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Efficacy of second‑line 
chemotherapy in patients 
with pulmonary large cell 
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The efficacy of second‑line chemotherapy in patients with pulmonary large cell neuroendocrine 
carcinoma (LCNEC) is unclear. This study aimed to evaluate the efficacy of second‑line chemotherapy 
in patients with pulmonary LCNEC. We retrospectively reviewed patients with pulmonary LCNEC or 
possible LCNEC (pLCNEC) who received platinum‑based chemotherapy as the first‑line treatment. 
Among these patients, we evaluated the efficacy of second‑line treatment by comparing patients with 
small cell lung cancer (SCLC group). Of the 61 patients with LCNEC or pLCNEC (LCNEC group) who 
received first‑line chemotherapy, 39 patients were treated with second‑line chemotherapy. Among 
the 39 patients, 61.5% received amrubicin monotherapy. The median progression‑free survival (PFS) 
and overall survival (OS) in the LCNEC groups were 3.3 and 8.3 months, respectively. No significant 
differences in the PFS (hazard ratio [HR]: 0.924, 95% confidence interval [CI] 0.647–1.320; P = 0.664) 
and OS (HR: 0.926; 95% CI 0.648–1.321; P = 0.670) were observed between the LCNEC and SCLC 
groups. In patients treated with amrubicin, the PFS (P = 0.964) and OS (P = 0.544) were not different 
between both the groups. Second‑line chemotherapy, including amrubicin, may be considered as a 
treatment option for patients with pulmonary LCNEC.

Lung neuroendocrine carcinoma is classified as large cell neuroendocrine carcinoma (LCNEC) and small 
cell lung cancer (SCLC) according to the classification by the World Health Organization. LCNEC, which 
accounts for 3% of resected lung cancers, is defined as a type of high-grade non-small cell carcinoma with 
neuroendocrine morphology and mitotic count of > 10 mitoses/2  mm2 expressing one or more neuroendocrine 
immunohistochemical  markers1. LCNEC is mainly diagnosed in surgical specimens, and definitive diagnosis in 
a small biopsy is sometimes challenging since it cannot accurately evaluate the neuroendocrine morphology and/
or immunohistochemical markers. Diagnosis suspected LCNEC in small biopsy specimens is defined as “non-
small cell lung carcinoma, possible large cell neuroendocrine carcinoma”2. A standard chemotherapy regimen 
for patients with advanced LCNEC has not yet been established owing to the rarity of the tumor.

For patients with SCLC, a standard therapeutic strategy has been established for first- and second-line 
 chemotherapy3. The efficacy of topotecan in patients with relapsed SCLC has been  demonstrated4–7. Carboplatin 
and etoposide therapy were superior to topotecan in terms of progression-free survival (PFS) and overall 
response rate (ORR) in a randomized phase III trial for patients with sensitive relapsed  SCLC8. In a phase III trial 
comparing amrubicin with topotecan, no significant difference in the overall survival (OS) was observed between 
the two groups. However, amrubicin significantly improved the OS in a subset of patients with refractory relapsed 
 SCLC9. Some Japanese phase II trials have demonstrated the efficacy of amrubicin in patients with refractory 
relapsed  SCLC10–12. Based on these results, amrubicin has been used as a standard treatment for patients with 
refractory relapsed SCLC in  Japan13.
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No randomized trials have evaluated the efficacy of first-line chemotherapy in this rare population of patients 
with LCNEC. SCLC-or non-small cell lung cancer (NSCLC)-based chemotherapy was reportedly effective as 
first-line chemotherapy for patients with LCNEC in a retrospective  study14–17. Only two prospective single-arm 
phase II trials demonstrating the safety and efficacy of cisplatin plus etoposide or cisplatin plus irinotecan as 
first-line chemotherapy for patients with advanced or metastatic LCNEC have been  reported18,19. The American 
Society of Clinical Oncology (ASCO) guidelines suggest the use of platinum plus etoposide chemotherapy for 
optimal  efficacy20. Second-line chemotherapy for patients with pulmonary LCNEC has not been established 
since no prospective trials have evaluated subsequent chemotherapy in this population. Therefore, we conducted 
this retrospective study to investigate the efficacies of second-line chemotherapy in patients with advanced or 
metastatic pulmonary LCNEC.

Methods
Patients
From September 2004 to April 2021, patients with advanced or recurrent pulmonary LCNEC, including possible 
LCNEC (pLCNEC), and SCLC who received platinum doublet chemotherapy as first-line treatment at Shizuoka 
Cancer Center (Shizuoka, Japan) were retrospectively evaluated based on data from the medical records. To 
assess the efficacy of second-line chemotherapy for patients with LCNEC or pLCNEC, we compared patients 
with LCNEC or pLCNEC who received second-line chemotherapy (LCNEC group) to those with SCLC who 
received second-line chemotherapy (SCLC group). In this study, possible LCNEC was diagnosed as NSCLC 
where neuroendocrine morphology and/or marker expression is not definitive in scant or disrupted samples, 
based on the 2021 WHO Classification of Thoracic  Tumors2,21,22. Second-line chemotherapy was defined as 
systemic chemotherapy following platinum doublet chemotherapy for advanced or recurrent LCNEC, including 
post-operative recurrence. The treatment-free interval (TFI) was defined as the period from the last first-line 
chemotherapy dose to the first relapse, and patients were divided into > 90 days and ≤ 90 days groups (Table 1). 
In patients who received postoperative adjuvant chemotherapy, adjuvant chemotherapy was considered first-line 
chemotherapy if recurrence occurred within 6 months of the last dose of adjuvant chemotherapy. In this study, 
the complication of interstitial lung disease (ILD) was defined as having interstitial lung abnormalities, which are 
a set of radiological abnormalities, such as ground glass opacities, subpleural reticulation, traction bronchiectasis, 
centrilobular nodules, honeycombing, and architectural  distortion23,24. The distant metastasis at the start of 
second-line chemotherapy was defined as separate tumor nodule(s) in a contralateral lobe or tumor with pleural 
or pericardial nodule(s) or malignant pleural or pericardial effusion or extrathoracic metastasis, according to 
the 8th edition of the TNM  classification25. This study was performed in accordance with the principles of the 
Declaration of Helsinki and all applicable requirements in Japan, was approved by institutional review boards 
at the Shizuoka Cancer Center (approval number: J2021-37). Because this was a retrospective study, informed 
consent was waived by institutional review boards of the Shizuoka Cancer Center. We provided the patients the 
opportunity to refuse this study enrollment, by using web page.

Evaluation
The best response to treatment was evaluated according to the response evaluation criteria in solid tumors 
(RECIST version 1.1)26. The evaluation of the treatment response using computed tomography was predominantly 
performed in every two courses of chemotherapy. Clinical evaluation of PFS following the start of second-line 
chemotherapy was performed based on the time of recurrence or death. OS was defined as the time from the 
date of second-line treatment to death.

Statistical analysis
All the categorical variables were analyzed using Fisher’s exact test, and continuous variables were evaluated 
using the Mann–Whitney U test. PFS and OS distributions were estimated using the Kaplan–Meier method. The 
log-rank test was used to compare the cumulative survival in each group. Hazard ratios (HRs) and confidence 
intervals (CIs) were estimated by Cox proportional hazards models. All the statistical analyses were performed 
using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical interface for R (The 
R Foundation for Statistical Computing, Vienna, Austria)27. All P values were reported as two-sided, and 
values < 0.05 were considered statistically significant.

Results
Patient characteristics
Among the 61 patients with advanced or recurrent pulmonary LCNEC or pLCNEC who received platinum 
combined chemotherapy as first-line treatment, 39 patients received second-line chemotherapy. Twenty-two 
patients were not treated with second-line chemotherapy owing to poor performance status (PS) (n = 10), patient 
refusal (n = 7), received only radiotherapy for local recurrence (n = 2), no progression (n = 1), or death (n = 2) 
(Fig. 1). Among the 39 patients who received second line chemotherapy in the LCNEC group, the median age 
was 68 years and 82.1% were male. The patients with 97.4% had smoking history, and the Eastern Cooperative 
Oncology Group—PS 0, 1, and 2 was 20.5%, 66.7%, and 12.8%, respectively. Stages I, II, III, and IV at diagnosis 
were 10.3%, 5.1%, 33.3%, and 51.3%, respectively. TFI > 90 days was observed in 33.3% and ≤ 90 days was in 
66.7% (Table 1). There were significant differences in stage at diagnosis, history of thoracic surgery, first-line 
chemotherapy response, and ILD complications between the LCNEC and SCLC groups.
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LCNEC SCLC P value

N 39 431

Median age (range) 68 (55–83) 70 (43–87) 0.169

Sex, n (%)

 Female 7 (17.9) 73 (16.9) 0.826

 Male 32 (82.1) 358 (83.1)

Smoking status, n (%)

 Never 1 (2.6) 5 (1.2) 0.407

 Ever smoker 38 (97.4) 426 (98.8)

ECOG performance status, n (%)

 0 8 (20.5) 107 (24.8) 0.896

 1 26 (66.7) 268 (62.2)

 2 5 (12.8) 52 (12.1)

 3 0 (0.0) 3 (0.7)

 4 0 (0.0) 1 (0.2)

LCNEC 19

pLCNEC 20

Stage at initial diagnosis (8th TMN classification), n (%)

 1 4 (10.3) 7 (1.6) 0.012

 2 2 (5.1) 17 (3.9)

 3 13 (33.3) 117 (27.1)

 4 20 (51.3) 290 (67.3)

Treatment-free interval, n (%)

  > 90 days 13 (33.3) 178 (41.3) 0.396

  ≤ 90 days 26 (66.7) 253 (58.7)

History of thoracic radiation therapy, n (%)

 No 31 (79.5) 343 (79.6) 1.000

 Yes 8 (20.5) 88 (20.4)

History of thoracic surgery, n (%)

 No 30 (76.9) 411 (95.4)  < 0.001

 Yes 9 (23.1) 20 (4.6)

Complication of ILD, n (%)

 No 37 (94.9) 338 (78.4) 0.012

 Yes 2 (5.1) 93 (21.6)

CNS metastasis at the start of second-line chemotherapy, n (%)

 No 23 (59.0) 211 (49.0) 0.395

 Yes 14 (35.9) 173 (40.1)

 Not evaluated 2 (5.1) 47 (10.9)

Distant metastasis at the start of second-line chemotherapy, n (%)

 No 3 (7.7) 53 (12.3) 0.604

 Yes 36 (92.3) 378 (87.7)

Median duration from the start of initial treatment to second-line chemotherapy (days) 
(range) 194 (21–1633) 199 (21–2373) 0.783

First-line chemotherapy, n (%)

 CDDP/CBDCA + ETP 20 (51.3) 328 (76.1)

 CDDP + CPT-11 12 (30.8) 70 (16.2)

 CBDCA + ETP + atezolizmab 0 (0.0) 11 (2.6)

 CDDP/CBDCA + ETP + durvalumab 0 (0.0) 4 (0.9)

 CBDCA + paclitaxel 6 (15.4) 0 (0.0)

 CBDCA + S-1 1 (2.6) 0 (0.0)

 Investigation drugs 0 (0.0) 18 (4.2)

Continued



4

Vol:.(1234567890)

Scientific Reports |         (2024) 14:7641  | https://doi.org/10.1038/s41598-024-58327-w

www.nature.com/scientificreports/

Efficacy of second‑line chemotherapy in the LCNEC groups
The most frequently used regimen was amrubicin monotherapy (61.5%). Other regimens included platinum 
plus etoposide (7.7%), irinotecan monotherapy (7.7%), and docetaxel monotherapy (7.7%) (Table 2). In the 
LCNEC group, three patients achieved partial response (PR), and the overall response rate (ORR) was 7.7% (95% 
confidence interval [CI] 1.6–20.9%) (Table 3). The median PFS was 3.3 months (95%CI 1.4–4.9 months) and 

LCNEC SCLC P value

First-line chemotherapy response, n (%)

 CR 2 (5.1) 15 (3.5)  < 0.001

 PR 16 (41.0) 365 (84.7)

 SD 11 (28.2) 32 (7.4)

 PD 8 (20.5) 12 (2.8)

 Not evaluate 2 (5.1) 7 (1.6)

Table 1.  Patient characteristics at the start of second-line chemotherapy. CBDCA carboplatin, CDDP cisplatin, 
CNS: central nervous system, CPT-11 irinotecan, ECOG Eastern Cooperative Oncology Group, ETP etoposide, 
ILD interstitial lung disease, LCNEC large cell neuroendocrine carcinoma, SCLC small cell lung cancer.

Figure 1.  Patients with large cell neuroendocrine carcinoma (LCNEC) and small cell lung cancer (SCLC) 
enrolled in this study. AMR amrubicin, CDDP cisplatin, CBDCA carboplatin, ETP etoposide, CPT-11 irinotecan, 
DTX docetaxel, NGT topotecan, PEI cisplatin, etoposide, and irinotecan, PTX paclitaxel.

Table 2.  Second-line chemotherapy regimens. AMR amrubicin, CDDP cisplatin, CBDCA carboplatin, ETP 
etoposide, CPT-11 irinotecan, DTX docetaxel, GEM gemcitabine, NGT topotecan, PEI cisplatin, etoposide, and 
irinotecan, PI cisplatin and irinotecan, PTX paclitaxel.

Treatment

LCNEC (n = 39) SCLC (n = 431)

n (%) n (%)

AMR 24 (61.5) 208 (48.3)

CDDP/CBDCA + ETP 3 (7.7) 97 (22.5)

CPT-11 3 (7.7) 18 (4.2)

DTX 3 (7.7) 0 (0.0)

NGT 1 (2.6) 26 (6.0)

PEI 1 (2.6) 24 (5.6)

CBDCA + PTX 1 (2.6) 23 (5.3)

PI 1 (2.6) 16 (3.7)

PTX 1 (2.6) 13 (3.0)

S-1 1 (2.6) 0 (0.0)

GEM 0 (0.0) 2 (0.5)

nab-PTX 0 (0.0) 1 (0.2)

CBDCA + nab-PTX 0 (0.0) 1 (0.2)

Investigation drugs 0 (0.0) 2 (0.5)
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the median OS was 8.3 months (95% CI 4.5–11.7 months) in the LCNEC group. In the patients who received 
amrubicin monotherapy, the ORR was 8.3% (95% CI 1.0–27.0%) in the LCNEC group (Table 3). The median 
PFS and the median OS were 2.8 months (95% CI 1.2–4.9 months) and 8.3 months (95% CI 4.5–12.0 months), 
respectively in the LCNEC group. Between patients with LCNEC and pLCNEC, there were no significant 
differences in the ORR (5.3% and 10.0%, P = 0.359), PFS (median 1.5 months and 3.3 months, HR: 0.797, 95% CI 
0.396–1.603, P = 0.525), and OS (median 8.3 months and 6.9 months, HR: 1.052, 95% CI 0.552–2.121, P = 0.886) 
(Supplementary Fig. S1).

Second‑line chemotherapy efficacy in the LCNEC groups compared to the SCLC groups
There were no significant differences in the patient characteristics between the LCNEC and SCLC groups, 
except for the stage at diagnosis, history of thoracic surgery, and complications of ILD (Table 1). There were 
no significant differences in the number of patients receiving third-line chemotherapy between the two groups 
(P = 0.184). The ORR was significantly lower in the LCNEC than in the SCLC group (P < 0.001). There were 
no significant differences in the PFS (HR: 0.924, 95% CI 0.647–1.320, P = 0.664) and OS (HR: 0.926, 95% CI 
0.648–1.321, P = 0.670) between the LCNEC and SCLC groups (Fig. 2A and B). In the subgroup of patients 
with TFI > 90, there were no significant differences in the PFS (HR: 1.336, 95% CI 0.681–2.624, P = 0.396) and 
OS (HR: 1.312, 95% CI 0.670–2.570, P = 0.427) between the LCNEC and SCLC groups. In patients with TFI 
≤ 90, significant differences in the PFS (HR: 0.795, 95% CI 0.521–1.212, P = 0.284) and OS (HR: 0.792, 95% 
CI 0.519–1.209, P = 0.278) were not observed between both the groups. In patients who received amrubicin 
monotherapy, the ORR was also significantly lower in the LCNEC than in the SCLC group (P = 0.029) (Table 3). 
There were no significant differences in the PFS (HR: 0.989, 95% CI 0.623–1.571, P = 0.964) and OS (HR: 1.153, 
95% CI 0.727–1.830, P = 0.544) between the LCNEC and SCLC groups (Figure 2C and D).

The OS from the progression of first‑line chemotherapy between the patients with LCNEC and 
pLCNEC who received and did not receive second‑line chemotherapy
The median OS time from the progression of first-line chemotherapy in the patients with LCNEC / pLCNEC 
who received and did not receive second-line chemotherapy was 9.0 (95% CI: 5.1–12.5 months) and 3.4 (95% 
CI 1.7–7.3 months) months, respectively (Fig. 3A). Even in those who did not receive second-line chemotherapy 
due to patient refusal, the median OS from the progression of first-line chemotherapy was 3.1 months (95% CI 
0.3–NA months) (Fig. 3B).

Discussion
The present retrospective study demonstrated that the PFS and OS of patients with LCNEC were comparable 
to those of patients with SCLC receiving second-line chemotherapy. In the first-line treatment, the standard 
chemotherapy for patients with LCNEC is still controversial as to whether the SCLC- or NSCLC based regimen 
is more effective. Randomized controlled trials have not been performed, and both SCLC and NSCLC-based 
regimens have been shown to be effective for patients with LCNEC in some retrospective  studies14–17. In two 
prospective phase II studies, the efficacy and tolerability of SCLC-based chemotherapy were demonstrated. The 
median PFS and median OS of patients treated with cisplatin plus etoposide were 5.2 and 7.7 months, respectively, 
in patients with  LCNEC18. Moreover, Niho et al. reported that the ORR of cisplatin plus irinotecan was 46.7%, 
median PFS was 5.2 months, and median OS was 12.6 months in patients with LCNEC. In this report, according 
to the central pathological review, 73% were diagnosed with LCNEC, and 24% were diagnosed with SCLC. The 

Table 3.  Response to second-line chemotherapy. CR complete response, PD progressive disease, PR partial 
response, SD stable disease, CI confidence interval.

LCNEC SCLC P value

All

 Response, n (%)

  CR 0 (0.0) 5 (1.2) 0.002

  PR 3 (7.7) 150 (34.8)

  SD 18 (46.2) 135 (31.3)

  PD 13 (33.3) 114 (26.5)

  Not evaluate 5 (12.8) 27 (6.3)

  Overall response rate (%) 7.7 (95% CI 1.6–20.9) 36.0 (95% CI 31.4–40.7)  < 0.001

Patients receiving amrubicin monotherapy

 Response, n (%)

  CR 0 (0.0) 1 (0.5) 0.002

  PR 2 (8.3) 63 (30.3)

  SD 11 (45.8) 66 (31.7)

  PD 9 (37.5) 66 (31.7)

  Not evaluate 2 (8.3) 12 (5.8)

  Overall response rate (%) 8.3 (95% CI 1.0–27.0) 30.8 (95% CI 24.6–37.5) 0.029
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authors showed that the ORR and OS in patients with LCNEC tended to be inferior to those in patients with 
 SCLC19. According to the ASCO guidelines, platinum plus etoposide combination therapy may provide optimal 
efficacy for patients with  LCNEC20.

A standard regimen of second-line chemotherapy does not exist for patients with LCNEC since no prospec-
tive study has evaluated the efficacy of second-line chemotherapy for this population. Two retrospective studies, 
including a small number of patients with LCNEC, evaluated amrubicin monotherapy as a second-line treatment. 
Kasahara et al. have reported an ORR of 11.1%, median PFS of 4.0 months, and median OS of 9.1 months for 
amrubicin monotherapy as second-line treatment in 18 patients with pulmonary LCNEC or high-grade non-
small cell neuroendocrine  carcinoma28. Yoshida et al. reported the efficacy of amrubicin in 18 previously treated 
patients with advanced pulmonary LCNEC; the ORR was 27.7%, median PFS was 3.1 months, and median OS 
was 5.1  months29. To our knowledge, our study is a relatively large retrospective study that evaluated the efficacy 

Figure 2.  Kaplan–Meier survival curves for (a) progression free survival (PFS) and (b) overall survival (OS) 
between the large cell neuroendocrine carcinoma (LCNEC) and small cell lung cancer (SCLC) groups receiving 
second-line chemotherapy. Kaplan–Meier survival curves for (c) PFS and (d) OS for second-line chemotherapy 
between the LCNEC and SCLC groups receiving the amrubicin monotherapy. Survival curve of LCNEC 
(continuous line) and SCLC (dotted line line) are analyzed using the log-rank test.
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of second-line chemotherapy in patients with LCNEC/pLCNEC. Although LCNEC is not a common histological 
type of lung cancer, data on second-line treatments are still important in clinical settings.

The present study showed no significant differences in the PFS and OS between patients with LCNEC and 
SCLC; however, ORR was significantly lower in patients with LCNEC than those with SCLC in second-line 
chemotherapy. Shimada et al. have also reported that the ORR tended to be lower in patients with high-grade 
neuroendocrine carcinoma–probable LCNEC diagnosed in biopsy specimens compared to patients with SCLC 
(17% and 43%, respectively; P = 0.12)30. However, our report showed no significant differences in the PFS and OS 
between patients with LCNEC and SCLC. This result could be due to no difference in the rate of progressive dis-
ease between the LCNEC and SCLC groups (33.3% and 26.5%, respectively). Further, the OS from the progression 
of first-line chemotherapy tends to be longer in the patients who received second-line chemotherapy compared 
to those who did not receive second-line chemotherapy owing to the patient`s refusal. Based on these results, 
second-line chemotherapy for patients with LCNEC could be a treatment option since performing randomized 
controlled trials for second-line treatment in patients with LCNEC is challenging. Furthermore, we reported no 
significant difference in the PFS and OS in patients receiving amrubicin monotherapy between the LCNEC and 
SCLC groups. Our results suggest that amrubicin monotherapy is an option for second-line treatment in LCNEC.

This study has several limitations. First, the sample size was small in this single-center Japanese retrospective 
study. However, LCNEC is rare, and few reports exist on second-line chemotherapy in LCNEC, and this study 
included the largest number of patients with LCNEC/pLCNEC. Second, there were differences in initial stage, 
history of thoracic surgery, first-line chemotherapy response, and ILD complications between the LCNEC and 
SCLC groups. LCNEC is mainly diagnosed using surgical specimens, and definitive diagnosis in a small biopsy 
sample is sometimes difficult. A previous report showed that only 2.8% of all SCLC cases received surgical resec-
tion, and this population seemed to be rare as well as our  study31. Third, the combination of other histological 
types in LCNEC/pLCNEC diagnosed using biopsy specimens cannot be completely ruled out. However, most 
cases of LCNEC/pLCNEC in advanced stage are diagnosed using biopsy specimens in a clinical setting. Fur-
thermore, a previous report showed that there were no differences in the chemotherapeutic efficacy between 
LCNEC diagnosed using surgically resected specimens and pLCNEC diagnosed using small biopsy  specimens32. 
Therefore, including biopsy specimens to examine the efficacy of second-line chemotherapy in patients with 
LCNEC is considered appropriate. Fourth, no patient in this study received immunotherapy or anti-angiogenesis 
therapy because these treatments had not been approved for second-line chemotherapy in Japan. Real world data 
of LCNEC patients receiving immune-checkpoint inhibitors seems necessary.

Conclusions
This retrospective study showed no significant differences in the PFS and OS between patients with pulmonary 
LCNEC who received second-line chemotherapy and those with SCLC. Therefore, second-line chemotherapy 
including amrubicin may be considered as a treatment option for patients with pulmonary LCNEC.

Figure 3.  Kaplan–Meier survival curves for overall survival time from the progression of first-line 
chemotherapy between the patients who received second-line chemotherapy and those who did not. Survival 
curve of the patients who did not receive (No 2nd chemotherapy) (continuous line) and those who received 
second-line chemotherapy (2nd-line) (dotted line) are shown (a). Survival curve of the patients who did not 
receive second-line chemotherapy owing to patient refusal (Reject) (continuous line) and those received second-
line chemotherapy (2nd-line) (dotted line line) are shown (b).
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Data availability
All data and material are available from the corresponding author on reasonable request.
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