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Background: Cases of ALK-rearranged EGFR wild-type lung adenocarcinoma
(LUAD) transforming into small cell lung cancer (SCLC) are rarely reported, and
diagnosis is often delayed. The emergence of this transformation phenomenon is
often regarded as a consequence of acquired resistance mechanisms.

Case presentation: A 47-year-old male diagnosed with poorly differentiated
adenocarcinoma of the right middle lung (pT2N2MO, stage IlIA) achieved a 46-
month progression-free survival (PFS) following surgery and adjuvant
chemotherapy. During routine follow-up, tumor recurrence and metastasis
was detected. Genetic testing revealed ALK rearrangement and wild-type
EGFR, prompting treatment with ALK-TKIs. In May 2023, abdominal CT scans
showed significant progression of liver metastases and abnormal elevation of the
tumor marker NSE. Immunohistochemical results from percutaneous liver biopsy
indicated metastatic SCLC.

Results: After resistance to ALK-TKIs and transformation to SCLC, the patient
received chemotherapy combined with immunotherapy for SCLC, but the
patient’s disease progressed rapidly. Currently, the patient is being treated with
albumin-bound paclitaxel in combination with oral erlotinib and remains stable.

Conclusion: Histological transformation emerges as a compelling mechanism of
resistance to ALK-TKIs, necessitating the utmost urgency for repeat biopsies in
patients displaying disease progression after resistance. These biopsies are
pivotal in enabling the tailor-made adaptation of treatment regimens to
effectively counteract the assorted mechanisms of acquired resistance, thus
optimizing patient outcomes in the battle against ALK-driven malignancies.
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Introduction

Chromosomal rearrangements within the Anaplastic
lymphoma kinase (ALK) gene play a pivotal role in determining
the heightened sensitivity of a subset of non-small cell lung cancers
(NSCLC) to small molecule ALK tyrosine kinase inhibitors (ALK-
TKIs) (1). As per guideline recommendations, targeted therapy has
now become the primary standard of care for patients with locally
advanced and metastatic ALK-positive NSCLC (2). The advent of
ALK-TKIs, including first-generation crizotinib, second-generation
alectinib, brigatinib, and ensartinib, as well as third-generation
Lorlatinib, has significantly revolutionized treatment choices and
prognosis for individuals with ALK-positive NSCLC. Nevertheless,
it is essential to acknowledge the inevitability of drug resistance
alongside challenges like distant metastasis, the potential for severe
adverse effects, and a diminished quality of life encountered during
therapy (3). Common drug resistance mechanisms include
secondary mutations in ALK, amplification of ALK fusion gene
copies, and activation of bypass and downstream pathways (4).
While ALK-TKIs are still being updated and iterated to address
issues such as drug resistance, the silent phenomenon of SCLC
transformation does not appear to have received much attention.

Indeed, this transformation from NSCLC to SCLC occurs mostly
in patients resistant to EGFR-TKIs (5-7). This transformation has
been described as a mechanism of acquired resistance occurring in
approximately 5% of patients who develop resistance to EGFR-TKIs
(8). Despite case reports, transformation from NSCLC to SCLC due
to resistance to ALK-TKIs remains a rare phenomenon.

We present a case of a patient with NSCLC who developed
recurrence and metastasis after surgery, progressed and
transformed to SCLC after being resistant to treatment with ALK-
TKIs. Subsequent application of therapy targeting SCLC led to
transient control of the disease. The current treatment regimen is
albumin-bound paclitaxel in combination with anlotinib, and the
patient’s condition is still stable.

Case report

A 47-year-old male patient with a smoking history was admitted
for evaluation of mild discomfort in the right chest and back on 30th
November 2016. Physical examination revealed that the patient
had diminished breath sounds and audible rales in the right
middle lung. Chest CT revealed a nodular shadow near the hilum of
the right middle lobe, suggesting a high possibility of lung cancer with
enlarged mediastinal lymph nodes. The patient had mild hypertension,
no other diseases and no family history of tumors. After excluding
contraindications for surgery, the patient underwent video-assisted
thoracoscopic surgery for right middle lobe resection and

Abbreviations: NSCLC, non-small cell lung cancer; ALK-TKIs, ALK tyrosine
kinase inhibitors; SCLC, small cell lung cancer; LUAD, lung adenocarcinoma;
NSE, neural-specific enolase; SD, disease stability; PD, disease progression; EML4,
echinoderm microtubule-associated protein-like 4; PFS, progression-free
survival; CNVs, copy number variations; NGS, next-generation sequencing;

WES, Whole-exome sequencing.
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mediastinal lymph node dissection on 23rd December 2016.
Postoperative pathology revealed poorly differentiated adenocarcinoma
of the right middle lung (pT2N2MO, stage IIIA), with positive
immunohistochemical markers for CK, CK7, TTF-1, CgA, and Ki67
(40% positive staining) (Supplementary Figure 1). Starting from 17th
January 2017, the patient received four cycles of post-operative adjuvant
chemotherapy using the PP regimen (Pemetrexed 500mg/m* and
cisplatin 75mg/m* once every three weeks) (specific treatment
process illustrated in Figure 1), followed by regular outpatient follow-
ups. The patient achieved a PFS of 46 months postoperatively.

In early September 2020, the patient experienced occasional
hemoptysis. On October 19, 2020, a follow-up chest CT revealed
slightly increased multiple nodules in the mediastinum compared to
previous findings (Supplementary Figures 2A, B). An upper
abdominal MRI indicated hepatic metastases and enhanced
lesions in the lumbar vertebrae, suggesting bone metastasis
(Supplementary Figure 2C). These findings suggested tumor
recurrence and metastasis in the patient, prompting us to conduct
genetic testing on the patient (Jinyu Medical Laboratory Center,
Guangzhou, China). Due to the time required for waiting for
genetic testing results, considering the progression of the patient’s
condition and the patient’s desire for treatment, systemic
chemotherapy was administered as the first step. Starting from
November 1, 2020, the patient received two cycles of chemotherapy,
including pemetrexed 500mg/m” and Nedaplatin 80-100mg/m*
once every three weeks. After chemotherapy, patients exhibited
poor tolerance, characterized by Grade II gastrointestinal adverse
reactions and significant hematological adverse events. After
aggressive symptomatic treatment, the patient’s symptoms were
partially relieved. However, this led to a slight delay in subsequent
treatment. Concurrently, genetic testing revealed the patient’s
epidermal growth factor receptor (EGFR) mutation to be
negative, while harboring an ALK rearrangement. At the
beginning of 2021, the patient presented with lower back pain.
Physical examination revealed tenderness in the lumbar region,
without evidence of spinal deformities or signs of neural
involvement. Considering the patient’s symptoms and lumbar
spine MRI findings (Supplementary Figure 2D), we considered
that the lumbar pain is induced by bone metastasis. From March
to April of the same year, palliative radiotherapy was administered
to the L4 metastatic lesion in the lumbar spine at a dose of 39Gy in
13 fractions, whole-brain radiotherapy at a dose of 30Gy in 15
fractions, and a local boost of 12Gy in 6 fractions. The patient’s
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Patient’s treatment history and medication details.
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symptoms improved (additional brain metastasis images from the
patient can be seen in Supplementary Figure 3). Since genetic
testing revealed the presence of an ALK rearrangement, the
patient received oral crizotinib at a dose of 250 mg twice daily
after radiotherapy and achieved a PFS of 15 months. In June 2022, a
follow-up upper abdominal MRI showed progression of hepatic
lesions compared to previous findings. Patients opted into the
clinical trial after giving full informed consent. The patient’s
treatment was switched to TGRX-326 (a third-generation ALK/
ROS1 tyrosine kinase inhibitor) at a dose of 60 mg once daily to
continued targeted therapy, with disease stability (SD) as the
assessed treatment response, until April 24, 2023. The patient
achieved a PFS of 11 months. Subsequently, progressive disease
(PD) was observed (Figures 2A, B), leading to the patient’s
withdrawal from the clinical trial. Treatment was then switched
to oral administration of the third-generation targeted therapy drug
loratinib, at a dosage of 100mg once daily.

Patient revisited on 2023-05-22 and was found to have a high
level of neural-specific enolase (NSE), a tumor marker, reaching
287.6 ng/mL (Figure 3). Percutaneous liver biopsy was performed,
and pathological examination revealed metastatic small cell
carcinoma, most likely from the lungs. Immunohistochemistry
results showed: CD56 (+), CgA (+), broad-spectrum CK (+), P40
(-), TTE-1 (+), Ki-67 (+, 40%), CK7 (+), Napsin A(-), CK19 (+),
CDI10 (+), AFP (), GPC-3 (+), HSP70 (+), GS (+), HepPar-1 (-),
Syn (+) (Figure 4). Therefore, we transitioned the treatment
protocol to target SCLC. Starting from 2023-05-29, as palliative
first-line treatment following transformation of the pathological
type, the patient received treatment with 100mg/m? of etoposide on
days 1-3, carboplatin injection (AUC of 5 mg/ml/min) on day 1,
and 200mg of sintilimab on day 1, once every three weeks, for a total
of 4 cycles. After treatment, NSE was significantly reduced
compared to before and the patient achieved a PFS of 3 months.
On 2023-09-06, follow-up chest and abdominal CT scans indicated
increased lymph node metastasis in the mediastinum and multiple
liver lesions compared to previous scans (Figure 2C). In light of the
deterioration in the patient’s condition, we opted to switch to
paclitaxel-based medication as palliative second-line treatment for
SCLC. Starting on 8 September 2023, patients received a single
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course of systemic chemotherapy with intravenous albumin-bound
paclitaxel. Nevertheless, the patient’s tumor marker NSE continued
to rise. Considering the patient’s satisfactory physical condition
(with a PS score of 2) and tolerance, a combined approach with
anlotinib targeted therapy was initiated. On October 7, 2023, the
patient was readmitted for treatment and received intravenous
administration of albumin-bound paclitaxel at a dose of 260mg/
m?® every 3 weeks, along with concurrent oral administration of
anlotinib at a daily dosage of 8 milligrams, administered for two
weeks followed by a one-week break. After treatment, the patient’s
mental state and appetite were satisfactory and his condition was
stable (see Supplementary Table 1 for detailed patient information).

Discussion

Lung cancer is the leading cause of cancer-related deaths globally,
with NSCLC accounting for approximately 80-85% of lung cancer
cases (9). Up to 8% of NSCLC patients have an ALK rearrangement,
most commonly a fusion between ALK and the echinoderm
microtubule-associated protein-like 4 (EMLA4), resulting in an EML4-
ALK fusion that drives continuous cell proliferation and ultimately
tumor formation (10). Crizotinib is currently the standard first-line
therapy for ALK-positive NSCLC patients. However, due to various
resistance mechanisms, most patients experience relapse within one
year of treatment. The Phase Il CROWN Study demonstrated that
compared to the first-generation crizotinib, the third-generation ALK-
TKI lorlatinib can improve progression-free survival (PFS) and reduce
central nervous system progression in patients with advanced ALK-
positive NSCLC (11). Nonetheless, drug resistance remains inevitable,
with the most common mechanism being drug-resistant mutations in
ALK. Case report have demonstrated that the NSCLC patient with
ALK fusion mutations developed ALK fusion V1180L mutation and
transformed into SCLC after acquiring resistance to alectinib (12).
And, there was also a LUAD patient who developed ALK GI1202R
mutation and SCLC transformation after treatment resistance to
second-generation ALK-TKIs (13). Although these are rare case
reports, they carry significant implications. The poor response of
patients to ALK-TKIs not only suggests the potential emergence of

Sep 2023
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Changes in liver metastases on abdominal CT. (A) Images of liver metastases before monotherapy with crizotinib. (B) Images of the liver at the time
of disease progression following treatment with TGRX-326. (C) Hepatic imaging of disease progression following use of 4 courses of chemotherapy

combined with immunotherapy for SCLC.
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The profile of NSE in serum.

drug-resistant mutations but also necessitates consideration of the
possibility of SCLC transformation.

In fact, cases of transformation from NSCLC to SCLC occurred
mainly in patients with EGFR-mutated LUAD who were resistant to
EGFR-TKIs (5-7, 14). To explore the molecular mutational

10.3389/fonc.2024.1395654

mechanisms underlying this transformation, researchers have
conducted next-generation sequencing (NGS) or whole-exome
sequencing (WES) on samples from LUAD patients who
transformed into SCLC after developing resistance to EGFR-TKIs.
Multiple studies have consistently shown that this histological
transformation is closely associated with inactivation mutations in
the Retinoblastomal (Rbl) and TP53 genes, indicating that the
inactivation of Rbl and TP53 is an effective predictive factor for the
transformation of LUAD into SCLC (7, 8, 15-18). Additionally,
researchers reported a case of RET-rearranged LUAD transforming
into SCLC, with acquired resistance to pralsetinib. Molecular
analysis revealed the presence of the same RET fusion and TP53
mutation in the primary LUAD and recurrent SCLC (19).
Previously, a patient with ALK-rearranged NSCLC experienced
disease progression after treatment with ALK-TKIs, followed by
SCLC transformation. Genomic profiling revealed the retention of
ALK rearrangement, accompanied by inactivating Rbl mutation
(C706Y) and p53 exon deletion, which were not detected in the
original tumor tissue at diagnosis (13). This also provides evidence
supporting the significant roles of p53 and Rbl loss in SCLC
transformation. Additionally, other mutations possibly associated

FIGURE 4

Hematoxylin and eosin (H&E) staining and immunohistochemical staining (IHC) staining of the liver biopsy specimen. (A) H&E staining of the liver
biopsy specimen. (B-D) IHC staining confirmed positive for TTF-1, CgA and CD56. IHC staining confirms (E) AFP-negative and (F-H) CK, CK7 and
CK19-positive. IHC staining confirmed (I) CD10 positivity, (J) Napsin A negativity, (K) GPC-3 positivity, and (L) GS positivity. IHC staining confirmed
(M) HepPar-1 negativity, (N) HSP70 positivity, (O) Ki-67 positivity, and (P) P40 negativity.
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with transformation include PIK3CA mutation, WNK1 mutation,
etc. (20, 21). Furthermore, research suggests that the presence of
neuroendocrine differentiation in NSCLC may be one of the factors
leading to SCLC transformation (22). The origin of this
transformation from NSCLC to SCLC is a controversial topic, as
it is not entirely clear whether the original lung cancer tissue
harbored mixed components (23).

Transformed SCLC typically manifests rapid disease progression
and poses therapeutic challenges. Currently, there is no standardized
treatment strategy for patients who develop SCLC transformation after
resistance to ALK-TKIs. Chemotherapy combined with immunotherapy
is the most common treatment option. In the entirety of this patient’s
therapeutic journey, the regimen devised was personalized, integrating
the patient’s actual condition while adhering to treatment norms. For
instances, following the pathological transformation to SCLC,
commonly used treatment options carboplatin, etoposide, and
atezolizumab or durvalumab (24, 25), were not selected; rather,
carboplatin, etoposide, and sintilimab were chosen. The choice of
immunotherapeutic agents primarily stemmed from the patient’s
limited financial capacity, unable to afford imported PD-L1 inhibitors,
thus opting for domestically produced sintilimab in combination with
chemotherapy, yielding a 3-month PFS. Indeed, studies have
demonstrated that sintilimab can serve as maintenance therapy post-
chemotherapy for SCLC (26). The combination of sintilimab and
anlotinib as second-line or beyond therapy for extensive disease (ED)-
SCLC exhibits favorable antitumor activity with manageable toxicity
(27). Additionally, prior reports have shown the efficacy of sintilimab in
ED-SCLC refractory to multi-line treatments (28). Therefore, we opted
for this regimen. This case underscores the necessity, in clinical practice,
to tailor treatment approaches to individual patients by considering
treatment guidelines alongside factors such as the patient’s actual
physical condition and economic status.

According to the literature, it has been pointed out that a rapid
elevation of serum NSE and poor response to targeted drugs usually
indicate a transformation from LUAD to SCLC (29). This trend was
also observed in the present case, where a follow-up liver imaging
examination after approximately 26 months of taking ALK-TKIs
indicated disease progression and an elevated NSE level of 287.6ng/
ML (normal range: 0-12.5ng/ML). This also suggests that during
treatment, clinicians should monitor serum tumor markers or
perform genomic sequencing, especially in patients with disease
progression, as this may aid in the early detection of SCLC
transformation. Repeat biopsies may be performed if necessary,
and treatment plans can be adjusted promptly based on molecular
pathological examination results to achieve personalized and
comprehensive management of patients. Additionally, in this case,
despite developing drug resistance and multiple metastases during
the course of treatment, the patient’s survival time since the initial
diagnosis has over seven years. In a certain sense, regular follow-up
visits, improved doctor-patient communication, and enhanced
patient compliance hold great practical significance in improving
patient prognosis.
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Conclusion

This study reports a case of LUAD patient with postoperative
recurrence and metastasis who developed acquired resistance
and underwent SCLC transformation following treatment with
ALK-TKIs. This finding has influenced clinical practice,
highlighting the importance of dynamic assessment of tumor
markers and repeat biopsies when necessary. The results suggest
the necessity of early development of personalized treatment
plans for patients experiencing SCLC transformation after
ALK-TKIs resistance, with regular follow-up appointments and
timely adjustment of treatment strategies advised. This subset of
patients appears to exhibit faster disease progression compared to
typical SCLC patients.
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