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26 Abbreviations

27 AJCC: American Joint Committee on Cancer

28 ABCP: atezolizumab plus bevacizumab plus carboplatin plus paclitaxel

29 CI: confidence interval

30 CgA: chromogranin A

31 CEA: carcinoembryonic antigen

32 DOR: duration of response

33 ES-SCLC: extensive-stage SCLC

34 EGFR-TKI: epidermal growth factor receptor tyrosine kinase inhibitor

35 ECOG PS: Eastern Cooperative Oncology Group performance status

36 ECT/EPT: etoposide plus carboplatin/cisplatin plus atezolizumab

37 FFPE: formalin-fixed paraffin-embedded

38 H&E: hematoxylin and eosin

39 HR: hazard ratio

40 ICIs: immune checkpoint inhibitors

41 IHC: immunohistochemistry

42 LUAD: lung adenocarcinoma

43 mPFS: median PFS

44 mOS: median OS

45 NSCLC: non-small cell lung cancer

46 NSE: Neuron-specific enolase

47 NGS: next-generation sequencing

48 NE: neuroendocrine

49 ORR: objective response rate

50 OS: overall survival
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51 P-SCLC: primary SCLC

52 PD-L1: programmed cell death-ligand 1

53 proGRP: pro-gastrin-releasing peptide

54 PFS: progression-free survival

55 PD: progressive disease

56 SCLC: Small-cell lung cancer

57 Syn: synaptophysin

58 T-SCLC: transformed SCLC

59 TPS: tumor proportion score
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61 Abstract

62 Introduction: The clinical outcomes of transformed small-cell lung cancer (T-
63 SCLC) was previously considered comparable with primary SCLC (P-SCLC). 
64 However, whether T-SCLCs and P-SCLCs differ in the era of immunotherapy 
65 remains unclear.

66 Methods: Clinical outcomes were retrospectively analyzed. Overall survival 
67 (OS) was estimated using the Kaplan–Meier method and Cox regression. 
68 Linear correlation and regression analyses were used to assess prognostic 
69 value of baseline neuron-specific enolase (NSE). Hierarchical clustering was 
70 used to group neuroendocrine (NE) markers of T-SCLC by 
71 immunohistochemical results.

72 Results: Between March 2018 and March 2023, 206 patients with T-SCLC (n 
73 = 42) and P-SCLC (n = 164) were enrolled in the study. The median OS (mOS) 
74 of T-SCLC cohort was significantly shorter than that of the P-SCLC cohort (11.7 
75 vs. 12.9 months, P = 0.033). In the T-SCLC cohort, the mOS of 
76 chemoimmunotherapy significantly outlasted that of chemotherapy (15.4 vs. 8.5 
77 months, P = 0.001). The optimal baseline NSE cutoff values differed between 
78 T-SCLC (19.7 ng/ml) and P-SCLC (74.8 ng/ml), and a high NSE level was 
79 associated with poorer mOS in both T-SCLC (10.0 vs. 16.5 months, P = 0.003) 
80 and P-SCLC (10.8 vs. 16.5 months, P < 0.001). The cluster with stronger 
81 expression of NE markers in T-SCLC exhibited longer mOS (14.3 vs. 10.3 
82 months, P = 0.030).

83 Conclusion: T-SCLC had a statistically poorer prognosis than P-SCLC, but the 
84 difference was modest. Chemoimmunotherapy might improve the outcomes of 
85 T-SCLC. Patients with T-SCLC who show stronger neuroendocrine features 
86 may have a poorer prognosis.

87 Keywords: Small cell lung cancer; Transformation; Treatment outcomes; Immunotherapy; 
88 Biomarkers.

89
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90 1. Introduction

91 Small-cell lung cancer (SCLC) comprises 13–15% of all lung cancer cases.1,2 
92 Due to its aggressive nature and early metastasis, two-thirds of the patients are 
93 initially diagnosed with extensive-stage SCLC (ES-SCLC), with a 5-year 
94 survival rate of < 7%.1-4 For decades, platinum-doublet chemotherapy 
95 dominated SCLC treatment, until the advent of immune checkpoint inhibitors 
96 (ICIs) significantly changed the therapeutic paradigm. 3,5-9 Recent studies have 
97 explored regimens combining anti-angiogenesis drugs (anlotinib and 
98 bevacizumab) with ICIs and standard chemotherapy, providing new treatment 
99 options for SCLC.10,11

100 Transformed SCLC (T-SCLC) is considered a special type of SCLC; 3–14% of 
101 non-small cell lung cancer (NSCLC) cases may histologically transform into 
102 SCLC following treatment with epidermal growth factor receptor tyrosine kinase 
103 inhibitor (EGFR-TKI). The pathological transformation was considered one of 
104 the mechanisms of resistance to EGFR-TKI.12-16 

105 Previous studies have reported that once histological transformation occurs, 
106 the clinical outcomes of T-SCLC treated with chemotherapy are comparable 
107 with those of primary SCLC (P-SCLC).16-18 Therefore, platinum-based 
108 chemotherapy is currently recommended for T-SCLC. However, the efficacy of 
109 chemotherapy plus programmed cell death-ligand 1 (PD-L1) inhibitors or TKI in 
110 this setting remains uncertain, and research on prognostic biomarkers for T-
111 SCLC is still limited.

112 Neuron-specific enolase (NSE) and pro-gastrin-releasing peptide (proGRP) are 
113 classic serum tumor markers used for the diagnosis, treatment response 
114 evaluation, and prognosis of SCLC.19-24 NSE is a superior biomarker for 
115 predicting outcomes in patients with SCLC compared with ProGRP.25 
116 Jorgensen constructed a survival prognosis model based on the analysis of 
117 NSE and other factors (stage, sex, and lactate dehydrogenase, among others). 
118 High levels of serum NSE are the most important negative indicator of 
119 prognosis.26 However, few studies have explored the relationship between NSE 
120 and the prognosis of T-SCLC. 

121 Here, we retrospectively compared the clinical outcomes of patients with T-
122 SCLC and those with P-SCLC in the era of immunotherapy, and we analyzed 
123 serum tumor markers and tissue immunohistochemical profiles to identify 
124 effective prognostic factors for T-SCLC.
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125 2. Materials and methods

126 2.1. Patient Selection and Study Design

127 This single-center retrospective study enrolled patients diagnosed with P-SCLC 
128 and T-SCLC at Guangdong Provincial People’s Hospital between March 2018 
129 and March 2023. The study was approved by the Research Ethics Committee 
130 of Guangdong Provincial People’s Hospital, Guangzhou, China (KY2025-053-
131 01). Written informed consent was obtained from all enrolled patients.

132 Patients were included in the study if they met the following criteria: P-SCLC 
133 cohort: histologically confirmed stage IVA or IVB (American Joint Committee 
134 on Cancer (AJCC) eighth edition), pure SCLC at initial diagnosis; T-SCLC 
135 cohort: histologically confirmed stage IVA or IVB (AJCC eighth edition), either 
136 pure or combined SCLC that transformed from NSCLC with EGFR mutation 
137 following EGFR-TKI therapy. 

138 Patients with limited-stage disease (n = 271), those who received best 
139 supportive care (n = 138), and those lost to follow-up after initial therapy (n = 
140 99) were excluded. Additionally, two patients with T-SCLC and one patient with 
141 P-SCLC who initiated ICIs after completing second-line (2L) treatment were 
142 excluded. One patient with T-SCLC harboring ALK-EML4 fusion and EGFR 
143 wild-type was also excluded (Fig. 1).

144 2.2. Data collection

145 The following clinical characteristics, treatment details and laboratory results 
146 were collected: age, sex, smoking status, Eastern Cooperative Oncology Group 
147 performance status (ECOG PS), TNM stage (AJCC eighth edition), brain 
148 metastasis status, pathological and immunohistochemistry (IHC) information, 
149 serum tumor markers, next-generation sequencing (NGS) data, treatment 
150 regimens, and survival outcomes. 

151 2.3. Study outcomes

152 Definition of baseline: In this study, we established the time of pathological 
153 transformation as the baseline for T-SCLC, and treatment initiated after 
154 transformation was defined as first-line (1L) treatment. The baseline for P-
155 SCLC was the date of initial pathological diagnosis of SCLC.

156 Treatment response was evaluated by the investigators based on the 
157 Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1). The 
158 Clopper–Pearson method was used to calculated the 95% confidence interval 
159 (CI) for the objective response rate (ORR).

160 For each line of therapy, progression-free survival (PFS) was defined as the 
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161 interval from treatment initiation to the first occurrence of radiographically 
162 confirmed progressive disease (PD) or death from any cause, whichever 
163 occurred first. Patients who did not experience PD or death during that line of 
164 therapy were censored at the date of their last disease assessment for that line.

165 Overall survival (OS) was defined as the interval from the initiation of 1L 
166 treatment to death from any cause. Patients without a recorded death at the 
167 time of last follow-up were censored. Notably, because of differing baseline 
168 definitions, OS for T-SCLC was measured from the time of histological 
169 transformation, while OS for P-SCLC was measured from the time of initial 
170 diagnosis. Therefore, comparisons between the two cohorts should be 
171 interpreted with caution. The data cut-off date was June 22, 2024.

172 2.4. Sample Collection

173 Tumor tissues were collected via tissue biopsy and prepared as formalin-fixed 
174 paraffin-embedded (FFPE) samples. Blood samples were collected with an 
175 anticoagulant. Genomic DNA was extracted using a TIANamp Genomic DNA 
176 kit (Tiangen Biotech, Beijing, China) following the manufacturer's instructions. 

177 2.5. IHC Staining and NGS

178 Formalin-fixed paraffin-embedded samples of lung cancer tissues were 
179 subjected to hematoxylin and eosin (H&E) and immunohistochemical staining. 
180 Immunohistochemical staining of Ki67, chromogranin A (CgA), synaptophysin 
181 (Syn), and CD56 (NCAM) were conducted. Positive cells were scored as 
182 expressing <10% (negative), 10% to 25% (1+), >25% to 75% (2+), and > 75% 
183 (3+). 

184 The PD-L1 tumor proportion score (TPS) was assessed using the DAKO 22C3 
185 antibody (Dako, Carpinteria, CA, USA).

186 Tissue and liquid biopsy samples from patients were submitted to two 
187 commercial laboratories, Burning Rock Biotech and Nanjing Geneseeq 
188 Technology Inc. (Nanjing, China), for genetic analysis. Targeted capture 
189 sequencing was performed using an Illumina sequencing platform (Illumina, CA, 
190 USA) with commercial panels to detect 168, 196, and 520 lung cancer-
191 associated gene alterations. NGS data were reanalyzed based on genes 
192 commonly detected across all panels.

193 2.6. Statistical Analysis

194 Descriptive statistics were used to summarize the patient characteristics. 
195 Continuous variables that followed a normal distribution were compared using 
196 Student's t-test, while non-normally distributed data were compared using the 
197 Mann-Whitney U test. Categorical variables were compared using Pearson’s 
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198 chi-square test or Fisher’s exact test. Median PFS (mPFS) and median OS 
199 (mOS) were estimated using the Kaplan–Meier method, with 95% CI calculated 
200 by log–log transformation. Survival differences between groups were compared 
201 using hazard ratio (HR) derived from Cox regression. The optimal cutoff value 
202 for baseline NSE was determined using the R package Survminer version 0.4.9, 
203 which minimizes the p-values of the maximally selected rank statistics in the 
204 survival analysis of OS. When conducting linear correlation and regression 
205 analyses, baseline NSE, carcinoembryonic antigen (CEA), and OS data were 
206 transformed, if necessary, to approximate a normal distribution. Clustering 
207 heatmaps were generated using the R package pheatmap version 1.0.12, 
208 employing hierarchical clustering based on Gower distance.

209 All statistics and figures were generated using GraphPad Prism version 10.1 
210 (GraphPad Software, San Diego, CA, USA), IBM SPSS Statistics version 24 
211 (IBM, Armonk, NY, USA), and R version 4.3.2. Two-sided P values < 0.05 were 
212 considered statistically significant.

213 3. Results

214 3.1. Patient characteristics

215 A total of 718 patients were screened, of whom 206 who met the eligibility 
216 criteria were enrolled in the P-SCLC (n = 164) and T-SCLC (n = 42) cohorts 
217 (Fig. 1). The median follow-up time was 32.4 months (95% CI: 28.4–34.6) for 
218 the P-SCLC cohort and 31.7 months for the T-SCLC cohort, with 95% CI not 
219 reached. The patients’ baseline characteristics for the two cohorts are 
220 summarized in Table 1.

221 Within the P-SCLC cohort, the median age at initial diagnosis was 63 years 
222 (interquartile range [IQR]: 57–68). The majority of patients were male (n = 156, 
223 95.1%) and smokers (n = 135, 82.8%). A total of 104 patients (63.4%) who 
224 received immunotherapy combined with chemotherapy as 1L or 2L treatment 
225 were enrolled in the P-SCLCchemo+I/O group, whereas the remaining 60 patients 
226 (36.6%) who received chemotherapy alone were enrolled in the P-SCLCchemo 
227 group.

228 Within the T-SCLC cohort, the median age at first diagnosis of SCLC 
229 transformation was 52.5 years (interquartile range [IQR]: 44.8–58.8). most 
230 patients were male (n = 24, 57.1%) and nonsmokers (n = 30, 71.4%). All 
231 patients were initially diagnosed with lung adenocarcinoma (LUAD) with EGFR 
232 mutations and received targeted therapy with EGFR-TKI until the LUAD 
233 pathologically transformed to SCLC. A total of 20 patients (47.6%) who received 
234 immunotherapy combined with chemotherapy ± anti-angiogenic therapy after 
235 SCLC transformation were enrolled in the T-SCLCchemo+I/O group, while the 
236 other 22 (52.4%) who did not receive immunotherapy were enrolled in the T-
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237 SCLCchemo group.

238 We compared the mutated genes in the P-SCLC (n = 20) and T-SCLC (n = 27) 
239 cohorts with the available baseline (as defined in Methods) NGS data. TP53 
240 (95%), RB1 (70%), KMT2D (25%), POLE (20%) and TERT (15%) were the 
241 most frequently mutated genes in the P-SCLC cohort, while EGFR (100%), 
242 TP53 (96%), RB1 (63%), PIK3CA (41%), PTEN (19%) and TERT (19%) were 
243 most common in the T-SCLC cohort (Supplementary Fig. 1A). TP53, RB1, 
244 PIK3CA, TERT, CREBBP, NTRK1, SOX2 and ERBB4 were frequently mutated 
245 in both cohorts (Supplementary Fig. 1B). 

246 3.2. Clinical outcomes of T-SCLC versus P-SCLC

247 A total of 42 patients with T-SCLC and 164 patients with P-SCLC were enrolled 
248 in this study. The mOS of T-SCLC was 11.7 months (95% CI: 9.8–14.8), 
249 significantly shorter than that of the P-SCLC cohort, which had a mOS of 12.9 
250 months (95% CI: 10.9–15.2, P = 0.033; Fig. 2A). 

251 Further analyses were conducted based on treatments. Among patients from 
252 the T-SCLC cohort treated with chemoimmunotherapy (regardless of 
253 bevacizumab) and chemotherapy (regardless of TKI), the mOS was 6.9 months 
254 longer in the T-SCLCchemo+I/O group (n = 20) than the T-SCLCchemo group (n = 
255 22) (T-SCLCchemo+I/O versus T-SCLCchemo: 15.4 months [95% CI: 11.0–17.3] 
256 versus 8.5 months [95% CI: 6.7–11.7], P < 0.001; Fig. 2B). Similarly, within the 
257 P-SCLC cohort, the mOS was significantly longer in the P-SCLCchemo+I/O group 
258 (n = 104) than the P-SCLCchemo group (n = 60) (P-SCLCchemo+I/O versus P-
259 SCLCchemo: 13.9 months [95% CI: 11.3–18.4] versus 11.0 months [95% CI: 9.0–
260 14.6], P = 0.014; Fig. 2B). Compared to chemotherapy alone, 
261 chemoimmunotherapy was a protective factor for OS in both the T-SCLC cohort 
262 (HR = 0.34, 95% CI: 0.17–0.65, P = 0.001) and the P-SCLC cohort (HR = 0.63, 
263 95% CI: 0.44–0.91, P = 0.014; Fig. 2B). We further compared the ORR to 
264 chemoimmunotherapy between the two groups. Among 20 evaluable cases in 
265 the T-SCLCchemo+I/O group, the ORR was 45% (95%CI: 23.1%-68.5%), whereas 
266 among 100 evaluable cases in the P-SCLCchemo+I/O group, the ORR was 52% 
267 (95%CI: 41.8%-62.1%). Similarly, for chemotherapy, 19 evaluable cases in the 
268 T-SCLCchemo group had an ORR of 26.3% (95%CI: 9.1%-51.2%), compared to 
269 44.1% (95%CI: 31.1%-57.6%) for 59 evaluable cases in P-SCLCchemo group.

270 3.3. The clinical outcomes based on different treatment strategies in T-
271 SCLC

272 We used a swimming plot to display treatment regimens and PFS for each line 
273 of therapy, aiming to assess their prognostic impact in patients with T-SCLC 
274 (Fig 3A). The most common regimens in the T-SCLCchemo+I/O group were 
275 atezolizumab plus bevacizumab plus carboplatin plus paclitaxel (ABCP) (60.0%, 
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276 12/20) and etoposide plus carboplatin/cisplatin plus atezolizumab (ECT/EPT) 
277 (25.0%, 5/20). The ABCP regimen (n = 12) achieved an ORR of 66.6% (95%CI: 
278 34.9%-90.1%), including 8 cases of PR, 1 of SD, and 3 of PD. By contrast, no 
279 patients treated with the ECT/EPT (n = 5) regimen achieved PR, with 2 showing 
280 SD and 3 showing PD. Furthermore, mPFS was 6.4 months (95% CI: 3.7–7.7) 
281 for the ABCP regimen versus 3.6 months (95% CI: 1.9–NA) for the ECT/EPT 
282 regimen, corresponding to a significantly lower hazard ratio of 0.26 (95% CI: 
283 0.07–0.92, P = 0.037; Supplementary Fig. 1C). Although not statistically 
284 significant, the ABCP regimen showed a numerically longer mOS of 15.1 
285 months (95% CI: 10.5–19.8) compared to 11.0 months (95% CI: 8.7–NA) with 
286 the ECT/EPT regimen, and a lower HR of 0.49 (95% CI: 0.16–1.49, P = 0.210; 
287 Supplementary Fig. 1D). The remaining 3 out of 20 patients were patients T5, 
288 T8 and T10. Patient T5 received 2L treatment with atezolizumab, bevacizumab, 
289 paclitaxel and osimertinib, resulting in a PFS of 5.5 months and a best response 
290 of SD. Patient T8 received 2L treatment with atezolizumab, bevacizumab and 
291 paclitaxel, resulting in a PFS of 2.5 months and a best response of PD. Patient 
292 T10 received 1L treatment with atezolizumab, carboplatin and paclitaxel, 
293 resulting in a PFS of 8.6 months and a best response of PR (Fig 3A).

294 We compared the 1L treatments to further evaluate the efficacy of 
295 immunotherapy and TKI for patients with T-SCLC. The mPFS for 1L 
296 chemotherapy alone (1L chemo; n = 9 ), chemotherapy plus TKI (1L chemo+TKI; 
297 n = 10), and chemotherapy plus I/O (1L chemo+I/O; n = 7; including 4 cases 
298 with bevacizumab and 3 without) was 4.4 months (95% CI: 1.1–6.7), 4.4 months 
299 (95% CI: 1.4–5.4), and 6.5 months (95% CI: 3.6–8.6), respectively. Compared 
300 with 1L chemo, the HR was 1.06 (95% CI: 0.42–2.71, P = 0.903) for 1L 
301 chemo+TKI and 0.40 (95% CI: 0.13–1.23, P = 0.110) for 1L chemo+I/O (Fig 3B). 
302 The mOS was comparable across all three regimens: 8.5 months (95% CI: 1.1–
303 15.9) with 1L chemo, 8.7 months (95% CI: 4.5–16.2) with 1L chemo+TKI, and 
304 10.5 months (95% CI: 8.7–NA) with 1L chemo+I/O, respectively. Compared 
305 with 1L chemo, the HR was 0.68 (95% CI: 0.25–1.84, P = 0.450) for 1L 
306 chemo+TKI and 0.45 (95% CI: 0.15–1.35, P = 0.153) for 1L chemo+I/O (Fig 
307 3C).

308 Of the 26 patients across the three treatment groups, 22 were evaluable for 
309 ORR assessment. The ORR was 25.0% (95%CI: 3.2%-65.1%) in the 
310 chemotherapy group (n = 8), 28.5% (95%CI: 3.7%-71.0%) in the chemotherapy 
311 plus TKI group (n = 7), and 57.1% (95%CI: 18.4%-90.1%) in the chemotherapy 
312 plus I/O group (n = 7).

313 We investigated the relationship between the duration of response (DOR) to 
314 TKI therapy before transformation and OS after transformation in T-SCLC 
315 patients. A total of 8 and 11 patients with available data were included in the 
316 analysis for the T-SCLCchemo and T-SCLCchemo+I/O groups, respectively. In the 
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317 T-SCLCchemo+I/O group, DOR was significantly correlated with OS (r = 0.61, P = 
318 0.044; Supplementary Fig. 2A), whereas no such correlation was observed in 
319 the T-SCLCchemo group (r = 0.16, P = 0.709; Supplementary Fig. 2B). 

320 Moreover, in the T-SCLCchemo+I/O group, there was no statistically significant 
321 difference in mOS between patients with EGFR L858R (n = 6) and those with 
322 EGFR 19del (n = 11) (L858R versus 19del: 15.5 months [95% CI: 10.5–NA] 
323 versus 16.5 months [95% CI: 12.8–19.8], P = 0.780; Supplementary Fig. 2C). 
324 Similarly, no significant difference was observed between EGFR L858R (n = 6) 
325 and EGFR 19del (n = 15) in the T-SCLCchemo group(L858R versus 19del: 9.7 
326 months [95% CI: 4.5–NA] versus 8.5 months [95% CI: 4.5–10.0], P = 0.224; 
327 Supplementary Fig. 2D).

328 3.4. NSE as a Useful Prognostic Indicator for both T-SCLC and P-SCLC

329 A total of 139 patients with P-SCLC and 38 patients with T-SCLC who have 
330 available baseline NSE and CEA data were enrolled in this analysis. The 
331 optimal cutoff value of baseline NSE levels in predicting prognosis differed 
332 between P-SCLC (74.8 ng/ml) (Supplementary Fig. 3A) and T-SCLC (19.7 
333 ng/ml) (Supplementary Fig. 3B). A high baseline NSE level was identified as a 
334 risk factor in both the P-SCLC cohort (HR = 1.94, 95% CI: 1.31–2.88, P < 0.001) 
335 and the T-SCLC cohort (HR = 3.28, 95% CI: 1.50–7.20, P = 0.003), and was 
336 associated with shorter mOS in both cohorts: 10.8 months (95% CI: 9.4–12.0) 
337 vs. 16.5 months (95% CI: 13.4–20.8) for P-SCLCNSE-H vs. P-SCLCNSE-L (Fig. 
338 4A), and 10.0 months (95% CI: 7.5–12.6) vs. 16.5 months (95% CI: 10.0–19.8) 
339 for T-SCLCNSE-H vs. T-SCLCNSE-L (Fig. 4B).

340 A three-dimensional scatter plot was constructed to explore the predictive value 
341 of serum tumor markers in patients with T-SCLC (Fig. 4C). Baseline NSE, CEA, 
342 and OS data were transformed to approximate a normal distribution. According 
343 to the results of the linear correlation analysis, baseline CEA (transformed to 
344 “SQRT(LN(CEA*10))”) (SQRT stands for square root, LN stands for natural 
345 logarithm) and OS did not show a significant linear correlation (r = -0.20, P = 
346 0.272). However, there was a linear correlation between baseline NSE 
347 (transformed to “10-100/NSE”, as variable X)) and OS (as variable Y), and 
348 further simple linear regression analysis was performed to calculate the 
349 regression equation: Y = -1.483*X + 21.05 (r = -0.68, P < 0.001). In patients 
350 with P-SCLC, no significant linear correlation was found between baseline NSE 
351 (transformed to “LN(NSE)”) and OS (transformed to “SQRT(OS)”) (r = -0.13, P 
352 = 0.184) (Supplementary Fig. 3C).

353 3.5. Stronger expression of neuroendocrine (NE) markers in IHC indicated 
354 poorer outcomes for T-SCLC

355 We analyzed the expression of three common NE markers—CgA, Syn, and 
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356 CD56 (NCAM)—in P-SCLC (n = 136) and T-SCLC (n = 36), both of which had 
357 available IHC data. Marker expression was assessed using a four-level 
358 intensity scale: negative, 1+, 2+, and 3+. Except for CgA (P = 0.021), no 
359 significant differences were observed in the expression of Syn (P = 0.175) and 
360 CD56 (P = 0.402) between the two groups (Fig. 5A).

361 However, when the data were re-analyzed (Supplementary Fig. 3D) using a 
362 binary classification (3+ vs. all other levels), T-SCLC showed a significantly 
363 higher proportion of 3+ expression for CgA (11.1% vs. 0.7%, P = 0.007) and 
364 Syn (44.4% vs. 25.7%, P = 0.047) compared to P-SCLC. No significant 
365 difference was observed for CD56 (3+ expression: 66.7% in T-SCLC vs. 72.8% 
366 in P-SCLC; P = 0.605). Patients with T-SCLC were clustered into two groups 
367 according to the three NE markers (Fig. 5B). Most patients in the NE-high (NE-
368 H) group (16/18) exhibited strong (3+) expression of at least two NE markers, 
369 whereas all patients in the NE-low (NE-L) group (n = 18) showed strong 
370 expression (3+) for fewer than two NE markers. The mOS of patients in the NE-
371 H group was 10.3 months (95% CI: 7.6–12.8), which was significantly shorter 
372 than the 14.3 months (95% CI: 8.7–19.0) observed in the NE-L group, with a 
373 HR of 2.35 (95% CI: 1.09-5.08, P = 0.030; Fig. 5C).

374 Patients with P-SCLC were clustered into two groups using the same method 
375 (Supplementary Fig. 3E). However, subsequent survival analysis showed no 
376 significant difference in mOS between the two groups (NE-H vs. NE-L: 12.6 
377 months [95% CI: 10.4–14.6] vs. 15.3 months [95% CI: 9.8–42.3]), with a HR of 
378 1.74 (95% CI: 1.00–3.03, P = 0.050) for the NE-H group (Supplementary Fig. 
379 3F).

380 4. Discussion

381 By restricting the enrollment period to March 2018 to March 2023, this 
382 retrospective study is the first to compare therapeutic strategies and clinical 
383 outcomes between patients with T-SCLC and P-SCLC during the era of 
384 immunotherapy. Although patients with T-SCLC showed a statistically 
385 significant poorer prognosis (mOS: 11.7 vs. 12.9 months), the difference was 
386 relatively small.

387 The mOS of 1L chemoimmunotherapy (including 4 cases with bevacizumab 
388 and 3 without) was only numerically longer than that of 1L chemotherapy alone, 
389 without reaching statistical significance. These findings are consistent with the 
390 results reported by Felix et al, although it should be noted that their 
391 chemoimmunotherapy regimen did not include bevacizumab.27

392 However, when patients who received 1L or 2L chemoimmunotherapy 
393 (regardless of bevacizumab) were included in the T-SCLCchemo+I/O group, we 
394 found that chemoimmunotherapy significantly improved the mOS for T-SCLC, 

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



13

395 extending the mOS by approximately 6.9 months compared with chemotherapy 
396 alone. This finding is consistent with a previous study involving 47 patients with 
397 T-SCLC, of whom only 11 received chemoimmunotherapy.28 In our study, we 
398 included a balanced sample size between the T-SCLCchemo+I/O group (n = 20) 
399 and the T-SCLCchemo group (n = 22), and limited the use of PD-L1 inhibitors to 
400 1L and 2L settings. This design provides more complete data (only one case 
401 censored) and further supports PD-L1 inhibitor–based combinations in T-SCLC, 
402 although the influence of bevacizumab use and treatment lines in the T-
403 SCLCchemo+I/O group could not be controlled due to the small sample size.

404 Further studies are needed to evaluate the efficacy of the ABCP regimen 
405 compared to ECT/EPT in T-SCLC. Marcoux et al. reported that paclitaxel might 
406 yield a relatively higher clinical response rate in T-SCLC than in P-SCLC. 18 
407 Based on the findings from previous studies, such as IMpower15029 and 
408 ATTLAS30, we consider that the ABCP regimen may be effective in treating both 
409 SCLC and potential residual NSCLC components in T-SCLC. However, in our 
410 study, ABCP showed only a trend of mOS improvement compared to ECT/EPT, 
411 without reaching statistical significance. Nevertheless, notable improvements in 
412 PFS and ORR were observed with the ABCP regimen. These results should be 
413 interpreted with caution due to the small sample size and variation in treatment 
414 lines, which may have introduced bias.

415 Our study found no mPFS or mOS benefit from adding 1L TKI to chemotherapy 
416 in patients with T-SCLC. Similarly, a multicenter study showed only a 
417 numerically longer mPFS and comparable mOS with the combination 
418 treatment.27 In contrast, a single-center study from China reported a 
419 significantly longer mPFS with TKI plus chemotherapy, but no significant 
420 difference in mOS was observed.31 Our findings, along with evidence from 
421 multiple studies, suggest that the use of TKI combined with chemotherapy in T-
422 SCLC should be carefully considered.

423 Our analysis of serum NSE levels and tumor IHC profiles suggests that a 
424 stronger NE phenotype may be associated with poorer prognosis in T-SCLC. 
425 Higher baseline NSE levels were associated with shorter mOS in both P-SCLC 
426 and T-SCLC. The difference in average baseline NSE levels may have 
427 contributed to the variation in optimal cutoff values, indicating underlying 
428 biological differences between the two subtypes. Therefore, when estimating 
429 prognosis based on baseline NSE levels, it is important to consider the 
430 differences between P-SCLC and T-SCLC. Further analysis indicated that 
431 although T-SCLCs may retain LUAD components, OS was not associated with 
432 baseline CEA levels. In addition, based on the IHC results, T-SCLC were 
433 classified into two clusters. Cluster NE-H had a higher expression of three NE 
434 markers (CgA, Syn, and CD56) and a significantly worse prognosis than cluster 
435 NE-L. The stronger NE marker expression in cluster NE-H may indicate a more 
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436 complete pathological transformation, making these tumors more similar to P-
437 SCLC. Previous studies have suggested that higher levels of NE differentiation 
438 may be associated with increased tumor aggressiveness32,33, which may 
439 contribute to the poorer prognosis observed in the NE-H group. 

440 Our study is subject to the inherent biases of a single-center, retrospective 
441 design. Additionally, the small sample size in the T-SCLC cohort limited our 
442 analysis, so we had to include patients who received 2L chemoimmunotherapy 
443 and were unable to fully account for the potential confounding effect of 
444 bevacizumab. Future prospective studies are warranted to clarify the role of 
445 bevacizumab in T-SCLC. When analyzing treatment regimens, there is also a 
446 potential selection bias: patients with a better performance status and fewer 
447 side effects are more likely to receive multi-drug combination treatment, such 
448 as the ABCP regimen. Besides, due to substantial missing data, we were 
449 unable to perform an analysis of ProGRP, which warrants further investigation 
450 into its potential prognostic value in T-SCLC. Finally, the insufficient tissue 
451 samples limited further exploration of how NE-related pathways influence the 
452 prognosis of T-SCLC.

453

454 5. Conclusion

455 The prognosis of T-SCLC was statistically poorer than that of P-SCLC, but the 
456 difference was modest. Our findings suggest a potential benefit of 
457 chemoimmunotherapy in T-SCLC, providing valuable insights for treatment 
458 selection, though further validation in prospective studies is needed. Stronger 
459 NE features, reflected by baseline NSE levels or IHC NE markers, may indicate 
460 a poorer prognosis in T-SCLC.

461 Data Availability

462 The datasets used and/or analyzed during the current study are available from 
463 the corresponding author on reasonable request.

464 Competing interests

465 The authors declare that they have no competing interests.

466 Acknowledgements

467 We thank all the patients and their families for participating in this study.

468 Funding

469 This work was supported by the National Natural Science Foundation of China 

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



15

470 [grant number 81972164], Guangdong Provincial Key Lab of Translational 
471 Medicine in Lung Cancer [grant number 2017B030314120].

472

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



16

473 References

474 1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin. 2022/01// 
475 2022;72(1):7–33. doi:10.3322/caac.21708

476 2. Megyesfalvi Z, Gay CM, Popper H, et al. Clinical insights into small cell lung cancer: Tumor 
477 heterogeneity, diagnosis, therapy, and future directions. CA Cancer J Clin. 2023 2023;73(6):620–652. 
478 doi:10.3322/caac.21785

479 3. Gazdar AF, Bunn PA, Minna JD. Small-cell lung cancer: what we know, what we need to know 
480 and the path forward. Nature Reviews Cancer. 2017/12// 2017;17(12):725–737. doi:10.1038/nrc.2017.87

481 4. Rudin CM, Brambilla E, Faivre-Finn C, Sage J. Small-cell lung cancer. Nat Rev Dis Primers. Jan 
482 14 2021;7(1):3. doi:10.1038/s41572-020-00235-0

483 5. Evans WK, Shepherd FA, Feld R, Osoba D, Dang P, Deboer G. VP-16 and cisplatin as first-line 
484 therapy for small-cell lung cancer. J Clin Oncol. 1985/11// 1985;3(11):1471–1477. 
485 doi:10.1200/JCO.1985.3.11.1471

486 6. Hirsch FR, Hansen HH, Hansen M, et al. The superiority of combination chemotherapy including 
487 etoposide based on in vivo cell cycle analysis in the treatment of extensive small-cell lung cancer: a 
488 randomized trial of 288 consecutive patients. J Clin Oncol. 1987/04// 1987;5(4):585–591. 
489 doi:10.1200/JCO.1987.5.4.585

490 7. Horn L, Mansfield AS, Szczęsna A, et al. First-Line Atezolizumab plus Chemotherapy in 
491 Extensive-Stage Small-Cell Lung Cancer. N Engl J Med. 2018/12/06/ 2018;379(23):2220–2229. 
492 doi:10.1056/NEJMoa1809064

493 8. Paz-Ares L, Dvorkin M, Chen Y, et al. Durvalumab plus platinum-etoposide versus platinum-
494 etoposide in first-line treatment of extensive-stage small-cell lung cancer (CASPIAN): a randomised, 
495 controlled, open-label, phase 3 trial. Lancet. 2019/11/23/ 2019;394(10212):1929–1939. 
496 doi:10.1016/S0140-6736(19)32222-6

497 9. Cheng Y, Han L, Wu L, et al. Effect of First-Line Serplulimab vs Placebo Added to Chemotherapy 
498 on Survival in Patients With Extensive-Stage Small Cell Lung Cancer: The ASTRUM-005 Randomized 
499 Clinical Trial. JAMA. 2022/09/27/ 2022;328(12):1223–1232. doi:10.1001/jama.2022.16464

500 10. Cheng Y, Chen J, Zhang W, et al. Benmelstobart, anlotinib and chemotherapy in extensive-stage 
501 small-cell lung cancer: a randomized phase 3 trial. Nat Med. 2024/07/11/ 2024;doi:10.1038/s41591-024-
502 03132-1

503 11. Ohe Y, Han B, Nishio M, et al. BEAT-SC: A randomized phase III study of bevacizumab or placebo 
504 in combination with atezolizumab and platinum-based chemotherapy in patients with extensive-stage 
505 small cell lung cancer (ES-SCLC). 2024;42(16_suppl):8001–8001. 
506 doi:10.1200/JCO.2024.42.16_suppl.8001

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



17

507 12. Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor specimens at the time of acquired 
508 resistance to EGFR-TKI therapy in 155 patients with EGFR-mutant lung cancers. Clin Cancer Res. 
509 2013/04/15/ 2013;19(8):2240–2247. doi:10.1158/1078-0432.CCR-12-2246

510 13. Sequist LV, Waltman BA, Dias-Santagata D, et al. Genotypic and histological evolution of lung 
511 cancers acquiring resistance to EGFR inhibitors. Sci Transl Med. 2011/03/23/ 2011;3(75):75ra26. 
512 doi:10.1126/scitranslmed.3002003

513 14. Piper-Vallillo AJ, Sequist LV, Piotrowska Z. Emerging Treatment Paradigms for EGFR-Mutant 
514 Lung Cancers Progressing on Osimertinib: A Review. J Clin Oncol. 2020/06/18/ 2020:JCO1903123. 
515 doi:10.1200/JCO.19.03123

516 15. Quintanal-Villalonga Á, Chan JM, Yu HA, et al. Lineage plasticity in cancer: a shared pathway of 
517 therapeutic resistance. Nat Rev Clin Oncol. 2020/06// 2020;17(6):360–371. doi:10.1038/s41571-020-
518 0340-z

519 16. Oser MG, Niederst MJ, Sequist LV, Engelman JA. Transformation from non-small-cell lung cancer 
520 to small-cell lung cancer: molecular drivers and cells of origin. Lancet Oncol. 2015/04// 
521 2015;16(4):e165–172. doi:10.1016/S1470-2045(14)71180-5

522 17. Ferrer L, Giaj Levra M, Brevet M, et al. A Brief Report of Transformation From NSCLC to SCLC: 
523 Molecular and Therapeutic Characteristics. J Thorac Oncol. 2019/01// 2019;14(1):130–134. 
524 doi:10.1016/j.jtho.2018.08.2028

525 18. Marcoux N, Gettinger SN, O'Kane G, et al. EGFR-Mutant Adenocarcinomas That Transform to 
526 Small-Cell Lung Cancer and Other Neuroendocrine Carcinomas: Clinical Outcomes. J Clin Oncol. 
527 2019/02/01/ 2019;37(4):278–285. doi:10.1200/JCO.18.01585

528 19. Yip D, Harper PG. Predictive and prognostic factors in small cell lung cancer: current status. Lung 
529 Cancer. 2000/06// 2000;28(3):173–185. doi:10.1016/s0169-5002(00)00105-7

530 20. Fizazi K, Cojean I, Pignon JP, et al. Normal serum neuron specific enolase (NSE) value after the 
531 first cycle of chemotherapy: an early predictor of complete response and survival in patients with small 
532 cell lung carcinoma. Cancer. 1998/03/15/ 1998;82(6):1049–1055. doi:10.1002/(sici)1097-
533 0142(19980315)82:6<1049::aid-cncr6>3.0.co;2-9

534 21. Hirose T, Okuda K, Yamaoka T, et al. Are levels of pro-gastrin-releasing peptide or neuron-specific 
535 enolase at relapse prognostic factors after relapse in patients with small-cell lung cancer? Lung Cancer. 
536 2011/02// 2011;71(2):224–228. doi:10.1016/j.lungcan.2010.05.004

537 22. Carney DN, Marangos PJ, Ihde DC, et al. Serum neuron-specific enolase: a marker for disease 
538 extent and response to therapy of small-cell lung cancer. Lancet. 1982/03/13/ 1982;1(8272):583–585. 
539 doi:10.1016/s0140-6736(82)91748-2

540 23. Maruno K, Yamaguchi K, Abe K, et al. Immunoreactive gastrin-releasing peptide as a specific 
541 tumor marker in patients with small cell lung carcinoma. Cancer Res. 1989/02/01/ 1989;49(3):629–632. 

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



18

542 24. Wojcik E, Kulpa JK. Pro-gastrin-releasing peptide (ProGRP) as a biomarker in small-cell lung 
543 cancer diagnosis, monitoring and evaluation of treatment response. Lung Cancer (Auckl). 2017 
544 2017;8:231–240. doi:10.2147/LCTT.S149516

545 25. Shibayama T, Ueoka H, Nishii K, et al. Complementary roles of pro-gastrin-releasing peptide 
546 (ProGRP) and neuron specific enolase (NSE) in diagnosis and prognosis of small-cell lung cancer 
547 (SCLC). Lung Cancer. 2001/04// 2001;32(1):61–69. doi:10.1016/s0169-5002(00)00205-1

548 26. Jørgensen LG, Osterlind K, Genollá J, et al. Serum neuron-specific enolase (S-NSE) and the 
549 prognosis in small-cell lung cancer (SCLC): a combined multivariable analysis on data from nine centres. 
550 Br J Cancer. 1996/08// 1996;74(3):463–467. doi:10.1038/bjc.1996.383

551 27. Saalfeld FC, Moller J, Christopoulos P, et al. Small cell transformation in EGFR-mutated non-small 
552 cell lung cancer: DLL3 expression and efficacy of immune checkpoint inhibitors or tyrosine kinase 
553 inhibitors combined with chemotherapy. Eur J Cancer. Dec 2024;213:115065. 
554 doi:10.1016/j.ejca.2024.115065

555 28. Zhang CY, Sun H, Su JW, et al. A potential treatment option for transformed small-cell lung cancer 
556 on PD-L1 inhibitor-based combination therapy improved survival. Lung Cancer. Jan 2023;175:68–78. 
557 doi:10.1016/j.lungcan.2022.11.016

558 29. Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for First-Line Treatment of Metastatic 
559 Nonsquamous NSCLC. The New England Journal of Medicine. 2018/06/14/ 2018;378(24):2288–2301. 
560 doi:10.1056/NEJMoa1716948

561 30. Park S, Kim TM, Han J-Y, et al. Phase III, Randomized Study of Atezolizumab Plus Bevacizumab 
562 and Chemotherapy in Patients With EGFR- or ALK-Mutated Non-Small-Cell Lung Cancer (ATTLAS, 
563 KCSG-LU19-04). J Clin Oncol. 2024/04/10/ 2024;42(11):1241–1251. doi:10.1200/JCO.23.01891

564 31. Wang S, Xie T, Hao X, et al. Comprehensive analysis of treatment modes and clinical outcomes of 
565 small cell lung cancer transformed from epidermal growth factor receptor mutant lung adenocarcinoma. 
566 Thorac Cancer. Oct 2021;12(19):2585–2593. doi:10.1111/1759-7714.14144

567 32. Chen F, Zhang Y, Gibbons DL, et al. Pan-Cancer Molecular Classes Transcending Tumor Lineage 
568 Across 32 Cancer Types, Multiple Data Platforms, and over 10,000 Cases. Clin Cancer Res. May 1 
569 2018;24(9):2182–2193. doi:10.1158/1078-0432.CCR-17-3378

570 33. Balanis NG, Sheu KM, Esedebe FN, et al. Pan-cancer Convergence to a Small-Cell Neuroendocrine 
571 Phenotype that Shares Susceptibilities with Hematological Malignancies. Cancer Cell. Jul 8 
572 2019;36(1):17–34 e7. doi:10.1016/j.ccell.2019.06.005

573

574

Downloaded for Anonymous User (n/a) at Samsung Medical Center from ClinicalKey.com by Elsevier on August 18, 
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



19

575 Figure Legends

576 Figure 1. Flowchart of enrolled patients and analyses. P-SCLC, primary SCLC; 
577 T-SCLC, transformed SCLC; I/O, immunotherapy; chemo, chemotherapy; 1L, 
578 first-line; 2L, second-line; OS, overall survival; PFS, progress free survival; 
579 ORR, objective response rate; NE, neuroendocrine.

580

581 Figure 2. Kaplan-Meier analysis of the P-SCLC and T-SCLC cohorts and 
582 additional analysis based on treatments. A. OS of patients with P-SCLC and T-
583 SCLC. B. OS of patients with P-SCLC and T-SCLC received chemotherapy 
584 (chemo) or chemoimmunotherapy (chemo+I/O). Cox regression was used to 
585 calculate the HR and p-value for OS. P-SCLC, primary SCLC; T-SCLC, 
586 transformed SCLC; I/O, immunotherapy; chemo, chemotherapy; mOS, median 
587 overall survival; HR, hazard ratio; CI, confidence interval.

588

589 Figure 3. Clinical outcomes of patients with T-SCLC based on different 
590 treatment strategies. A. Swimming plot of PFS and OS across each line of 
591 treatment. PFS (B) and OS (C) of patients treated with first-line (1L) 
592 chemotherapy alone (chemo), chemotherapy plus TKI (chemo+TKI) and 
593 chemoimmunotherapy (regardless of bevacizumab; chemo+I/O). Cox 
594 regression was used to calculate the HR and p-value for PFS and OS. 

595 1L–4L, first-line to fourth-line; TKI, tyrosine kinase inhibitor; PD-L1, 
596 programmed cell death-ligand 1; T-SCLC, transformed SCLC; PFS, progress 
597 free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.

598

599 Figure 4. Prognostic value of serum biomarkers. OS of P-SCLC (A) and T-
600 SCLC (B) with high and low baseline NSE. C. A three-dimensional scatter plot, 
601 linear correlation and simple linear regression of baseline NSE, baseline CEA 
602 and OS for T-SCLC. Cox regression was used to calculate the HR and p-value 
603 for PFS and OS. Abbreviations: P-SCLC, primary SCLC; T-SCLC, transformed 
604 SCLC; OS, overall survival; HR, hazard ratio; NSE, neuron-specific enolase; 
605 CEA, carcinoembryonic antigen; SQRT, square root; LN, natural logarithm; CI, 
606 confidence interval.

607

608 Figure 5. Analysis of immunohistochemical profiles. A. Expression levels of 
609 three NE markers (CgA, Syn, and CD56) in T-SCLC versus P-SCLC cohorts. 
610 C. A heatmap showing patients with T-SCLC categorized into Clusters NE-H 
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611 and NE-L based on expression levels of three NE markers (CgA, Syn, and 
612 CD56). D. OS of Clusters NE-H and NE-L in patients with T-SCLC. Cox 
613 regression was used to calculate the HR and p-value for PFS and OS. 
614 Abbreviations: P-SCLC, primary SCLC; T-SCLC, transformed SCLC; OS, 
615 overall survival; Exp, expression intensity; NE, neuroendocrine; NE-H, NE-high; 
616 NE-L, NE-low; HR, hazard ratio; CI, confidence interval.

617
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622 Table 1. Baseline demographics and clinical characteristics.

     P-SCLC          T-SCLC     P value

     N = 164            N = 42               

Age, median [IQR] 63.0 [57.0;68.0] 52.5 [44.8;58.8]  <0.001  

Sex:                                  <0.001  

    Female    8 (4.9%)       18 (42.9%)            

    Male   156 (95.1%)      24 (57.1%)            

Smoking:                                  <0.001  

    Former/current   135 (82.8%)      12 (28.6%)            

    Never    28 (17.2%)      30 (71.4%)            

Not reported 1 0

NSE, median [IQR] 58.8 [34.4;102] 29.9 [17.8;87.2]   0.003  

Missing NSE data 25 4

PD-L1 TPS:                                   0.522  

    <1%    37 (75.5%)      19 (90.5%)            

     1–49%    11 (22.4%)      2 (9.5%)             

    ≥50%    1 (2.0%)       0 (0.0%)             
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     P-SCLC          T-SCLC     P value

     N = 164            N = 42               

Not reported 115 21

Stage:                                   0.236  

   IVA    53 (32.3%)      9 (21.4%)             

   IVB   111 (67.7%)      33 (78.6%)            

Brain metastasis:                                   0.001  

   No    68 (61.8%)      9 (27.3%)             

   Yes    42 (38.2%)      24 (72.7%)            

Not reported 54 9

ECOG PS:                                   0.428  

   0    2 (1.5%)       2 (4.9%)             

   1   123 (92.5%)      37 (90.2%)            

   2    8 (6.0%)       2 (4.9%)             

Not reported 31 1

Histology:                                  <0.001  

   SCLC    164 (100%)      28 (66.7%)            
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     P-SCLC          T-SCLC     P value

     N = 164            N = 42               

   SCLC + adenocarcinoma    0 (0.0%)       14 (33.3%)            

Ki67(%), median [IQR] 90.0 [80.0;90.0] 90.0 [80.0;90.0]   0.745  

Missing Ki67(%) data 9 9

623 Data was presented as n (%) or median [IQR]

624 Abbreviations: NSE, neuron-specific enolase; PD-L1, programmed cell death-ligand 1; TPS, 
625 tumor proportion score; ECOG PS, Eastern Cooperative Oncology Group performance status; 
626 SCLC, small-cell lung cancer.

627 1. T-SCLC had a modestly poorer prognosis compared to P-SCLC.
628 2. Chemoimmunotherapy, with or without bevacizumab, may provide benefit 
629 in T-SCLC.
630 3. Baseline serum NSE could be a useful prognostic indicator in T-SCLC.
631 4. High expression of CgA, Syn, and CD56 indicated poor prognosis in T-
632 SCLC.

633

634 Figure Legends

635 Figure 1. Flowchart of enrolled patients and analyses. P-SCLC, primary SCLC; 
636 T-SCLC, transformed SCLC; I/O, immunotherapy; chemo, chemotherapy; 1L, 
637 first-line; 2L, second-line; OS, overall survival; PFS, progress free survival; 
638 ORR, objective response rate; NE, neuroendocrine.

639

640 Figure 2. Kaplan-Meier analysis of the P-SCLC and T-SCLC cohorts and 
641 additional analysis based on treatments. A. OS of patients with P-SCLC and T-
642 SCLC. B. OS of patients with P-SCLC and T-SCLC received chemotherapy 
643 (chemo) or chemoimmunotherapy (chemo+I/O). Cox regression was used to 
644 calculate the HR and p-value for OS. P-SCLC, primary SCLC; T-SCLC, 
645 transformed SCLC; I/O, immunotherapy; chemo, chemotherapy; mOS, median 
646 overall survival; HR, hazard ratio; CI, confidence interval.
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647

648 Figure 3. Clinical outcomes of patients with T-SCLC based on different 
649 treatment strategies. A. Swimming plot of PFS and OS across each line of 
650 treatment. PFS (B) and OS (C) of patients treated with first-line (1L) 
651 chemotherapy alone (chemo), chemotherapy plus TKI (chemo+TKI) and 
652 chemoimmunotherapy (regardless of bevacizumab; chemo+I/O). Cox 
653 regression was used to calculate the HR and p-value for PFS and OS. 

654 1L–4L, first-line to fourth-line; TKI, tyrosine kinase inhibitor; PD-L1, 
655 programmed cell death-ligand 1; T-SCLC, transformed SCLC; PFS, progress 
656 free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.

657

658 Figure 4. Prognostic value of serum biomarkers. OS of P-SCLC (A) and T-
659 SCLC (B) with high and low baseline NSE. C. A three-dimensional scatter plot, 
660 linear correlation and simple linear regression of baseline NSE, baseline CEA 
661 and OS for T-SCLC. Cox regression was used to calculate the HR and p-value 
662 for PFS and OS. Abbreviations: P-SCLC, primary SCLC; T-SCLC, transformed 
663 SCLC; OS, overall survival; HR, hazard ratio; NSE, neuron-specific enolase; 
664 CEA, carcinoembryonic antigen; SQRT, square root; LN, natural logarithm; CI, 
665 confidence interval.

666

667 Figure 5. Analysis of immunohistochemical profiles. A. Expression levels of 
668 three NE markers (CgA, Syn, and CD56) in T-SCLC versus P-SCLC cohorts. 
669 C. A heatmap showing patients with T-SCLC categorized into Clusters NE-H 
670 and NE-L based on expression levels of three NE markers (CgA, Syn, and 
671 CD56). D. OS of Clusters NE-H and NE-L in patients with T-SCLC. Cox 
672 regression was used to calculate the HR and p-value for PFS and OS. 
673 Abbreviations: P-SCLC, primary SCLC; T-SCLC, transformed SCLC; OS, 
674 overall survival; Exp, expression intensity; NE, neuroendocrine; NE-H, NE-high; 
675 NE-L, NE-low; HR, hazard ratio; CI, confidence interval.

676
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677 Supplementary Figure 1. Genomic and clinicopathologic characteristics of 
678 patients with T-SCLC and P-SCLC. A. Comparison of the top mutated genes 
679 and clinicopathologic characteristics between patients with T-SCLC and P-
680 SCLC. B. Venn diagram of the top mutated genes in patients with T-SCLC and 
681 P-SCLC. C. PFS of ABCP regimen vs. ECT/EPT regimen in patients with T-
682 SCLC. D. OS of ABCP regimen vs. ECT/EPT regimen in patients with T-SCLC. 
683 Abbreviations: SCLC, small-cell lung cancer; P-SCLC, primary SCLC; T-SCLC, 
684 transformed SCLC; cn_amp, copy number amplification; cn_del, copy number 
685 deletion; ABCP, atezolizumab plus bevacizumab plus carboplatin plus 
686 paclitaxel; ECT/EPT, etoposide plus carboplatin/cisplatin plus atezolizumab; 
687 OS, overall survival; PFS, progress free survival.

688 Supplementary Figure 2. The impact of DOR and EGFR mutation status on 
689 OS for T-SCLC. A. Correlation analysis between DOR and OS in the T-
690 SCLCchemo+I/O group. B. Correlation analysis between DOR and OS in the T-
691 SCLCchemo group. C. Survival analysis between L858R and 19del in the T-
692 SCLCchemo+I/O group. D. Survival analysis between L858R and 19del in the T-
693 SCLCchemo group. Abbreviations: DOR, duration of response; EGFR, epidermal 
694 growth factor receptor; OS, overall survival.

695 Supplementary Figure 3. Exploration of NE markers and OS. A, B. The 
696 optimal cutoff value of baseline NSE levels in predicting prognosis for P-
697 SCLC(A) and T-SCLC(B). C. The scatter plot of NSE and OS for P-SCLC. D. 
698 Comparison of NE marker expression between T-SCLC and P-SCLC (3+ vs. 
699 all other levels) E. A heatmap showing patients with P-SCLC categorized into 
700 NE-H group and NE-L group based on expression levels of three NE markers 
701 (CgA, Syn, and CD56). F. OS of NE-H group and NE-L group in patients with 
702 P-SCLC. Abbreviations: SCLC, small-cell lung cancer; P-SCLC, primary SCLC; 
703 T-SCLC, transformed SCLC; OS, overall survival; NSE, neuron-specific 
704 enolase; SQRT, square root; LN, natural logarithm; NE, neuroendocrine; NE-
705 H, NE-high; NE-L, NE-low.

706
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