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brain metastatic small cell
lung cancer: a case report
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Medicine, Southern Medical University, Guangzhou, China
Purpose: Brain metastases (BMs) are common in Small Cell Lung Cancer (SCLC),

but the prognosis is very poor. Currently, there is no standard of care on what

constitutes optimal treatment, and there is no consensus regarding maintenance

therapy in SCLC.

Case description:We report the case of a 55-year-old manwith advanced SCLC.

After the initial diagnosis, he received routine chemotherapy and chest

radiotherapy but developed brain metastases with 2 lesions seven months

later. We used an effective combination therapy consisting of the

antiangiogenic inhibitor, Anlotinib and whole-brain radiotherapy. We then

administered anti-PD-L1 immunotherapy Atezolizumab in combination with

Anlotinib as long-term maintenance therapy. Twelve months later, there was a

progression in one of the brain metastases. The patient underwent further

stereotactic radiotherapy (SRT) for the lesion. However, after four months of

treatment with SRT, the lesion began to gradually grow in size. The patient

underwent surgical resection of the lesion, which confirmed radioactive brain

necrosis. After a full 3-year course of anti-PD-L1 therapy, the patient

discontinued immunotherapy and was administered only Anlotinib as

maintenance. At the time of writing up this report, the patient was alive and

the overall survival reached 41 months after the onset of BM.

Conclusion: This indicated a potential synergistic effect of combined

immunotherapy and antiangiogenic targeted therapy with local radiotherapy in

patients with BM-SCLC and can provide directions for future clinical decisions.

KEYWORDS

anti-angiogenesis, immune checkpoint inhibitor (ICIs), radiation therapy, small cell lung
cancer (SCLC), case report
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Introduction

Small cell lung cancer (SCLC) is a special type of lung tumor

which is highly malignant, aggressive, and prone to widespread

metastasis in the early stage. About 60% to 70% of small cell lung

cancer patients are diagnosed as extensive stage (ES) (1), and the

five-year survival rate is less than 8% (2).Compared to other types of

cancer, the incidence of brain metastases (BMs) is relatively high. It

has been reported that the incidence is about 10% of at diagnosis but

may be more than 50% of 2-year survivors (3–5). Once brain

metastasis occurs, it can significantly affect the general performance

status (PS) and prognosis of patients (6).

Radiotherapy and chemotherapy have traditionally been the

cornerstone of brain metastatic small cell lung cancer. In recent

years, immunotherapy based on immune checkpoint inhibitors

(ICIs), especially the antibodies targeting PD-L1 and the

antiangiogenic targeted therapeutic drug, Anlotinib, was found to

have a certain intracranial control rate and became the main

alternative, although the overall efficacy remains moderate (7–9).

In addition, the role of immunotherapy and antiangiogenic targeted

therapy in the maintenance of extensive SCLC has not been

recognized (10–12).

Here, we have reported the case of a patient with ES-SCLC who,

even after brain metastases, was able to survive long-term with a

combination of local and systemic treatments, including brain

radiation, anti-PD-L1 immunotherapy, and anti-angiogenic

targeting. This highlights the importance of these three combined

treatment strategies. This study was approved by the Ethics

Committee of the Hospital of Chongqing University Cancer

Hospital, and the patient gave informed consent.
Case description

A 55-year-old Asian male presented to a local hospital in

February 2019 with a 1-week history of cough and expectoration.

The Eastern Cooperative Oncology Group - Performance Status

(ECOG-PS) score (13) was 1. The patient had a history of smoking

for 30 years, 730 packs per year with no special medical, family, or

psycho-social history. The primary physical examination showed

that the right lung breathing sound of the patient was slightly

weakened compared to the contralateral side, and the remaining

examinations were negative. Thoracic contrast-enhanced CT

(Figure 1A) showed a mass of approximately 7.5 cm × 3.9 cm in

the center of the right lung with corresponding bronchial

obstruction and obstructive inflammation encircling the vessels of

the right lung, highly suggestive of bronchogenic carcinoma. At the

same time, the right hilar and mediastinal lymph nodes were
Abbreviations: SCLC, Small cell lung cancer; BMs, Brain metastases; ICIs,

Immune checkpoint inhibitors; ES-SCLC, Extensive stage-small cell lung

cancer; PD-L1, Programmed death-ligand 1; PS, Performance status; ECOG,

the Eastern Cooperative Oncology Group; CT, Computed tomography; PR,

Partial response; RECIST, the Response Evaluation Criteria in Solid Tumors;

IMRT, Intensity-modulated radiation therapy;SIB, Simultaneous integrated

boost; SRT, Stereotactic radiotherapy; TME, Tumor microenvironment.
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enlarged. Fiberoptic bronchoscopy biopsy showed middle right

lung branch small cell lung cancer (Figure 1B). A thorough basic

imaging examination, including bone ECT, brain MRI, and

abdominal CT, ruled out metastatic lesions. Initial diagnosis:

Small cell carcinoma of the right lung in cT4N2M0, IIIB

(American Joint Committee on Cancer (AJCC) Version 8 staging

criteria) (14).

The patient received two cycles of first-line intravenous

chemotherapy with the EP regimen: 500 mg Etoposide (60 mg/

m2, d1-5 every 21 days) +100 mg Nedaplatin (80 mg/m2, d1 every

21 days). The patient’s cough and expectoration resolved rapidly

after treatment. Chest CT showed a marked reduction of the

pulmonary lesion (Supplementary Figure 1A). However, bone

ECT showed additional metastasis in the fourth thoracic vertebra

(T4) (Supplementary Figure 1B). Given the asymptomatic bone

metastasis and marked reduction of the lung lesion, he was

administered a 2-cycle chemotherapy with the original EP

regimen combined with the anti-PD-1 inhibitor Sintilimab

(200mg) at the local hospital.

The patient came to our hospital on May 28, 2019, for follow-up

diagnosis and treatment. On examination, the lesions in the

pulmonary and mediastinal lymph nodes were markedly reduced

and had almost disappeared (Supplementary Figure 2A). Based on

the criteria for efficacy evaluation (Response Evaluation Criteria In

Solid Tumors (RECIST) v1.1) (15) for solid tumors, we assessed the

overall efficacy as partial response (PR), and we recommended

chest irradiation.

From June 05 to July 10, 2019, the patient received a total dose

of 36Gy/18F T4 vertebral body and 50Gy/25F thoracic involving

field radiotherapy using 6MV-X-ray IMRT (Figure 2A). The organs

at risk were within limits, well below the dose limit (for example,

lung V5 = 52.0%, lung V20 = 22.0%, lung V30 = 11.7%, and lung

Dmean = 11.5Gy) (Figure 2A). However, one month after the

radiation therapy, the patient developed Grade II radiation

pneumonitis according to the toxicity criteria for common

adverse events (Version 4.0) (16) (Supplementary Figure 2B). The

patient’s symptoms were significantly alleviated after oral

administration of prednisone acetate tablets and other treatments.

There was no subsequent recurrence of radiation pneumonitis and

no hormone-related complications.

Two months after the chest radiotherapy, on re-examination,

we found stable pulmonary and regional lymph node lesions, but

the brain MRI (September 17, 2019) showed new enhanced nodules

in the right occipital lobe (1.1 cm × 0.8 cm × 0.9 cm) and right

frontal lobe (0.5 cm maximum diameter) suggesting brain

metastatic lesions (Figure 2B). We revised the diagnosis to right

lung small cell carcinoma, ycT4N2M1c, stage IVB (AJCC stage 8)

with bone and brain metastases, and we evaluated the progressive

disease (PD) efficacy.

At this point, the patient’s lung lesions had narrowed steadily,

with two asymptomatic brain metastases, and he had recently

recovered from the radiation pneumonitis. He was treated with

whole-brain radiotherapy followed by targeted therapy with

synchronous oral administration of Anlotinib. Whole brain

irradiation (WBI) was performed using the TOMO radiotherapy

technique along with a sequential boost to lesions, while protecting
frontiersin.org

https://doi.org/10.3389/fonc.2023.1209758
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Long et al. 10.3389/fonc.2023.1209758
the key functional areas of the hippocampus (whole brain dose:

30Gy/10F, and the local dose for tumor lesions: 45Gy/15F)

(Figure 2B). Anlotinib was prescribed as per the standards (12 mg

daily orally for 14 consecutive days, repeated every 3 weeks).

After whole-brain radiotherapy, the patient showed complete

recovery from radiation pneumonia (Supplementary Figure 2C),

and immunotherapy was restarted. Anti-angiogenic targeted

therapy, that is, Anlotinib combined with anti-PD-L1

Atezolizumab as maintenance therapy, was continued for a long

time. There was no Anlotinib-related adverse event, such as

hypertension or proteinuria, or no immune-related adverse

reaction during this period, and the disease was assessed as stable

with periodic imaging evaluation once every three months.

In September 2020, that is, 12 months after brain radiotherapy,

the brain MRI examination showed an enlargement of the original
Frontiers in Oncology 03
right occipital lobe lesion (0.3cm→1.5cm) without any symptoms.

After one month of follow-up, the lesion continued to grow

(1.5cm→1.9cm). At that point, the extracranial lesions remained

stable. Local progression of the intracranial lesions was considered

clinically in combination with the medical history and with

reference to MRI imaging findings. The patient refused surgery

and opted for further radiation treatment of the brain lesion.

From September 9 to September 11, 2020, we administered

EDGE accelerator stereotactic radiotherapy (SRT) with 6 mV X-

rays at a total dose of 27Gy/3F for the patient’s right occipital brain

metastasis (Figure 2C). The metastasis was controlled for one

month after SRT treatment and did not continue to grow.

However, after 4 months of treatment with SRT, the

aforementioned lesion began to gradually increase (Figure 3A). At

that time, we could not completely rule out intracranial progression
B C

A

FIGURE 2

(A) Individualized thoracic irradiation utilizing intensity-modulated radiation therapy technique. (B) Whole brain irradiation (WBI) with a sequential
boost to lesions, while protecting the key functional areas of the hippocampus using TOMO technique (30Gy/10F for the whole brain and the
synchronous dose of 45Gy/15F for the focus). (C) Re-irradiation of the right occipital lobe brain metastasis with stereotactic radiotherapy (SRT) by
EDGE accelerator (27Gy/3F).
B

A

FIGURE 1

(A) Thoracic CT at initial diagnosis in February 2019, showing a mass of about 7.5 cm × 3.9 cm in the right central lung and the right hilar, enlarged
mediastinal lymph nodes. (B) Hematoxylin and Eosin staining and IHC staining of the Biopsy Specimen, indicating positivity for Ki-67, CD56, and Syn.
IHC, immunohistochemistry; Syn, synaptophysin.
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and considered possible radiological brain injury. On June 2, 2021,

the patient underwent partial surgery for this brain lesion, which

was finally confirmed as radiation necrosis (Figure 3B).

In October 2022, our patient stopped anti-PD-L1

immunotherapy after a full 3-year course of immunotherapy and

was then continued on the single drug Anlotinib for maintenance

with fine tolerance. At the last follow-up visit on 10 February 2023,

overall survival (OS) from the time of first diagnosis of SCLC to

present was 48 months and OS from the time of confirmation of

brain metastases to present was 41 months (Figure 3C). To date,

excellent tumor control had been achieved (Supplementary

Figure 3) and the patient had a high quality of life.
Discussion

Brain metastases (BMs) are common in small cell lung cancer

(SCLC) and have very poor prognosis. Currently, there is no

consensus on what constitutes the best treatment. Based on the

IMpower133 and the CASPIAN study (7, 8), anti-PD-L1 inhibitor

immunotherapy combined with chemotherapy has been

recommended as a new first-line treatment for ES-SCLC. At the

same time, in the ALTER 1202 study, as an anti-angiogenic tyrosine

kinase inhibitor, Anlotinib was found to target VEGFR2 highly

selectively, showing satisfactory intracranial control rate in brain

metastatic small cell lung cancer (BM-SCLC) (9). In the treatment

of ES-SCLC in third-line and above, Anlotinib improved the

progression-free survival (PFS) by 3 months and the OS by 3.7

months in the brain metastasis subgroup. Therefore, as per the

guidelines of the Chinese Society of Clinical Oncology (17), it has

been approved for use in the treatment of ES-SCLC.

However, the efficacy of immunotherapy or antiangiogenic

targeted therapy remains modest. In addition, there are mixed
Frontiers in Oncology 04
opinions on the maintenance therapy of ES-SCLC with no clear

consensus reached (10, 11), mainly because most maintenance

therapy drugs, including pembrolizumab maintenance

immunotherapy, failed to show significant improvement in clinical

outcomes (10). However, a randomized Phase II trial (CALGB 30504)

evaluating sunitinib, a vascular endothelial growth factor receptor

inhibitor, as maintenance therapy (12) demonstrated that sunitinib

was safe for use in a wide range of small cell lung cancers and improved

PFS (3.7 months vs.2.1 months, P = 0.02).

Here we have reported our individualized treatment experience

consisting of a combination of systemic and local treatment

strategies, including combined brain radiotherapy, anti-PD-L1

immunotherapy and anti-angiogenic targeting, and the treatment

of brain metastatic SCLC(BM-SCLC) with the immune checkpoint

inhibitor (ICIs) in combination with Anlotinib as long-term

maintenance. The patient maintained an OS up to 41 months

after the brain metastasis as of present, and the clinical efficacy

was long-lasting, the patient was alive, and the quality of life was

good. Now he is very satisfied with our work, and because of the

good therapeutic efficacy, he is more and more cooperating with the

treatment suggestions, and trusts doctors. This case proved to some

extent that anti-angiogenesis can improve the efficacy of

immunotherapy and prolong the time of clinical benefit.

In fact, immunotherapy combined with antiangiogenic targeted

therapy is a promising strategy, which has been proved in different

tumor types such as non-small cell lung cancer, hepatocellular

carcinoma, and renal cell carcinoma (18). However, the evidence

for this combination in small cell lung cancer remains insufficient

and most are still in clinical trials (NCT04490421, NCT04192682,

NCT04055792). Previous studies (18, 19) elucidated the potential

mechanism of this combination therapy to improve the efficacy of

immunotherapy by transforming the immunosuppressive tumor

micro-environment (TME) into an immune-active TME.
B

C

A

FIGURE 3

(A) The gradual increase of the right occipital lobe brain metastasis after SRT treatment in MRI. (B) Postoperative pathology of the enlarged brain
lesion in the right occipital lobe, which was later confirmed as radiation necrosis. (C) Flow chart of the whole treatment.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1209758
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Long et al. 10.3389/fonc.2023.1209758
In this case of BM-SCLC, local treatment was also very important,

and the multidisciplinary treatment team consisting of neurosurgeons,

medical oncologists, and radiation oncologists, integrated systematic

and local treatments at the right time. The patient received

individualized chest radiation therapy, including conventional chest

involvement with adjacent T4 thoracic bone metastases, and two brain

radiotherapy sessions with advanced radiation therapy techniques,

including TOMO radiation to protect the hippocampus and

fractionated stereotactic radiotherapy for SRT. In addition, local

surgical resection was also performed when it was not possible to

distinguish radiation brain necrosis from disease progression.

It has been reported that local radiotherapy (especially high-dose

SRS and SBRT) had synergistic effects with anti-PD-L1

immunotherapy and anti-angiogenesis targeted therapy (20–23).

Radiotherapy induces vascular normalization, enhances the release

and presentation of tumor antigens, drives the infiltration of effector

T cells into tumor tissue, and upregulates the expression of tumor

PD-L1 and MHC-I. This upregulation can be overcome by treatment

with immune checkpoint inhibitors. Anti-angiogenic therapy can

promote the metastasis of immune effector cells to the tumor site to a

certain extent, and limit hypoxia, thereby increasing the sensitivity of

cancer cells to radiotherapy and enhancing the effect of

immunotherapy. These dynamic interactions provide a theoretical

basis for the combined use of immunotherapy, radiotherapy, and

antiangiogenic targeted therapy for cancer management (23). This is

a complex and intractable problem that needs further study.

Conclusion

SCLC-BM remains a prominent medical challenge. In this report,

we proposed an effective comprehensive treatment model combining

immunotherapy, targeted therapy, and brain radiotherapy for the

treatment of ES-SCLC with brain metastasis. In this case, the clinical

benefit of antiangiogenic targeted therapy combined with PD-L1

inhibitors as maintenance therapy significantly inhibited the

progression of extracranial tumors, with long-lasting clinical

benefits. The above results highlight the importance of this

comprehensive treatment strategy and can broaden therapeutic

ideas, so as to provide reference for further relevant clinical research.
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SUPPLEMENTARY FIGURE 1

After two cycles of intravenous chemotherapy in April 2019. (A) Thoracic CT

shows that the lung lesion is significantly reduced. (B) Bone ECT indicates
new metastasis of the fourth thoracic vertebra (T4).

SUPPLEMENTARY FIGURE 2

(A) Thoracic CT in May 2019 when the patient came to our hospital first,

showing that the lesions of lung and mediastinal lymph nodes have shrunk
considerably and almost disappeared. (B) Thoracic CT in August 2019 when

one month after thoracic radiotherapy showing that the patient has Grade 2
radiation pneumonia. (C) Thoracic CT in June 2020, indicating that the

patient completely recovered from radiation pneumonitis after treatment.

SUPPLEMENTARY FIGURE 3

Thoracic CT (left) and brain MRI (right) in October 2021. This is four months
after surgery of the enlarged brain lesion in the right occipital lobe. It indicates

that very good tumor control has been achieved.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1209758/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1209758/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1209758
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Long et al. 10.3389/fonc.2023.1209758
References
1. Xue P, Wang N, Mao Y, Zhu S. Anti-angiogenesis treatment in a patient with
appendix metastasis of small cell lung cancer: A case report.Med (Baltimore) (2019) 98:
e15333. doi: 10.1097/MD.0000000000015333

2. Ando K,Manabe R, Kishino Y, Kusumoto S, Yamaoka T, Tanaka A, et al. Comparative
efficacy and safety of immunotherapeutic regimens with PD-1/PD-L1 inhibitors for
previously untreated extensive-stage small cell lung cancer: A systematic review and
network meta-analysis. Curr Oncol (2021) 28:1094–113. doi: 10.3390/curroncol28020106

3. Lukas RV, Gondi V, Kamson DO, Kumthekar P, Salgia R. State-of-the-art
considerations in small cell lung cancer brain metastases. Oncotarget (2017) 8
(41):71223–33. doi: 10.18632/oncotarget.19333

4. Glantz MJ, Choy H, Yee L. Prophylactic cranial irradiation in small cell lung
cancer: rationale, results and recommendations. Semin Oncol (1997) 24:477–83.

5. Nakahara Y, Sasaki J, Fukui T, Otani S, Igawa S, Hayakawa K, et al. The role of
prophylactic cranial irradiation for patients with small-cell lung cancer. Jpn J Clin Oncol
(2018) 48(1):26–30. doi: 10.1093/jjco/hyx146

6. Zhu Y, Cui Y, Zheng X, Zhao Y, Sun G. Small-cell lung cancer brain metastasis:
From molecular mechanisms to diagnosis and treatment. Biochim Biophys Acta Mol
Basis Dis (2022) 1868:166557. doi: 10.1016/j.bbadis.2022.166557

7. Horn L, Mansfield AS, Szczesna A, Havel L, Krzakowski M, Hochmair MJ, et al.
First-line atezolizumab plus chemotherapy in extensive-stage small-cell lung cancer. N
Engl J Med (2018) 379:2220–9. doi: 10.1056/NEJMoa1809064

8. Paz-Ares L, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab plus platinum-etoposide versus platinum-etoposide in first-line treatment
of extensive-stage small-cell lung cancer (CASPIAN): a randomised, controlled, open-
label, phase 3 trial. Lancet (2019) 394:1929–39. doi: 10.1016/S0140-6736(19)32222-6

9. Cheng Y,WangQ, Li K, Shi J, Liu Y,WuL, et al. Anlotinib vs placebo as third- or further-
line treatment for patients with small cell lung cancer: a randomised, double-blind, placebo-
controlled Phase 2 study. Br J Cancer (2021) 125:366–71. doi: 10.1038/s41416-021-01356-3

10. Gadgeel SM, Pennell NA, Fidler MJ, Halmos B, Bonomi P, Stevenson J, et al. Phase II
study of maintenance pembrolizumab in patients with extensive-stage small cell lung cancer
(SCLC). J Thorac Oncol (2018) 13:1393–9. doi: 10.1016/j.jtho.2018.05.002

11. Rossi A, Garassino MC, Cinquini M, Sburlati P, Di Maio M, Farina G, et al.
Maintenance or consolidation therapy in small-cell lung cancer: a systematic review
and meta-analysis. Lung Cancer (2010) 70:119–28. doi: 10.1016/j.lungcan.2010.02.001

12. Ready NE, Pang HH, Gu L, Otterson GA, Thomas SP, Miller AA, et al.
Chemotherapy with or without maintenance sunitinib for untreated extensive-stage
Frontiers in Oncology 06
small-cell lung cancer: A randomized, double-blind, placebo-controlled phase II study-
CALGB 30504 (Alliance). J Clin Oncol (2015) 33:1660–5. doi: 10.1200/
JCO.2014.57.3105

13. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al.
Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin
Oncol (1982) 5((6):649–55. doi: 10.1097/00000421-198212000-00014

14. Bierley JD, Gospodarowicz MK, Wittekind C. TNM classification of Malignant
tumours. 8th ed. New Jersey: Wiley-Blackwell (2017).

15. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

16. National Cancer Institute.Common Terminology Criteria for Adverse Events (CTCAE)
Version 4.0. Rockville, MD: National Cancer Institute (2009). https://evs.nci.nih.gov/ftp1/
CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf.

17. Chinese Society of Clinical Oncology. CSCO primary diagnosis and treatment
guidelines for lung cancer. Beijing: CSCO (2019).

18. Hu H, Chen Y, Tan S, Wu S, Huang Y, Fu S, et al. The research progress of
antiangiogenic therapy, immune therapy and tumor microenvironment. Front
Immunol (2022) 13:802846. doi: 10.3389/fimmu.2022.802846

19. Ren S, Xiong X, You H, Shen J, Zhou P. The combination of immune checkpoint
blockade and angiogenesis inhibitors in the treatment of advanced non-small cell lung
cancer. Front Immunol (2021) 12:689132. doi: 10.3389/fimmu.2021.689132

20. Sharabi AB, Tran PT, Lim M, Drake CG, Deweese TL. Stereotactic radiation
therapy combined with immunotherapy: augmenting the role of radiation in local and
systemic treatment. Oncol (Williston Park) (2015) 29:331–40.

21. Chicas-Sett R, Morales-Orue I, Castilla-Martinez J, Zafra-Martin J, Kannemann
A, Blanco J, et al. Stereotactic ablative radiotherapy combined with immune checkpoint
inhibitors reboots the immune response assisted by immunotherapy in metastatic lung
cancer: A systematic review. Int J Mol Sci (2019) 20:2173. doi: 10.3390/ijms20092173

22. Wang NH, Lei Z, Yang HN, Tang Z, YangMQ,Wang Y, et al. Radiation-induced
PD-L1 expression in tumor and its microenvironment facilitates cancer-immune
escape: a narrative review. Ann Transl Med (2022) 10:1406. doi: 10.21037/atm-22-6049

23. Zhu L, Yu X, Wang L, Liu J, Qu Z, Zhang H, et al. Angiogenesis and immune
checkpoint dual blockade in combination with radiotherapy for treatment of solid
cancers: opportunities and challenges. Oncogenesis (2021) 10:47. doi: 10.1038/s41389-
021-00335-w
frontiersin.org

https://doi.org/10.1097/MD.0000000000015333
https://doi.org/10.3390/curroncol28020106
https://doi.org/10.18632/oncotarget.19333
https://doi.org/10.1093/jjco/hyx146
https://doi.org/10.1016/j.bbadis.2022.166557
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1038/s41416-021-01356-3
https://doi.org/10.1016/j.jtho.2018.05.002
https://doi.org/10.1016/j.lungcan.2010.02.001
https://doi.org/10.1200/JCO.2014.57.3105
https://doi.org/10.1200/JCO.2014.57.3105
https://doi.org/10.1097/00000421-198212000-00014
https://doi.org/10.1016/j.ejca.2008.10.026
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03/Archive/CTCAE_4.0_2009-05-29_QuickReference_8.5x11.pdf
https://doi.org/10.3389/fimmu.2022.802846
https://doi.org/10.3389/fimmu.2021.689132
https://doi.org/10.3390/ijms20092173
https://doi.org/10.21037/atm-22-6049
https://doi.org/10.1038/s41389-021-00335-w
https://doi.org/10.1038/s41389-021-00335-w
https://doi.org/10.3389/fonc.2023.1209758
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Long-term survival with a combination of immunotherapy, anti-angiogenesis, and traditional radiotherapy in brain metastatic small cell lung cancer: a case report
	Introduction
	Case description
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


