28, 
2022. On Aug 29, 2022, 12 months after treatment with 
alectinib, the lung tumor had shrunk in size (compared 
to chest CT on April 28, 2022) to 9×6 mm, and the short 
diameter of the hilar and mediastinal lymph nodes was 
8 mm, and the level of carcinoembryonic antigen (CEA) 
continued to decline (Figure 4). 

The treatment-related adverse events included skin 
rashes, which were observed after half a month of 
medication. The skin rashes emerged on the patient’s 
hands, feet, and limbs. According to NCI-CTCAE 5.0, the 
rashes were grades 2–3. The patient received symptomatic 
treatment with antiallergy Loratadine tablets, skin care, oral 
and external Chinese medicine, and her skin peeled off after 
1 month later. At the time of reexamination in August 2021, 
the patient’s rash had largely disappeared, and while some of 
her skin remained pigmented (Figure 5), the skin color had 
mostly recovered to normal after 6 months of medication. 
The overall tolerance was acceptable, no other adverse 
reactions were observed, and the patient was able to live and 
work normally. The timeline of the case was demonstrated 
in Figure 6.

All procedures performed in this study were performed 
in accordance with the ethical standards of the institutional 
research committee and with the Declaration of Helsinki 
(as revised in 2013). Written informed consent was obtained 
from the patient for the publication of this case report and 

https://tp.amegroups.com/article/view/58382/html#figure3
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Figure 4 The tumor marker CEA gradually decreased. CEA, carcinoembryonic antigen.

the accompanying images. A copy of the written consent 
form is available for review by the editorial office of this 
journal.

Discussion

L-LCNEC, which is a type of NSCLC, is a rare but 

highly invasive lung cancer. Travis et al. (15) first identified 
it as a new subtype of lung cancer. In 2011, the World 
Health Organization classified L-LCNEC as a large cell 
carcinoma (16). In 2015, it was reclassified as a pulmonary 
NET together with SCLC, typical carcinoid tumor and 
atypical carcinoid tumor (17). About 20% of L-LCNEC 
has a mixed tumor component with SCLC or NSCLC (17). 
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Figure 5 Treatment-related adverse skin rashes. (A) Skin rashes appeared on the palm. (B,C) After symptomatic treatment, the skin 
gradually peeled off and then returned to normal. (D) Skin rashes appeared on the back of the hand. (E) After symptomatic treatment, the 
rash subsided and there was no pigmentation. (F) Skin rashes on the upper limb. (G) During the course of medication, the rash subsided, but 
pigmentation remained after the symptomatic treatment.
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Alectinib 
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Adverse events:  
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Hospitalized in 
our department

Ultrasonic 
bronchoscopy: 
20.4×30.6 mm

NGS: EML4-ALK 
rearrangement

Chest CT:  
13×11×14 mm 
Mediastinal lymph 
nodes: 14 mm 

Chest CT:  
19×16×30 mm 
Mediastinal lymph 
nodes: 21 mm 

Lymph nodes biopsy: 
neuroendocrine 
carcinoma and 
tending to L-LCNEC 

Chest CT:  
peripheral 
lung cancer

Chest CT: 9×6 mm 
Mediastinal lymph 
nodes: 8 mm 

Rash had largely disappeared 
Skin pigmentation

Figure 6 Timeline of the case. CT, computed tomography; NGS, next generation sequencing; L-LCNEC, lung large cell neuroendocrine 
carcinoma; NGS, next generation sequencing; EML4, echinoderm microtubule-associated protein-like 4; ALK, anaplastic lymphoma kinase. 

To study the biological relationship between L-LCNEC 
and SCLC and NSCLC, Rekhtman et al. (18) analyzed 
the genomic changes of L-LCNEC and other major lung 
cancer types and found that L-LCNEC mainly comprised 
the following 2 distinct subgroups characterized by different 
genomic signatures: the SCLC-like subtype (characterized 
by a TP53+RB1 co-mutation/loss and other SCLC-type 
alterations); and the NSCLC-like subtype (characterized 
by a lack of co-altered TP53+RB1 and the nearly universal 
occurrence of the NSCLC-type mutations of STK11, 
KRAS, and KEAP1). 

Research has been conducted to determine what the 
biological behavior and prognosis of L-LCNEC is most 
like. Some people have suggested that L-LCNEC has 
neuroendocrine characteristics and should be considered 
a small cell carcinoma (19). To date, there have been 
no randomized controlled trials examining the optimal 
treatment for L-LCNEC. Derks et al. (20) conducted a 
retrospective study and found that L-LCNEC is a highly 
aggressive lung cancer like SCLC with a poor prognosis 
at all stages of the disease. However, there are important 
differences between L-LCNEC and SCLC. Notably, in 
stage IV, the prognosis of L-LCNEC patients is worse 
than that of SCLC patients; however, the treatment 
currently used to treat early stage L-LCNEC differs to 
that used to treat SCLC. Some studies have shown that 
in advanced stage L-LCNEC, the objective response rate 
of platinum-based chemotherapy regimens for SCLC 
(37–52%) is higher than that of NSCLC regimens (12–
50%). However, patients’ responses are usually transient, 

with a median progression-free survival (PFS) time of 
4.6–6.1 months, and a poor median overall survival (OS) 
time of 10.2–11.1 months (19,21). Another study showed 
that patients with stage IIIB and IV L-CNEC who undergo 
chemotherapy have unfavorable outcomes, with a median 
PFS time of 5.2 months and OS time of 5.2 months (22).

The main characteristic of L-LCNEC IHC is the 
expression of neuroendocrine related markers, such as 
CD56, CgA, and Syn, which can be used as markers for the 
pathological differential diagnosis of NSCLC (23). In this 
article, we reported a rare case in which the patient was 
diagnosed with neuroendocrine carcinoma, which was likely 
to be large cell neuroendocrine carcinoma. The IHC results 
for a number of neuroendocrine markers, such as CD56, 
ChrA, and Syno, were positive.

Gene mutations in tyrosine kinases play essential roles 
in the pathogenesis of lung adenocarcinoma. Tumors 
harboring an ALK rearrangement can be successfully 
treated with ALK inhibitors. ALK rearrangement is most 
commonly observed in lung adenocarcinoma (24).

L-LCNEC harboring an ALK rearrangement is 
very rare, and at present, no large-scale clinical trials 
have been conducted on this disease. However, it has 
been reported that ALK-positive tumors usually express  
TTF-1 (25). In the present case, the patient was TTF-1  
positive (3+); however, after communication with the 
pathology department of our hospital, it was confirmed 
that the patient had simple L-LCNEC. Moreover, the 
TP53 + RB1 co-mutation was not detected in the patient’s 
genetic test results, and it is speculated that the patient had 
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a NSCLC-like subtype. 
At present,  the tumor treatment mode is  more 

individualized and precise than decades. The guidelines 
on NSCLC issued by the CSCO and the National 
Comprehensive Cancer Network both recommend that 
patients undergo polygenic testing to clarify their molecular 
typing. NGS was conducted to detect the rearrangement 
(fusion) of EML4-ALK (E13:A20) in our patient, which is 
the most common rearrangement (fusion) site. In recent 
years, several cases have reported that L-LCNEC has the 
ALK rearrangement. Indeed, the 2 earliest reported cases 
of L-LCNEC reported ALK rearrangement. The first case 
involved a 43-year-old female who had never smoked and 
received targeted treatment with crizotinib at the first line. 
After 6 weeks of treatment, she developed brain metastasis 
and skin metastasis, indicating that the tumor was resistant 
to crizotinib (9). The second case was a 60-year-old female 
who had never smoked and did not receive any ALK 
inhibitors (10). Additionally, Hayashi et al. (11) reported 
the case of a 75-year-old, non-smoking, female diagnosed 
with L-LCNEC with multiple liver and bone metastases. 
After 7 cycles of cytotoxic drug chemotherapy, her genotype 
test showed ALK rearrangement. She subsequently took 
alectinib. About 1 month later, the tumor markers neuron-
specific-enolase (NSE) and pro-gastrin-releasing peptide 
(ProGRP) decreased to the normal range, and 4 months 
later, the lung lesions were reduced from 21 to 16 mm, the 
liver lesions regressed, and the patient achieved PR. After 
6 months of treatment, positron emission tomography–CT 
showed that the disease was stable.

The patient in the present case was in the cT1cN3M0 
IIIB clinical stage, and there was no surgical indication at 
that time. The patient refused chemotherapy for personal 
reasons, and demanded targeted therapy.

Based on the results of Phase III clinical study of 
ALESIA (26). In 2018, China’s National Medical Products 
Administration approved alectinib for the treatment of 
ALK-positive locally advanced or metastatic NSCLC, 
including its use as a first-line and second-line drug after the 
treatment of progression of crizotinib. As the median PFS 
time of the first-line treatment of alectinib is 34.8 months, 
the CSCO guidelines recommend it as the first-line 
treatment for ALK-positive patients.

In the present case, after 1 month of targeted treatment 
with alectinib, the tumor was significantly reduced, and 
the patient achieved PR. The tumor was then regularly 
examined every 2 months, and continued to shrink. After 
1 year of treatment, the tumor was reviewed, and the PR 

status was maintained. In the initial stage of treatment, 
a grade 2–3 rash appeared, but after treatment, the rash 
quickly improved and did not re-appear. No other adverse 
reactions were observed and the patient was able to live and 
work normally.

A previous study has shown that palliative chemotherapy 
for SCLC is more suitable than NSCLC for advanced 
L-LCNEC (20). Immunotherapy has also been tried 
in the treatment of L-LCNEC (1,27-29). For patients 
who are suitable for targeted therapy, first-line targeted 
therapy is also a good choice, and more trials and studies to 
explore the best and appropriate treatment of L-LCNEC 
are needed in the future. In this case, it is a pity that 
ALK immunohistochemical test was not carried out for 
the patient initially, and we will improve the relevant 
immunohistochemistry later.

Conclusions

For NSCLC patients with unresectable stage III and 
a performance status of 0-1, it is recommended to 
conduct multidisciplinary team discussion, radical 
concurrent radiochemotherapy or Duvalizumab should 
be used as the consolidation treatment after concurrent 
radiochemotherapy as the Level I recommendation of the 
2020 COSO Guidelines. Targeted treatment is preferred 
for patients with stage IV drive gene positive NSCLC. But 
targeted treatment is also a good choice for patients with 
stage III who refuse radiochemotherapy and have gene 
mutations, in this case, the patient chose targeted therapy 
and refused chemotherapy and surgery, she has obtained 
good curative effect without obvious serious side effects and 
improved the quality of life.
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