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Molecular targeting and immunotherapy provide durable responses for advanced lung cancer clinical therapy in many patients. However, the mechanisms of occurrence of progressive disease and resistance to targeted therapy and immunotherapy have not been elucidated. Herein, we report two cases of small cell transformation of non-small cell lung cancer (NSCLC) after targeted therapy or immunotherapy. The first case was a 63-year-old female patient presenting with cough and expectoration. Left lung invasive adenocarcinoma was diagnosed after left lung tumor biopsy. After epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) targeted therapy for almost 2 years, disease progression and symptom aggravation were observed. Pathological and immunohistochemical staining results after biopsy revealed small cell lung cancer (SCLC). The second case was a 75-year-old male patient diagnosed with stage IV squamous cell carcinoma of the lung, who received carboplatin/paclitaxel adjuvant chemotherapy and pembrolizumab treatment with partial response. Disease progression and metastasis occurred within 15 cycles of immunotherapy. Computed tomography revealed a lower left lung tumor. Cytological examination of lung lavage fluid and biopsy under thoracoscope revealed SCLC. In conclusion, histological transformation to SCLC is a potential mechanism of NSCLC resistance to targeted therapy or immunotherapy. During treatment, clinicians should monitor serum tumor markers or genome sequencing, particularly in patients with disease progression, as this may be beneficial for early detection of SCLC transformation. Repeated biopsy can be performed if necessary, and the therapeutic regimen can be adjusted in a timely manner according to the results of molecular pathological tests for personalization and whole-process management.
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Introduction

Lung cancer is the most commonly diagnosed cancer and is the leading cause of cancer-related deaths (1). The World Health Organization (WHO) classifies lung cancer into two broad histological subtypes: non-small-cell lung cancer (NSCLC), which underscores 85% of cases, and small-cell lung cancer (SCLC), which accounts for the remaining 15%. NSCLC is further subdivided into adenocarcinoma, squamous-cell carcinoma, and large-cell carcinoma (2). Individualized treatment of lung cancer is crucial, and the therapeutic regimens for different subtypes and stages are distinct. The optimal strategy of treatment for stage I and II NSCLC is radical resection, and patients with high recurrence risk may receive combined postoperative radiotherapy (3). For unresectable locally advanced NSCLC, the standard treatment is immunotherapy and concurrent chemoradiation (4). In patients with SCLC, systemic treatment is required as the main or auxiliary treatment, even in the era of limited imaging. For patients with limited-stage SCLC, the goal of treatment is to be cured by chemotherapy and chest radiotherapy. Patients who are fit to undergo radical surgery should after evaluation be administered systemic treatment after surgery and selective mediastinal radiotherapy. Chemotherapy combined with immunotherapy is preferred in patients with extensive-stage SCLC. In addition, systemic therapy alone can alleviate symptoms and appropriately prolong survival in most patients, but long-term survival is generally rare (5). Epidermal growth factor receptor (EGFR) is one of the most common driving genes in NSCLC. Progress in molecular biology research has resulted in EGFR-tyrosine kinase inhibitors (EGFR-TKIs) emerging as the first-line treatment for patients with EGFR-mutant cancer. However, the majority of patients inevitably develop cross-acquired resistance after 9-13 months of treatment with first- and second-generation EGFR-TKIs through various mechanisms (6). The several mechanisms are associated with the development of acquired resistance to EGFR-TKIs, include T790M mutation, c-MET amplification, KRAS mutation, BIM polymorphism deletion, and PIK3CA gene mutations (7). The mechanism of EGFR-TKI resistance and treatment strategies after resistance have become the focus of basic and clinical research. Recently, a growing number of drugs targeting tumor drug resistance mechanisms and related signaling pathways have entered clinical trials. This has resulted in development of immunotherapy and widespread use of immune checkpoint inhibitors (ICI) for the treatment of patients with lung cancer. The 2020 update of the NCCN Oncology Clinical Practice Guidelines (NCCN Guidelines) recommends new first-line immunotherapy regimens for NSCLC, including pembrolizumab monotherapy, pembrolizumab in combination with chemotherapy, and atrizumab or bevacizumab in combination with chemotherapy (8). For example, the representative drug, pembrolizumab, is a highly selective humanized anti-PD-1 IgG4κ monoclonal antibody. Disrupting the binding of programmed death-1 (PD-1) and its ligand, the key immunomodulatory factor programmed cell death ligand 1 (PD-L1), blocks inhibitory signals in T cells and inhibits the CD8 cytotoxic immune response and resulting anti-tumor immune response (9, 10). Of note, a subset of patients treated with ICIs, such as PD-L1 inhibitors/PD-1 inhibitors, also exhibittransformation to SCLC. In this regard, the transformation of NSCLC to SCLC may constitute a mechanism of action of anti-PD-1/PD-L1 inhibitors.

A minority of patients present with small cell histomorphological transformation of NSCLC, including adenocarcinoma or squamous cell carcinoma, after targeted therapy or immunotherapy. However, transformation to SCLC is considered drug resistance, and the underlying mechanisms remain unclear (11, 12). The transformation of NSCLC to SCLC after targeted therapy or treatment with ICIs alone or in combination with other drugs as anti-tumor therapy has been reported (13–15). Here, we report a case of TKI resistance due to SCLC transformation and another case of tumor transformation from squamous cell carcinoma to SCLC during treatment with pembrolizumab. Our cases emphasize the importance of repeated biopsy in the treatment process and propose a possible source of transformed cells. In addition, we provide a review of the literature and summarize the clinical characteristics of rare SCLC transformation cases with PD-1 inhibitors (12, 15–23).



Case description


Case 1

A 63-year-old woman with no smoking history was admitted for cough and expectoration in June 2020. A computed tomography (CT) scan revealed a 3.3×2.5 cm mass in the lower left lung and multiple mediastinal lymph nodes (Figures 1A, B). After percutaneous puncture lung biopsy, the removed tissues were diagnosed pathologically by immunohistochemistry (IHC) and hematoxylin-eosin (H&E) staining (Figure 1C). IHC staining results indicated that both CK7 and napsin A were expressed in the cytoplasm and were strongly positive, while thyroid transcription factor 1 (TTF-1) was expressed in the nucleus and was positive (Figure 1D). The positive index of Ki-67 was 5%. The diagnosis of left lung invasive adenocarcinoma was considered based on the combined imaging and pathological biopsy results. The genetic testing results revealed EGFR mutation, and targeted therapy with EGFR-TKIs was recommended. The patient was commenced on gefitinib. At 5 months after chemotherapy, the patient presented with dry cough and chest tightness 1 week prior in November 2020. After admission, CT revealed malignant pleural effusion. Routine pleural effusion estimation results of carcinoembryonic antigen (CEA) level showed that they were abnormal and increased. By careful consultation, the patient had discontinued gefitinib for 5 months and switched to traditional Chinese medicine. By dialogue, resumption of targeted therapy usage with gefitinib was suggested. In August 2021, the patient presented with chest tightness and shortness of breath. CT scan results that were compared with previous 9-month images revealed partial enlargement of the left lung lesion and a large pleural effusion on the left side (Figure 1E). After symptom relief by pleural effusion drainage, the patient underwent thoracic perfusion. The patient’s symptoms and examination results indicated progressive adenocarcinoma of the left lung that was resistant to gefitinib. The use of third-generation targeted drugs or combined chemotherapy for follow-up treatment after completion of genetic detection of drug resistance in lung cancer was suggested, but this was rejected by the patient. In February 2022, the patient again presented with chest tightness, shortness of breath, and aggravation after activity. Enlarged lymph nodes with hard texture were palpable in the anterior left neck and outer quadrant of the left breast, with poor activity. Review of the chest CT compared to those obtained in August 2021 revealed progression of the lesion in the left lung, with multiple lymph node and organ metastases (Figure 1F). Biopsy was performed after the resection of a 2.0×1.5 cm tumor section on the left chest wall (Figure 1G). IHC staining revealed strong diffuse synaptophysin (Syn) immunopositivity in the cytoplasm, focal weak CD56 immunopositivity in the cell membrane (Figure 1H), and TTF-1 immunopositivity in the nucleus. The positive index of Ki-67 was 90%, and the patient was diagnosed with SCLC. Tumor markers, tested severally during the patient’s multiple hospitalizations revealed abnormally high CEA levels. Other indicators (CA199, human epithelial protein 4 (HE4), and ferritin) levels were also abnormal, and the last reexamination of serum tumor markers revealed significantly elevated neuron-specific enolase (NSE) levels to 159.00 ng/mL (normal range, 5-15 ng/mL). Suggested continuation of subsequent SCLC chemotherapy was rejected by the patient and her family. Unfortunately, due to progressive disease (PD), the patient eventually died in March 2022 due to respiratory failure caused by acute respiratory distress syndrome (ARDS) combined with acute right pulmonary edema.




Figure 1 | Radiographic and pathological images of Case 1. (A, B) A computed tomography (CT) scan at first visit showing a left lung mass with lung window and mediastinum window. (C) Biopsy specimens of the left lung mass revealed malignant cells with adenoid structure, abundant cytoplasm, eosinophilic, and round nuclei, suggesting infiltrating adenocarcinoma of the left lung (H&E staining, ×200 magnification). (D) Immunohistochemical (IHC) staining revealed transcription termination factor 1 (TTF-1) immunopositivity (TTF-1 staining, × 100 magnification). (E) CT scan showing progression of left pulmonary lesions after 14 months of gefitinib use. (F) CT scan showed multiple nodules and masses in the left lung. The lesions were increased, enlarged and fused compared with 5 months ago. Multiple enlarged lymph nodes were seen, and multiple metastasis was considered. (G) Biopsy after mass resection revealed malignant cells, which were small, round, and arranged in small nests, with minimal cytoplasm and hyperchromic nuclei (H&E staining, ×200 magnification). (H) IHC staining revealed diffuse strong positive expression of CD56 in cancer cells (CD56 staining, ×100 magnification). Morphology and immunohistochemistry were consistent with small cell lung cancer.





Case 2

A 75-year-old Chinese man with a smoking history of 40 pack-years presented with cough. A CT chest scan confirmed a space-occupying lesion on the left hilar and mediastinal lymph node enlargement in March 2020 (Figures 2A, B). Fiberoptic bronchoscopy revealed complete blockage of the upper lobe opening of the left lung. The specimens were biopsied under bronchoscopic guidance with strong positive IHC staining for P40 (Figure 2C) and P63 in the nucleus, and positive expression of CK5/6 and CK7 in the cytoplasm. The Ki-67 positive index was 60%. Specimens were negative for TTF-1 in the nucleus and for napsin-A and Syn (Figure 2D) in the cytoplasm. Even cornified pearls were observed in H&E sections (Figure 2E). The patient was diagnosed with left central squamous cell carcinoma with multiple metastases to both lungs . An adjuvant chemotherapy regimen of carboplatin-paclitaxel was administered and the first cycle of a PD-1 inhibitor, pembrolizumab, was commenced at a dose of 200 mg every 3 weeks from April 2020. The patient was treated for NSCLC with ICIs combined with chemotherapy and exhibited a partial response (Figures 2F, G). The patient completed 15 cycles of immunotherapy by September 2021. Compared to the CT findings in May 2021, a follow-up CT scan revealed tumor progression, metastases, and new lesions in the left lower lung (Figures 2H, I). Serum CEA levels were slightly high (9.27 ng/mL). Referring to the patient’s imaging data, clinicians considered the new lesions to be oligoprogression within an oligometastatic clinical situation. Surgical indications were evident, and the patient underwent neoplasm excision by thoracoscopy, with a 3.0 x 2.5 cm mass in the left lower lobe. Pathological biopsy by surgical excision of the specimen and IHC staining revealed weak focal immunopositivity for CD56, diffuse TTF-1 immunopositivity in the nucleus, and strong immunopositivity for Syn (Figure 2J) and CK7 in the cytoplasm. The Ki-67 positive index was 40%. Staining for P40 (Figure 2K), P63, napsin-A, and CK5/6 was negative. Biopsy revealed consistent characteristics with SCLC (Figure 2L). Gene sequencing results indicated the absence of EGFR mutation and ALK translocation. The patient was advised to continue follow-up treatment with ICIs. Immunotherapy with pembrolizumab was commenced in October 2021. As of September 2022, 20 cycles of treatment had been completed, with good clinical outcomes and no significant discomfort.




Figure 2 | Case presentation of transformation of lung squamous cell carcinomas to small cell lung carcinoma with pembrolizumab. (A, B) Chest CT scan showing a space-occupying lesion of the left hilar with mediastinum window and lung window. (C, D) Biopsied specimens subjected to IHC staining showed that P40 was strongly positive, and Syn was negative (P40 and Syn staining, ×100 magnification). (E) Based on resected specimens, the pathological diagnosis was lung squamous cell carcinoma (H&E staining, ×200 magnification). (F, G) The patient was treated with a regimen of ICIs combined with chemotherapy and exhibited a partial response. The lesion was significantly reduced in the mediastinum window and lung window than before treatment. (H, I) After completing 15 cycles of immunotherapy, CT scans revealed tumor progression and new lesions in the left lower lung in the mediastinum window and lung window. (J, K) IHC staining revealed strong Syn immunopositivity in the cytoplasm and negative staining for P40 (Syn and P40 staining, ×100 magnification). (L) Biopsy resulted in tumor diagnosis of small cell lung cancer (H&E staining, ×100 magnification). Rx, treatment; CT, computed tomography; H&E, hematoxylin and eosin; CBDCA, carboplatin; TAX, paclitaxel; Syn, synaptophysin.






Discussion

In this report, we describe small cell histomorphological transformation of NSCLC after immunotherapy (Case 1) and EFGR-TKI targeted (Case 2) therapy. The common features of both cases were as follows: (1) before the transformation to SCLC, the lesions in both cases were multicentric and imaging results revealed enlarged lymph nodes; and (2) transformation to neuroendocrine SCLC occurred in both cases. Moreover, differences between the two cases were as follows: (1) the patients were of different gender and the male patient had a long history of smoking; (2) the histological types prior to transformation were distinct, whereby Case 1 was lung adenocarcinoma and Case 2 was squamous cell lung carcinoma; (3) different driving genes and molecular changes led to the use of different therapeutic drugs, whereby EGFR-TKI was used for Case 1 and a PD-1 inhibitor was used for Case 2; (4) the patients exhibited distinct therapeutic effects. Case 1 was not sensitive to targeted therapy and showed PD, while Case 2 was sensitive to immunotherapy and stable disease (SD).

Targeted therapy with EGFR-TKIs is often the first-line treatment for lung cancers with EGFR-activating mutations. The most common resistance mechanism is a Thr790Met mutation in EGFR, which has been reported in 50-60% of resistant tumor samples (24). MET and HER2 amplify at low frequencies, accounting for another 15-20% of cases. Histological transformation of EGFR-mutated adenocarcinoma to SCLC was first reported in 2006 as a relatively rare mechanism of resistance (2). Among patients treated with EGFR-TKIs as targeted therapy, this mechanism accounts for 3-15% of transformation to SCLC, particularly transformation from adenocarcinoma to SCLC (25), which may constitute a potential mechanism of acquired drug resistance to EGFR-TKIs (26). Small cell transformation as a resistance mechanism for immunotherapy was first reported in 2017 by Imakita et al. (23). Since then, several similar cases have been reported, and the concept of small cell transformation is well known.

Epithelial-mesenchymal transformation (EMT) has been proposed as a mechanism of acquired resistance to EGFR-TKIs in several preclinical models. Deficiency in apoptosis leads to resistance of EGFR-TKIs in NSCLC with EGFR-mutation, and a reduction in apoptosis is often caused by the lack of expression of the pro-apoptotic gene, the Bcl-2 interacting mediator of cell death (BIM). EMT can antagonize the response to targeted therapy in lung cancer by inhibiting BIM (27). Furthermore, several studies have demonstrated that alveolar type II cells may be common precursors of both lung adenocarcinoma and SCLC. In this regard, SCLC and adenocarcinoma cells may originate from the same cancer stem cells or progenitor cells (28). In addition, amplification of MYC has been observed in the SCLC genome sequencing project. MYCL1 affects the proliferation of SCLC cells, and MYCL1 knockdown weakens the proliferation of SCLC cells, indicating that MYC plays a driving role in the occurrence of SCLC (29, 30). Transformation to SCLC occurs much less frequently in patients with non-EGFR mutations than in patients with EGFR-driven NSCLC (31). Genetic testing before treatment confirmed an EGFR mutation in Case 1, highlighting the risk of transformation. Patients with EGFR exon 19 deletion are also more likely to undergo transformation (26). Another study confirmed that the risk of SCLC transformation is six times higher in patients with concurrent EGFR, TP53, and RB1 mutations than in patients without mutations (25). Moreover, Achaete-scute homolog 1 (ASCL1) can interact with the Rb-p53 (by RB1, TP53 code, respectively) axis to promote the growth of adenocarcinoma with a higher degree of invasion (32).

SCLC transformation occurs predominantly in non-smoking Asian female patients with adenocarcinoma with EGFR-sensitive mutations (33). In this report, Case 1 was an elderly female with no history of smoking and a primary tumor with histological type of lung adenocarcinoma. The patient was treated with gefitinib, a representative drug of first-generation EGFR-TKIs, and exhibited self-discontinuation behavior during treatment. Offin et al. reported that overall survival (OS) was reduced after discontinuation of EGFR-TKIs compared to that in the normal treatment group (34). Our patient exhibited disease progression after 14 months on gefitinib and was considered resistant to gefitinib. The patient was advised to continue treatment with third-generation EGFR-TKIs. A representative drug, such as ositinib, was recommended for first-line treatment of advanced EFGR-mutated NSCLC based on mutations in Thr790Met (35), but the patient refused this recommendation. Transformation to SCLC was confirmed by biopsy after 6 months of continued disease progression. Due to the limited tissue samples available for this biopsy method, the histological type of the entire tumor could not be determined, the possibility that the primary tumor included an SCLC component could not be excluded (19).

In addition, TP53 and RB1 mutations may be used as predictors of phenotypic transformation in NSCLC with EGFR mutations. TP53 and RB1 double mutations are the most common gene mutations in SCLC. In particular, the incidence of RB gene inactivation in NSCLC-transformed SCLC is almost 100%. P53 and RB play key roles in cell cycle regulation (36, 37). However, genetic testing was not performed after transformation in Case 1. Hence, there was no evidence for the occurrence of TP53 and RB1 mutations in this patient. In addition, the rapid increase in NSE levels and rapid resistance to EGFR-TKIs were suggestive of the transformation of EGFR-positive lung adenocarcinoma to SCLC (38, 39). Indeed, the transformation of lung adenocarcinoma to SCLC is a risk factor when NSE levels are five-fold higher than normal (40). In our case, the patient also experienced a rapid increase in serum NSE levels prior to transformation, and transformation to SCLC was confirmed after secondary biopsy. Any additional treatment for NSCLC should consider the possibility of transformation to SCLC. In this regard, dynamic monitoring of serum NSE levels and genetic detection of TP53 and RB gene mutations can be used to predict disease progression and SCLC transformation during treatment of patients with EGFR-TKIs. These non-invasive techniques allow monitoring of a patient’s response to treatment. Notably, there is evidence supporting repeated biopsies and timely adjustment of treatment strategies after transformation. Several studies have confirmed that pro-gastrin releasing peptide (pro-GRP) can be used as a marker to predict the transformation from lung adenocarcinoma to SCLC (41). Indeed, this marker has higher diagnostic sensitivity and specificity for SCLC compared to NSE (42). For the clinicians, phenotypic transformation of SCLC poses a great challenge, because effective treatment regimens are lacking, and the precise mechanisms underlying transformation remain unclear. With the emergence of acquired resistance to EGFR-TKIs in patients in recent years, immunotherapy is being increasingly promoted as a treatment option for SCLC.

Compared with the phenomenon of small cell transformation after EGFR-TKI resistance, the use of PD-1 inhibitors for transformation is rare and retrospective studies are lacking. We systematically evaluated the literature and reviewed previous case reports of histological transformation in ICI resistance. We identified 15 cases of small cell transformation through immunotherapy from 10 articles. Relevant case information is presented in Table 1, which summarizes the clinical and genetic features of these cases. Among cases, 11 were men and 4 were women, with an average age of 69 years. Almost all patients had a history of smoking. The primary tumor types included squamous cell carcinoma, adenocarcinoma, and squamous cell carcinoma with neuroendocrine features. The patients were treated with immunosuppressants at the immune checkpoint, and the PD-1 inhibitors used included nivolumab, pembrolizumab, and sintilimab. The best responses to treatment were partial response, progression of disease, and stable disease. The period from the beginning of immunotherapy to the diagnosis of small cell carcinoma transformation ranged from 4 weeks to approximately 3 years. After detection of small cell transformation, regimens for treating SCLC were selected for follow-up treatment. Based on the available survival data of 11 cases, 9 cases died. The average survival time after small cell transformation was 9 months, and two cases exhibited good clinical therapeutic effects. The specific genomic information of these cases is presented in Table 1.


Table 1 | Case reports of histologic transformation treated with ICIs.



Case 2 was a 73-year-old male patient with an initial diagnosis of squamous cell carcinoma of the lung. A review of the literature revealed that the primary tumor was also predominantly squamous lung carcinoma. The mechanism of histological transformation after treatment with PD-1 inhibitors is thought to be similar to that with the use of EGFR-TKIs. In addition to the aforementioned potential mechanisms of transformation including EMT, RB1, and Tp53 inactivation; MYC amplification; and co-origin cells; another possibility is that the original tumor comprised two histological components (43). However, SCLC with neuroendocrine characteristics may have been missed due to insufficient pathological materials for mixed histological diagnosis. In the process of PD, the SCLC component dominates. With a decrease in the number of treatment-sensitive NSCLC cells, the SCLC components that initially existed in tumors with higher malignancy gradually dominate. Our patient received a carboplatin-paclitaxel combined chemotherapy regimen in addition to ICIs before the occurrence of drug resistance. As such, the influence of other drugs in the combined treatment regimen on histological transformation of the tumor should be considered. In addition, molecular genetic changes in patients during treatment were inadequately monitored.

Based on imaging results, our patient exhibited tumor progression after 15 cycles from the start of immunotherapy. Transformation was confirmed after surgical resection for biopsy, with no EGFR mutation or ALK translocation after transformation. The antitumor activity of pembrolizumab in patients with PD-L1-positive tumors has been demonstrated in a KEYNOTE-028 multi-cohort study (44). The patient is currently continuing treatment with pembrolizumab. After a thorough evaluation of the lesion, the metastase in the left lower lung that developed in this patient after immunotherapy was considered as oligometastatic. Oligometastasis is a transitional stage between a localized primary tumor and widespread metastases, defined as the presence of one to five metastases from a malignant tumor in a distant organ (45). The oligometastatic phase can occur in a variety of clinical situations: patients with a clear and limited number of metastases at diagnosis; patients with multiple metastases with limited residual disease after systemic therapy, or progression of only one lesion after conventional therapy (oligoprogression), or recurrence of localized lesions after treatment (oligorecurrence) (46). Regular monitoring of lesion progression or metastasis during targeted therapy or immunotherapy can help to detect the emergence of new clinical conditions such as oligometastasis in time. The adoption of aggressive local therapeutic approaches, for example, surgical resection, can then provide opportunities for disease control and good prognosis for patients (47). Researchers noted that surgery provided a better prognostic effect for the oligometastatic stage IV NSCLC. For example, when patients with NSCLC develop extrathoracic distant metastasis, the most common site is the brain, and the mean survival time in the group with and without complete surgical resection of brain metastases was 15.4 and 11.5 months, respectively (P=0.002). With adrenal metastases, the mean survival time was 31.1 and 11.3 months in the surgical and non-surgical resection groups, respectively (P=0.001) (48). These data indicate that surgery appears to provide survival benefit when patients develop oligometastasis during treatment.

Survival prognosis after the occurrence of SCLC transformation is poor due to the rapid progression of SCLC and limited surgical treatment. In patients with progressive disease, the average survival time is 6 months, and survival is correlated with smoking status (49). In our patients, after SCLC transformation, the elderly female patient (Case 1) developed a series of complications leading to rapid deterioration and death due to refusal to continue treatment, while the male patient (Case 2) is currently continuing immunotherapy and is in a good general condition.



Conclusion

In conclusion, we report two cases exhibiting transformation from NSCLC to SCLC after different treatment regimens. Our findings suggest that tumor cells may transform to a more aggressive histological type once resistance occurs, regardless of treatment with ICIs or EGFR-TKIs. The occurrence of histological transformation may be underscored by genomic mutations. This highlights the importance of monitoring serum tumor markers or repeated biopsy using genome sequence, Furthermore, multi-point sampling detection can conduct at the initial diagnosis to reduce the possibility of missed diagnosis of SCLC and facilitate the discovery of drug resistance mechanisms.
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