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Rare case report: a case of
histological type transformation
of lung cancer caused by
neoadjuvant immunotherapy

Quanging Li, Guangxin Zhang*, Hao Yang and Jindong Li

Department of Thoracic of the Second Hospital of Jilin University, Changchun, Jilin, China

Lung cancer remains the leading cause of cancer-related mortality, with 1.8
million deaths per year. Small cell lung cancer and non-small cell lung cancer
(NSCLC) are the main cancer types. Approximately 85% of cases are NSCLC,
including adenocarcinoma, squamous cell carcinoma, and large cell carcinoma.
In this reported treatment case, the tumor histological type changed after
targeted therapy, which has not been previously well documented. The patient
was a 67-year-old woman diagnosed with squamous cell carcinoma via
bronchoscopy. She received five neoadjuvant immune monotherapies. The
lesion shrank but then progressed, with a diagnosis of small cell carcinoma via
bronchoscopy. This finding suggests that tumor acquisition of resistance as
manifested by cancer-type changes needs consideration and study in the
application of this particular type of immunotherapy.
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Introduction

Immunotherapeutic agents such as sintilimab (anti-PD-1) are antibodies that promote
immune system activation and exhibit good efficacy in the first-line treatment of non-small
cell lung cancer (NSCLC). Squamous cell carcinoma responds very well to this preoperative
immunotherapy (1). Some reactions such as fever and fatigue are observed, most of which
are primary or secondary treatment-related adverse events (TRAEs) (2), although serious
grade ITI TRAEs are rare. A related study has revealed that histological transformation into
small cell lung cancer (SCLC) from NSCLC is a potential mechanism in therapeutic
resistance (3). Herein, we describe the relevant medical history, examination and diagnosis,
and treatment regimens of a patient to improve our understanding of this disease, avoid
potential misdiagnosis, and provide a basis for a more standardized care of lung
cancer patients.
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Case presentation

The patient was a 67-year-old woman. Seven months ago, she
exhibited no obvious reasons for cough or white sputum. At times,
she coughed up blood. She did not receive systematic diagnosis and
treatment. One month later, she felt suffocation in the anterior chest
area with poor breathing; again, she did not pay attention to these
signs. Only after the gradual worsening of the symptoms did she visit
our hospital. Chest computed tomography (CT, Figure 1A) revealed
the presence of a soft tissue mass in the left hilum of her lung. The
lesion was 32 x 25 mm in size, with uneven density and a CT value of
32 HU. It was protruding into the bronchus of the upper lobe of the
left lung. There was bronchial wall thickening, distal lumen
obstruction, and many mediastinal lymph nodes. Bronchoscopy
(Figure 1B) revealed mucosal swelling at the opening of the left
upper lobe, superficial irregular hyperplasia, lumen occlusion, lesions
involving the upper and lower interlobar ridges, and lumen stenosis
at the opening of the left lower lobe. Pathological examination of the
opening of the left upper lobe revealed a tumor morphology
consistent with squamous cell carcinoma (non-keratinizing type).

10.3389/fonc.2024.1329152

The patient had a smoking history of 20 years and a smoking index of
400 years. A physical examination found no obvious abnormality.
Tumor marker (sample number 20230324HYA001) analysis showed
the following: abnormal prothrombin, 39.740 mAU/ml (reference
value: 11.12-32.01 mAU/ml); cytokeratin 19 fragment at 2.42 ng/ml
(reference value: 0-2.08 ng/ml); and premenopausal ROMA value of
12.00% (reference value: 0%-7.4%); the other markers were normal.
Head-enhanced magnetic resonance imaging, abdominal CT, whole-
body bone scan, and other auxiliary examinations suggested no
metastasis or surgical contraindications. The tumor stage was
T2aNxMO0, and the clinical stage was IB as per the guidelines for
primary lung cancer diagnosis and treatment of the China Health
Commission (2022 edition). As a result, surgery was indicated. The
preoperative pulmonary function test suggested mild obstructive
ventilatory dysfunction. However, after being informed of the
surgical risks, the patient and her family declined surgery. As a
substitute, preoperative chemotherapy combined with neoadjuvant
immunotherapy sintilimab and gemcitabine-platinum-containing
drug for squamous cell carcinoma was prescribed as per the first-
line drug treatment guidelines for primary lung cancer diagnosis and

FIGURE 1

(A) Computed tomography (CT) images of the patient before neoadjuvant therapy. (B) Results of the first bronchoscopy. (C) CT images of the patient
after three cycles of sintilimab immunotherapy. (D) CT images of the patient after five cycles of sintilimab immunotherapy. (E) Results of the

second bronchoscopy.
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treatment (2022 edition). Prior to chemotherapy, the patient scored
50 on the Karnofsky Performance Scale (KPS), which precluded
chemotherapy, and only immunotherapy was administered. Due to
economic issues, the PD-1 test was not performed. In the end,
sintilimab immunotherapy was carried out for 21 days as one cycle.
The lung cancer guidelines do not specify the number of
immunotherapy cycles. The patient’s symptoms significantly
improved after three cycles. Chest CT (Figure 1C) showed that the
tumor size was reduced to 21 x 24 mm. From the good result of
neoadjuvant immunotherapy, surgery was recommended again. Yet,
the patient and her family refused it again due in part to the good
effects of immunotherapy, plus cost consideration and other related
reasons. Therefore, maintenance treatment was administered as per
the primary lung cancer diagnosis and treatment guidelines, which
can be selected for patients who attain disease control after first-line
treatment. If no disease progression and tolerable adverse reactions
are obtained from using these immune checkpoint inhibitors, these
treatment cycles can be administered for 2 years. However, after the
fourth cycle of sintilimab, the symptoms began to worsen. Before the
fifth cycle, chest CT (Figure 1D) revealed that the tumor size had
increased to 31 x 24 mm. Bronchoscopy (Figure 1E) revealed that the
lumen was blocked by new growth in the lower portion of the left
main bronchus, with an irregular layer of cell proliferation. The lower
portion of the left main bronchus was biopsied. Pathology revealed
bronchial carcinoma. Immunohistochemical staining combined with
morphology supported the diagnosis of small cell carcinoma. At this
time, the patient scored 60 on KPS. Considering that the patient
could likely tolerate the side effects of chemotherapy, etoposide plus
nedaplatin was recommended. After chemotherapy, chest high-
resolution CT revealed a reduced lesion size of 20 x 18 mm,
suggesting that the tumor had responded to the new

treatment regimen.

Discussion

Currently, drug resistance arising during treatment is a major
treatment-related concern for patients with NSCLC. We
summarized some differences in treatment resistance between the
use of epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) and anti-PD-1, as well as the mechanisms in tumor
histology changes as a result to provide insight for counteracting
drug resistance in NSCLC treatment in the future.

Transformation of NSCLC into SCLC and
T790M point mutation in EGFR-TK during
EGFR-TKI treatment

In patients with active EGFR, EGFR-TKIs can rapidly shrink
the primary tumor; nevertheless, resistance appears in
approximately 12 months (4, 5). The most obvious reason for
resistance is the T790M point mutation in exon 20 that increases
ATP affinity (6). The other is the transformation of EGFR-positive
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NSCLC into SCLC (7, 8). In a retrospective study, 58 patients with
NSCLC and EGFR mutations were enrolled. Among them, 93% of
the patients received EGFR-TKIs; all patients received a median of
more than two lines of treatment. Ninety-seven percent of the
patients were found to harbor SCLC (9). Significantly, the original
activated EGFR mutation was retained in the tumor tissues that
transformed into SCLC, suggesting a direct lineage from NSCLC
rather than sampling or an undiagnosed primary lesion (10). RB1
inactivation is an important marker for SCLC. Western blotting of
repeated biopsy samples from patients with EGFR mutation-
positive adenocarcinoma transformed into SCLC showed the
absence of RBI in all cases and not in those with EGFR
mutation-positive NSCLC (11). However, RB1 expression loss or
downregulation alone via experimental manipulation on TKI-
resistant cancer cell lines with EGFR mutations did not result in
NSCLC transformation into SCLC. EGFR-TKI treatment plus
genetic mutations, such as RB1 and TP53 deletions, may act in
concert to promote tumor differentiation into SCLC (11, 12).

Transformation of NSCLC into SCLC during
PD-1 treatment

Anti-PD-1/PD-L1 interaction has become the paradigm of
immune checkpoint inhibitor-based cancer treatment. It has
successfully prolonged the survival of patients with advanced
NSCLC. When tumor cells are detected by the body’s immune
system, proinflammatory molecules, chemokines, and innate
immunity cells are congregated at the tumor sites causing
antitumor responses (13). PD-1 is expressed in T cells, whereas
PD-L1 is expressed in tumor cells. The PD-1/PD-L1 axis inhibits T-
cell function (14), a process that could be interrupted by PD-1
antibodies (14, 15). A study has revealed that the emergence of PD-
1 treatment resistance might be due to defects in antigen processing
and presentation by tumor cells with the result that the immune
system is no longer able to detect the tumor antigens and initiates
tumor cytolysis. Human leukocyte antigen class I (HLA-I) can bind
to specific peptides of intracellular proteins, express them on the cell
surface, and present them to CD8" T cells. B2-microglobulin (B2M)
is needed to maintain stable HLA-I expression, and mutations in
B2M can hamper antigen presentation. Therefore, impairment in
HLA-I-mediated antigen presentation could lead to resistance to
checkpoint inhibitors (16). Therefore, the transformation of
NSCLC into SCLC with defects in antigen presentation may be
another route to resistance.

The treatment-induced transformation of adenocarcinoma into
small cell carcinoma merits further investigation (17).
Understanding the possible origin of the different lung cancer
types is essential. In general, SCLC cells express neuroendocrine
markers, such as neuron-specific enolase and progastrin-releasing
peptide. Tumor cells with neuroendocrine expression could be
derived from airway neuroendocrine cells localized in the central
area near the lung hilum (18). Adenocarcinoma cells are derived
primarily from type II pneumocytes, and carcinoma cells with
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squamous differentiation from basal cells (19). Other studies have
reported that EGFR mutation-positive adenocarcinoma cells can
also be derived from alveolar type II cells. In fact, alveolar type II
cells can produce both adenocarcinoma and SCLC (19-21).
Therefore, EGFR mutation-positive lung cancer occurring in
alveolar type II cells may be readily transformed into SCLC (7).

In the present case report, the patient is a woman with a long
smoking history. Smokers are particularly susceptible to squamous
cell carcinoma and small cell carcinoma (22, 23). The treatment
regimens are different for these two cancer types. As per the primary
lung cancer diagnosis and treatment guidelines (2022 edition),
surgery remains the primary treatment modality for resectable
squamous cell lung carcinoma. However, our patient forwent
surgery for the reasons given above. In patients with advanced or
unresectable NSCLC, patients undergoing PD-1 treatment showed
longer progression-free survival, overall survival, and fewer adverse
events than those undergoing platinum-based chemotherapy (24).
Therefore, we chose the PD-1 inhibitor monotherapy to treat that
patient. Encouraging results were obtained in the first three cycles of
therapy, but the patient developed worsening symptoms and tumor
growth after four cycles. We suspected tumor resistance or tumor
hyperprogression needing clarification by pathology. Testing
revealed small cell carcinoma suggesting a change in the
histological type induced by therapy. We searched the relevant
literature and retrieved 10 reports, where eight patients received
nivolumab and two received pembrolizumab; these patients also
received chemotherapy before immunotherapy (25). All these
patients exhibited tumor histological type transformation after
treatment. For patients with treatment-induced SCLC, no clear
guidelines are available on whether further application of
immunotherapeutic drugs will benefit them. Etoposide combined
with platinum remains the primary treatment modality for SCLC
(26). For this patient, we chose this method as the next treatment
option. The prompt discovery of SCLC transformation prevented
unnecessary surgical trauma and wrong medication which might
aggravate her well-being. The pathogenesis of transformed SCLC
should be explored. To date, no explanation is available on the
specific mechanism underlying this phenomenon.

In the present case, another reason for the histological results of
the two samplings might be the uncertainty of missing SCLC
diagnosis in the preliminary pathology. Previous studies have
found that 9 (2%) of 429 patients with SCLC had a combined
subtype of small cell carcinoma plus squamous cell carcinoma or
adenocarcinoma at the time of diagnosis (27). Existing clinical data
and evidence suggest that SCLC has a shorter survival time with
fewer choices of effective therapeutic intervention than NSCLC.
Transformed SCLC is a result of tumor resistance (28). Extensive
clinical research suggests that it is not rare for the transformation of
NSCLC to SCLC when therapeutic drugs are used.

Conclusion

We present the case of a woman with dyspnea symptoms from
central lung cancer. The first bronchoscopy revealed squamous cell
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carcinoma. After five cycles of sintilimab, re-examination revealed
small cell carcinoma. Whether surgical resection, if carried out at
first, could affect this patient’s disease course is unknown.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Second Hospital of Jilin University. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

QL: Writing - original draft, Conceptualization. GZ:
Supervision, Writing - review & editing, Validation. HY:
Investigation, Writing - original draft. JL: Writing - review &
editing, Validation.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The present
study was supported by grants (3D5222865429) from the Finance
Department of Jilin Province.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1329152
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

References

1. Gao S, Li N, Gao S, Xue Q, Ying J, Wang S, et al. Neoadjuvant PD-1 inhibitor
(Sintilimab) in NSCLC. J Thorac Oncol (2020) 15(5):816-26. doi: 10.1016/
1jth0.2020.01.017

2. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD, et al.
Neoadjuvant PD-1 blockade in resectable lung cancer. N Engl ] Med (2018) 378
(21):1976-86. doi: 10.1056/NEJMoal716078

3. Giaccone G, He Y. Current knowledge of small cell lung cancer transformation
from non-small cell lung cancer. Semin Cancer Biol (2023) 94:1-10. doi: 10.1016/
j.semcancer.2023.05.006

4. Mok TS, Wu T-L, Thongprasert S, Yang C-H, Chu D-T, Saijo N, et al. Gefitinib or
carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl ] Med (2009) 361
(10):947-57. doi: 10.1056/NEJM0a0810699

5. Ohashi K, Maruvka YE, Michor F, Pao W. Epidermal growth factor receptor
tyrosine kinase inhibitor-resistant disease. J Clin Oncol (2013) 31(8):1070-80. doi:
10.1200/JC0O.2012.43.3912

6. Yun CH, Mengwasser KM, Toms AV, Woo MS, Greulich H, Wong K-K, et al. The
T790M mutation in EGFR kinase causes drug resistance by increasing the affinity for
ATP. Proc Natl Acad Sci U.S.A. (2008) 105(6):2070-5. doi: 10.1073/pnas.0709662105

7. Oser MG, Niederst MJ, Sequist LV, Engelman JA. Transformation from non-
small-cell lung cancer to small- cell lung cancer: molecular drivers and cells of origin.
Lancet Oncol (2015) 16(4):e165-72. doi: 10.1016/S1470-2045(14)71180-5

8. YuHA, Arcila ME, Rekhtman N, Sima CS, Zakowski MF, Pao W, et al. Analysis of
tumor specimens at the time of acquired resistance to EGFR-TKI therapy in 155
patients with EGFR-mutant lung cancers. Clin Cancer Res (2013) 19(8):2240-7. doi:
10.1158/1078-0432.CCR-12-2246

9. Marcoux N, Gettinger SN, O'Kane G, Arbour KC, Neal JW, Husain H, et al.
EGFR-Mutant adenocarcinomas that transform to small-cell lung cancer and other
neuroendocrine carcinomas: clinical outcomes. J Clin Oncol (2019) 37(4):278-85. doi:
10.1200/JCO.18.01585

10. Fukui T, Tsuta K, Furuta K, Watanabe S-1, Asamura H, Ohe Y, et al. Epidermal
growth factor receptor mutation status and clinicopathological features of combined
small cell carcinoma with adenocarcinoma of the lung. Cancer Sci (2007) 98(11):1714-
9. doi: 10.1111/§.1349-7006.2007.00600.x

11. Niederst MJ, Sequist LV, Poirier JT, Mermel CH, Lockerman EL, Garcia AR,
et al. RB loss in resistant EGFR mutant lung adenocarcinomas that transform to small-
cell lung cancer. Nat Commun (2015) 6:6377. doi: 10.1038/ncomms7377

12. Byers LA, Wang J, Nilsson MB, Fujimoto J, Saintigny P, Yordy J, et al. Proteomic
profiling identifies dysregulated pathways in small cell lung cancer and novel
therapeutic targets including PARP1. Cancer Discovery (2012) 2(9):798-811. doi:
10.1158/2159-8290.CD-12-0112

13. Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting. Annu
Rev Immunol (2004) 22:329-60. doi: 10.1146/annurev.immunol.22.012703.104803

14. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer (2012) 12(4):252-64. doi: 10.1038/nrc3239

15. Zhou K, Li S, Zhao Y, Cheng K. Mechanisms of drug resistance to immune
checkpoint inhibitors in non-small cell lung cancer. Front Immunol (2023) 14:1127071.
doi: 10.3389/fimmu.2023.1127071

Frontiers in Oncology

05

10.3389/fonc.2024.1329152

16. Gettinger S, Choi J, Hastings K, Truini A, Datar I, Sowell R, et al. Impaired HLA
class T antigen processing and presentation as a mechanism of acquired resistance to
immune checkpoint inhibitors in lung cancer. Cancer Discovery (2017) 7(12):1420-35.
doi: 10.1158/2159-8290.CD-17-0593

17. Lim SM, Syn NL, Chul Cho B, Soo RA. Acquired resistance to EGFR targeted
therapy in non-small cell lung cancer: Mechanisms and therapeutic strategies. Cancer
Treat Rev (2018) 65:1-10. doi: 10.1016/j.ctrv.2018.02.006

18. Schoenfeld AJ, Chan JM, Kubota D, Sato H, Rizvi H, Daneshbod Y, et al. Tumor
analyses reveal squamous transformation and off-target alterations as early resistance
mechanisms to first-line Osimertinib in EGFR-mutant lung cancer. Clin Cancer Res
(2020) 26(11):2654-63. doi: 10.1158/1078-0432.CCR-19-3563

19. Lin C, Song H, Huang C, Yao E, Gacayan R, Xu S-M, et al. Alveolar type II cells
possess the capability of initiating lung tumor development. PloS One (2012) 7(12):
€53817. doi: 10.1371/journal.pone.0053817

20. Sutherland KD, Proost N, Brouns I, Adriaensen D, Song J-Y, Berns A, et al. Cell
of origin of small cell lung cancer: inactivation of Trp53 and Rb1 in distinct cell types of
adult mouse lung. Cancer Cell (2011) 19(6):754-64. doi: 10.1016/j.ccr.2011.04.019

21. Mainardi S, Mijimolle N, Francoz S, Vicente-Duefias C, Sanchez-Garcia I,
Barbacid M, et al. Identification of cancer initiating cells in K-Ras driven lung
adenocarcinoma. Proc Natl Acad Sci U.S.A. (2014) 111(1):255-60. doi: 10.1073/
pnas.1320383110

22. Brownson RC, Chang JC, Davis JR. Gender and histologic type variations in
smoking-related risk of lung cancer. Epidemiology (1992) 3(1):61-4. doi: 10.1097/
00001648-199201000-00012

23. Demedts IK, Vermaelen KY, van Meerbeeck JP. Treatment of extensive- stage
small cell lung carcinoma: current status and future prospects. EurRespir ] (2010) 35
(1):202-15. doi: 10.1183/09031936.00105009

24. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Cso6szi T, Fiilop A, et al.
Pembrolizumab versus chemotherapy for PD-L1-pPositive non- small-cell lung cancer.
N Engl ] Med (2016) 375(19):1823-33. doi: 10.1056/NEJMoal606774

25. Sehgal K, Varkaris A, Viray H, VanderLaan PA, Rangachari D, Costa DB, et al.
Small cell transformation of non-small cell lung cancer on immune checkpoint
inhibitors: uncommon or under-recognized? ] Immunother Cancer (2020) 8(1):
€000697. doi: 10.1136/jitc-2020-000697

26. Goldman JW, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide versus
platinum-etoposide alone in first-line treatment of extensive-stage small-cell
lung cancer (CASPIAN): updated results from a randomised, controlled, open-
label, phase 3 trial. Lancet Oncol (2021) 22(1):51-65. doi: 10.1016/S1470-2045(20)
30539-8

27. Mangum MD, Greco FA, Hainsworth JD, Hande KR, Johnson DH. Combined
small-cell and non-small-cell lung cancer. J Clin Oncol (1989) 7(5):607-12. doi:
10.1200/JC0O.1989.7.5.607

28. Bar J, Ofek E, Barshack I, Gottfried T, Zadok O, Kamer I, et al. Transformation
to small cell lung cancer as a mechanism of resistance to immunotherapy in non-
small cell lung cancer. Lung Cancer (2019) 138:109-15. doi: 10.1016/
j.lungcan.2019.09.025

frontiersin.org


https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.1016/j.semcancer.2023.05.006
https://doi.org/10.1016/j.semcancer.2023.05.006
https://doi.org/10.1056/NEJMoa0810699
https://doi.org/10.1200/JCO.2012.43.3912
https://doi.org/10.1073/pnas.0709662105
https://doi.org/10.1016/S1470-2045(14)71180-5
https://doi.org/10.1158/1078-0432.CCR-12-2246
https://doi.org/10.1200/JCO.18.01585
https://doi.org/10.1111/j.1349-7006.2007.00600.x
https://doi.org/10.1038/ncomms7377
https://doi.org/10.1158/2159-8290.CD-12-0112
https://doi.org/10.1146/annurev.immunol.22.012703.104803
https://doi.org/10.1038/nrc3239
https://doi.org/10.3389/fimmu.2023.1127071
https://doi.org/10.1158/2159-8290.CD-17-0593
https://doi.org/10.1016/j.ctrv.2018.02.006
https://doi.org/10.1158/1078-0432.CCR-19-3563
https://doi.org/10.1371/journal.pone.0053817
https://doi.org/10.1016/j.ccr.2011.04.019
https://doi.org/10.1073/pnas.1320383110
https://doi.org/10.1073/pnas.1320383110
https://doi.org/10.1097/00001648-199201000-00012
https://doi.org/10.1097/00001648-199201000-00012
https://doi.org/10.1183/09031936.00105009
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1136/jitc-2020-000697
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.1200/JCO.1989.7.5.607
https://doi.org/10.1016/j.lungcan.2019.09.025
https://doi.org/10.1016/j.lungcan.2019.09.025
https://doi.org/10.3389/fonc.2024.1329152
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Rare case report: a case of histological type transformation of lung cancer caused by neoadjuvant immunotherapy
	Introduction
	Case presentation
	Discussion
	Transformation of NSCLC into SCLC and T790M point mutation in EGFR-TK during EGFR-TKI treatment
	Transformation of NSCLC into SCLC during PD-1 treatment

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


