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A B S T R A C T

Background: Although anaplastic lymphoma kinase tyrosine kinase inhibitors (ALK-TKIs) have
improved the survival rates of lung cancer patients with ALK fusion mutations, their effectiveness
varies significantly across different subtypes. We report a case of small intestine metastasis in a
lung adenocarcinoma patient with co-occurring echinoderm microtubule-associated protein-like
4 (EML4)-ALK fusion variant 3 (V3) and tumor protein 53 (TP53) mutations after distinct re-
sponses to ALK-TKIs.
Case presentation: A 45-year-old woman was diagnosed with stage IV lung adenocarcinoma with
brain metastasis. Next-generation sequencing revealed EML4-ALK V3 and TP53 co-mutations.
After the initial treatment with ensartinib, the patient experienced intracranial disease progres-
sion. Radiation therapy (RT) was then administered. Despite good response to RT for the intra-
cranial disease, the primary tumor enlarged. Thus, the patient was treated with oral ensartinib
concurrent with chemotherapy, with a partial response in both the primary tumor and intra-
cranial metastases. However, after three cycles of treatment, the patient discontinued chemo-
therapy because of acute kidney injury. Subsequent thoracic RT resulted in a partial response of
the primary tumor; however, new brain and bone metastases were detected, prompting a switch
to lorlatinib. The patient developed symptoms of intestinal obstruction 14 months after the initial
diagnosis. Surgical intervention revealed a poorly differentiated metastatic lung adenocarcinoma
of the upper jejunum. Genetic testing confirmed EML4-ALK V3 and TP53 co-mutations and high
expression of programmed cell death-ligand 1. Despite pembrolizumab treatment, the patient’s
condition deteriorated, and she passed away.
Conclusion: We reported a rare case of small intestinal metastasis in a lung adenocarcinoma pa-
tient with concurrent EML4-ALK V3/TP53 mutations after distinct responses to ALK-TKIs in
different lesions. Our findings revealed heterogeneity in ALK mutations and responses to ALK-
TKIs, necessitating the close monitoring of genetic subtypes and associated mutations for
tailored treatment strategies. Maintaining a heightened awareness of potential intestinal metas-
tasis and vigilance in monitoring intestinal symptoms and abdominal metastases are pivotal for
managing advanced lung adenocarcinoma.
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1. Introduction

Lung cancer is the leading cause of cancer-related death. It primarily comprises non-small cell lung cancer (NSCLC), which accounts
for 85 % of all lung cancer cases [1,2]. The major histological subtypes of NSCLC are squamous cell carcinoma and lung adenocar-
cinoma. Most NSCLC patients are diagnosed at an advanced stage with distant metastases. Metastases to the liver, bone, and brain are
frequently observed in lung cancer patients. The occurrence of gastrointestinal tract metastasis is relatively rare, ranging from
approximately 0.3 %–1.7 % [3], and the involvement of the lower gastrointestinal tract is even rarer. Notably, postmortem in-
vestigations have revealed a 4.6 % incidence of small intestinal metastases in NSCLC patients [4]. The higher rate of intestinal
metastasis observed in postmortem cases may be attributed to several factors. First, in many cases, metastasis of the tumor to the
intestines often does not exhibit noticeable symptoms and typically raises concerns among physicians only when severe complications,
such as intestinal obstruction or perforation, occur. Second, advancements in scientific technologies and medications have led to
prolonged patient survival and an increased risk of distant organ metastasis. Lung cancer patients with intestinal metastases have been
reported to have unfavorable prognoses [5].

Genetic testing and targeted therapy have significantly improved the survival outcomes of lung cancer patients with driver gene
mutations. Anaplastic lymphoma kinase (ALK) is a driver found in approximately 3%–7% of all lung adenocarcinoma cases [6]. Several
anaplastic lymphoma kinase tyrosine kinase inhibitors (ALK-TKIs) have been globally approved for the treatment of this type of lung
cancer. The first-generation ALK-TKI, crizotinib, has achieved breakthrough progress, leading to a significantly prolonged overall
survival of over 4 years [7]. Second-generation ALK-TKIs include ceritinib, alectinib, brigatinib. Among them, alectinib and brigatinib
have demonstrated superior efficacy compared to crizotinib, with a median progression-free survival (PFS) of >2 years [8–10].
Moreover, lorlatinib, a novel third-generation ALK-TKI, exhibits broader activity and effectiveness against certain ALK-resistant
mutations [11]. However, it is controversial whether lorlatinib can be used as a first-line treatment owing to its specific adverse events
that may affect patients’ quality of life. Ensartinib, a novel, potent, second-generation ALK-TKI, was developed to overcome crizotinib
resistance. The global, randomized eXalt3 trial demonstrated the superior systemic (PFS 31.3 vs. 12.7 months) and intracranial (ORR:
63.6 vs. 21.1 %) efficacy of ensartinib versus crizotinib in treatment-naïve patients with advanced ALK-positive NSCLC [12]. Based on

Fig. 1. Systemic treatment strategies: (A) Pre-treatment PET-CT revealing a hypermetabolic mass near the hilum of the right lower lung lobe,
accompanied by enlarged right supraclavicular lymph nodes and distal lung atelectasis, measuring approximately 4.8 cm × 2.8 cm. Brain-enhanced
MRI showing small metastases in the left frontal lobe cortex. (B) One-month follow-up after ensartinib treatment showed a reduction in the size of
the soft tissue mass in the right lower lobe, measuring approximately 2.8 cm × 3.5 cm. Additionally, new brain metastases were observed, with the
largest measuring about 1.3 cm. (C) Follow-up imaging on May 18, 2022, revealing an enlargement of the soft tissue mass in the right lower lobe,
measuring approximately 5.6 cm × 5.6 cm, while a reduction in the intracranial tumor size is observed. (D) Follow-up imaging on August 1, 2022,
indicating a reduction in the tumor in the right lower lobe of the lung, measuring approximately 3.8 cm × 3.6 cm. A significant reduction in brain
metastatic tumor size is noted. (E) Follow-up imaging on December 27, 2022, revealing a continued reduction in the tumor in the right lower lobe of
the lung and the development of a new metastatic tumor in the left temporal lobe, measuring approximately 1.8 cm × 1.2 cm. (F) PET-CT scan
conducted on January 26, 2023, revealing a marked reduction in size and reduced metabolic activity of the malignant tumor in the right lung.
Additionally, bone metastasis to the T12 vertebra and multiple small retroperitoneal lymph node metastases are observed. (G) Follow-up imaging on
February 15, 2023, showing a reduction in the right lung lesion, measuring approximately 0.8 cm × 0.9 cm. Changes observed in the left temporal
lobe tumor after radiation therapy. (H) Head MRI on April 4, 2023, indicating a new metastasis in the left parietal lobe, measuring approximately
2.7 cm × 1.5 cm. (I) Follow-up imaging on April 22, 2023, revealing stability in lung lesions, localized thickening of the small intestine wall in the
upper left abdomen, and multiple enlarged lymph nodes in the retroperitoneum, suggestive of metastasis.
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these data, ensartinib has been approved as a first-line treatment for ALK-positive NSCLC in China in 2022.
However, the treatment efficacy of ALK-TKIs may vary among the different subtypes of ALK-positive NSCLC. Patients with variant 3

(V3) exhibit poorer responses than those with variant 1 (V1) [13]. Patients with concurrent mutations in ALK, particularly those with
ALK and tumor protein 53 (TP53) co-mutations, also demonstrate inferior outcomes [14], with poorer outcomes in patients with
concurrent V3 and TP53 mutations [15].

Herein, we presented a case of lung adenocarcinoma with co-occurring ALK V3 and TP53 mutations. Despite initial ensartinib
treatment, the patient developed intracranial disease progression. The subsequent administration of lorlatinib showed limited
effectiveness. The patient developed small intestinal metastasis 14 months after diagnosis and ultimately passed away.

2. Case presentation

A 45-year-old non-smoking woman presented with persistent cough and chest discomfort on February 24, 2022. Positron emission
tomography-computed tomography (PET-CT) (Fig. 1A) revealed a highly metabolic mass near the hilum of the right lower lobe with
distal lung collapse, pleural effusion, and multiple hyper-metabolic lymph nodes in the mediastinal, right hilar, and supraclavicular
regions. Cranial magnetic resonance imaging (MRI) revealed scattered abnormal signals and enhancement in the left frontal cortex,
indicating potential metastatic lesions (Fig. 1 A). There was no evidence of visceral metastasis on CT. A pathological diagnosis of lung
adenocarcinoma was established based on a biopsy of the right supraclavicular lymph node (cT2N3M1, stage IV). Hematoxylin and
eosin (H&E) staining of the right supraclavicular lymph node was positive ( × 200) (Fig. 2A). Immunohistochemical analysis showed
positive staining for transcription factor-1 (TTF-1) (Fig. 2B) and Napsin A (Fig. 2C) ( × 100). Next-generation sequencing (NGS) using a
panel of 425 cancer-related genes (Nanjing Geneseeq Technology Inc., China) conducted on March 9, 2022, indicated echinoderm
microtubule-associated protein-like 4 (EML4): exon 6-ALK: exon 20 fusion (V3) (mutation abundance: lymph node 1.4 %, plasma 0.8
%). Reciprocal ALK translocation was detected in the plasma sample, albeit with a weak signal (one read at the ALK end and two at the
EML4 end), whereas no such signal was detected in the tissue sample. A TP53 mutation was detected in the plasma (0.7 %) but not in
the tissue sample. The programmed cell death-ligand 1 (PD-L1) testing on tissue polypeptide specific-antigen revealed a tumor pro-
portion score (TPS) of 60 %.

On March 10, 2022, the patient started ensartinib 225 mg orally once daily. One month later, efficacy evaluation showed intra-
cranial disease progression, while the primary tumor showed a partial response (Fig. 1B). NGS revealed a plasma EML4-ALK fusion
mutation abundance of 0.1 %; however, no mutations were detected in the cerebrospinal fluid. Additionally, no TP53 mutations were
identified. Consequently, the patient underwent radiation therapy (RT) with a prescribed dose of 45.5 Gy in 10 fractions (45.5 Gy/10f)
for the primary tumor and 30 Gy/10f for the whole brain. Imaging analyses performed on May 18, 2022 (Fig. 1C), indicated an increase
in the size of the primary tumor and a decrease in the size of the intracranial tumors. Concurrent with oral ensartinib, the patient was
administered a three-cycle chemotherapy regimen of pemetrexed and carboplatin. On August 1, 2022, follow-up imaging indicated
shrinkage of the primary lung lesion and brain metastases with a partial response (Fig. 1D). However, after three cycles of treatment,
the patient experienced acute kidney injury. Chemotherapy was discontinued, and the patient continued to receive oral ensartinib. On
August 17, 2022, the patient underwent localized RT targeting the primary tumor and corresponding lymphatic drainage area, with a
total dose of 59.92 Gy/28f.

Four months later, a follow-up assessment showed a reduction in the primary tumor size but also revealed intracranial disease
progression and a new metastatic lesion identified in the left temporal lobe (Fig. 1E). Subsequently, the patient underwent stereotactic
RT for newly diagnosed brain lesions at a total dose of 27Gy/3f. A PET-CT scan on January 26, 2023 (Fig. 1F), indicated notable
reductions in the primary tumor and intracranial tumors. However, bone metastasis to T12 and multiple small retroperitoneal lymph
node metastases were observed without abdominal abnormalities. Considering the intense pain in the twelfth thoracic vertebra, the
patient underwent RT at a dose of 30 Gy/10f. The patient was also administered oral lorlatinib (100 mg, once daily). The treatment was
well tolerated, and the patient did not experience any side effects. A subsequent follow-up examination (Fig. 1G) on February 15, 2023,
suggested a stable condition of the intracranial lesions and further reduction in the size of the primary tumor.

On April 4, 2023, the patient suddenly developed expressive aphasia. MRI revealed a new metastatic lesion in the left parietal lobe
(Fig. 1H). The patient underwent stereotactic RT at a prescribed dose of 27Gy/3f. The aphasia symptoms gradually resolved. On April
22, 2023, the patient presented with abdominal distension and difficulty in passing gas and stools. A CT scan (Fig. 1I) showed
thickening of the small intestinal wall in the left upper abdomen and multiple enlarged retroperitoneal lymph nodes, raising the
suspicion of metastatic tumors. Laparoscopic surgery revealed tumor infiltration in the mesentery and lumen of the upper jejunum,
with multiple nodules measuring approximately 1–3 cm in diameter located 30 cm–100 cm from the ligament of Treitz. Postoperative

Fig. 2. Biopsy pathologic images of the right supraclavicular lymph node. (A) Hematoxylin and eosin (H&E) staining is positive (H&E × 200).
Immunohistochemical (IHC) analysis showing positive staining for TTF-1 (B) and Napsin A (C) (IHC × 100).
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pathological examination indicated poorly differentiated metastatic lung adenocarcinoma (Fig. 3A). Immunohistochemical analysis
showed positive expression of thyroid transcription factor-1(Fig. 3C), negative expression of caudal-related homeobox 2 (Fig. 3B),
cytokeratin 7, and cytokeratin 20. Approximately 80 % of the cells stained positive for P53 (Fig. 3D) and 70 % stained positive for Ki-67
(Fig. 3E). Further assessment through NGS on May 17, 2023, confirmed the concurrent mutations of EML4-ALK V3 (plasma 17.15 %,
tissue 54.51 %) and TP53 (plasma 10.88 %, tissue 55.56 %). The patient exhibited high PD-L1 expression, with a TPS of 70 %. Despite
treatment with pembrolizumab (200 mg), the patient’s condition deteriorated with notable abdominal distension, ascites, pulmonary
infection, anemia, hypoalbuminemia, and coagulation dysfunction. The patient passed away on June 14, 2023.

3. Discussion

To our knowledge, this is the first documented case of EML4-ALK V3 and TP53 co-mutated lung adenocarcinoma with small in-
testine metastasis in a patient receiving ALK-TKIs. Despite being EML4-ALK fusion positive, the patient showed distinct responses to
ALK-TKIs. Considering the rarity of this occurrence and the limited response to targeted therapy, we recommend that clinicians pay
more attention to NSCLC patients with TP53 and EML4-ALK V3 co-mutations. Moreover, we should remain vigilant regarding the
potential of primary NSCLC to metastasize to the intestinal tract. Early and effective treatment is imperative for diagnosis.

Symptoms of lung cancer metastasizing to the intestine often manifest as bleeding, obstruction, or perforation, occasionally
accompanied by nonspecific symptoms such as fatigue, abdominal pain, and weight loss [16–19]. Consequently, such cases are
frequently misattributed to adverse reactions to anti-tumor treatment or other ailments, resulting in a delayed or even missed diagnosis
of intestinal metastasis until postmortem examination in some cases. In addition, gastrointestinal metastasis commonly arises during a
patient’s treatment journey, particularly in the advanced stages of the disease. This results in a limited number of reported cases at
baseline, contributing to the relative scarcity of literature on this subject. A mean time of 13.5 months (range: 3–49) from the diagnosis
of lung cancer to the detection of gastrointestinal metastasis was reported in a study of 2066 patients [5]. Compared to patients with
other distant metastases, patients with gastrointestinal metastasis have a poorer prognosis, with a mean survival time of 100.6 days
from the detection of gastrointestinal metastasis [5]. Our patient showed no symptoms of gastrointestinal metastasis at baseline.
Multiple retroperitoneal lymph node metastases were noted 11 months later, followed by the detection of intestinal obstruction in the
14th month. Subsequent surgical pathology confirmed metastasis to the small intestine, and the patient survived for an additional 49
days. Consequently, when lung cancer patients exhibit gastrointestinal symptoms, the possibility of gastrointestinal metastasis should
be carefully considered during a comprehensive evaluation. In cases of peritoneal metastasis, close monitoring of digestive symptoms
is imperative.

Gastrointestinal metastases in lung cancer can be mistaken for primary gastrointestinal tumors, intestinal tuberculosis, or a
diverticulum. Early stages often lack symptoms, necessitating reliance on imaging like CT and PET-CT scans, though they may have
limited sensitivity. Endoscopic examination with histopathology is the gold standard; however, metastasis in the submucosal layer
with intact mucosa can yield poor biopsy results, especially in deep sites of the small intestine. Immunohistochemical testing for TTF1,
CDX2, cytokeratin 7, and cytokeratin 20 can be instrumental in enhancing the diagnostic accuracy of primary and metastatic small
intestinal tumors, thus establishing a foundation for subsequent treatment [20]. In our case, abdominal CT revealed a thickening of the
small intestinal wall in the left upper abdomen, suggesting possible metastatic tumors. The immunohistochemical results supported the
diagnosis of lung adenocarcinoma metastasis. Currently, there is no standard treatment for gastrointestinal metastases of lung cancer.
Considering the patient’s condition and advice from a multidisciplinary team, we opted for palliative surgery. Postsurgical pathology
confirmed a poorly differentiated metastatic lung adenocarcinoma with EML4-ALKmutation. Although there are no specific reports on
the pathways of lung cancer metastasis to the gastrointestinal tract, blood and lymphatic dissemination are considered the most likely
routes. Notably, all the studies reviewed here were retrospective, indicating the existence of data selection bias.

Several ALK fusion partners have been identified, with EML4-ALK fusion being the most common and predominantly found in
young non-smoking patients with lung adenocarcinoma [21]. Based on the different exons involved in the EML4-ALK fusion, this

Fig. 3. (A) Hematoxylin and eosin (H&E) staining revealing adenocarcinoma (H&E × 400). Immunohistochemical (IHC) analysis showing negative
staining for CDX-2 (B) and positive staining for TTF-1 (C), p53 (D), and Ki-67 (E) (IHC × 100).
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fusion type can be further classified into different variants. Among these, V1 (involving exon 13 of EML4 and exon 20 of ALK) and
V3a/3b (involving exon 6a/b of EML4 and exon 20 of ALK) are the most common, accounting for 43 % and 40 % of the ALK-positive
NSCLC, respectively [22]. V3 shows poor efficacy, with 69 % of patients experiencing metastasis at initial diagnosis [23]. Among
patients with EML4-ALK-positive NSCLC, approximately 20 % exhibit TP53 mutations. Notably, TP53 mutations, along with EML4-ALK
V3, are associated with increased metastatic dissemination and poor prognosis [15]. The co-occurrence of TP53 mutations is an
adverse prognostic factor in ALK-positive patients. Compared to those with wild-type TP53, patients with ALK/TP53 co-mutations
have significantly reduced median PFS (3.9 months versus 10.3 months) and overall survival (15.0 months versus 50.0 months)
[24]. NSCLC patients with consistently negative TP53 expression during treatment have the best prognosis, while those with initially
positive TP53 expression have the poorest outcomes [25]. Lorlatinib reportedly leads to inferior PFS in NSCLC patients with
concomitant ALK and TP53 mutations [26]. Subgroup analysis of the Asian cohort in the eXalt3 trial indicated that patients with
baseline brain metastases had a median PFS of 11.8 months with ensartinib treatment, significantly surpassing the 7.5 months ach-
ieved with crizotinib [27]. Based on the genetic testing results of our patient, ensartinib was prescribed as the first-line treatment. The
patient initially responded to ensartinib treatment with a partial reduction in lung lesions but developed intracranial disease pro-
gression. The ALK fusion was negative in the cerebrospinal fusion. After RT for brain metastases, improvements in the intracranial
lesions were observed. The patient exhibited heterogeneity in lung and brain lesions. Therefore, although targeted drugs are effective
against primary tumors in patients with brain metastases, close monitoring of intracranial progression remains necessary. The
sensitivity of genetic testing in cerebrospinal fluid should not be overlooked. Subsequently, despite switching to the third-generation
ALK-TKI lorlatinib, the brain metastases continued to progress, further confirming the heterogeneity of the tumors. After the diagnosis
of intestinal metastases, dynamic NGS revealed persistent V3/TP53 co-mutations and increased TP53 abundance. It was speculated
that although third-generation TKI was effective against ALK, the TP53 mutation became the dominant subclone, leading to continued
disease progression. For this specific subtype, the patient exhibited some response to concurrent ensartinib and chemotherapy, but the
treatment had to be discontinued because of impaired renal function. Additionally, during the relatively stable disease phase with only
residual lesions in the lungs, localized RT was administered, leading to a partial response in the intrathoracic lesions until the patient’s
death. The brain metastases also responded well to RT, highlighting the advantages of a comprehensive treatment approach.

Although the patient showed high PD-L1 expression, we initially pursued targeted therapy in line with the principles of targeted
treatment. Owing to disease progression, we intended to initiate immunotherapy; however, the patient tested positive for the novel
coronavirus disease. After the patient tested negative, her condition rapidly deteriorated, and despite administering immunotherapy,
the response was suboptimal. Therefore, prioritizing frontline targeted therapy or implementing frontline immunotherapy with or
without chemotherapy remains a challenge.

A previous study by Zhang et al. indicated that patients with non-reciprocal/reciprocal ALK translocations accounted for 18.7 % of
those with ALK-rearranged NSCLC [28]. These patients had a notably shorter median PFS with first-line crizotinib therapy compared to
patients with solely 3′-ALK fusions (6.1 months versus 12.0 months, p = 0.001) or those with EML4-ALK fusions alone (6.1 m vs. 12.6
m, p = 0.001). The occurrence of non-reciprocal/reciprocal ALK translocations was an independent predictor of the therapeutic
effectiveness of crizotinib (p = 0.0046). Additionally, patients with non-reciprocal/reciprocal ALK translocations exhibited a higher
rate of brain metastases. A reciprocal ALK translocation was identified in the plasma sample of our case, albeit with a weak signal.
Conversely, no translocation was detected in tissue samples. This discrepancy may contribute to the suboptimal response to ALK-TKIs.
However, it is unclear whether other second-generation ALK-TKIs would yield similar results, warranting further investigation.

4. Conclusion

A middle-aged woman with advanced lung adenocarcinoma harboring EML4-ALK V3 and TP53 co-mutations developed small
intestinal metastases after distinct responses to ALK-TKIs. Primary resistance to ALK-TKIs in lung carcinoma is rare and complex, likely
owing to tumor heterogeneity, concurrent genetic mutations, reciprocal ALK translocations, and patient immunological profiles. The
investigation of these mechanisms is crucial. Clinicians should consider tumor histology and genetic testing for tailored treatments.
Timely diagnosis of intestinal metastases from lung cancer is vital for personalized treatment. Further refinement of the management
of ALK fusion-positive patients is clinically significant.
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