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Morphology of SCLC

Small cell lung cancer (SCLC) is 
also known as oat cell 
carcinoma. Its morphology 
resembles oat grains and 
appears as small oval cells 
with scanty cytoplasm. 

Image obtained from Pathpedia.com



SCLC 101

• Lung cancer is conventionally divided into small-cell lung cancer (SCLC) and 
non-small cell lung caner (NSCLC). 

• SCLC accounts for 10% to 15% of all lung cancer cases, and is closely linked to 
the intensity and duration of tobacco smoking. 

• Compared to NSCLC, SCLC tends to disseminate earlier in the course of its 
natural history and displays a more aggressive clinical behavior.

• SCLC is also commonly associated with paraneoplastic endocrinopathies, such 
as Cushing syndrome and Lambert-Eaton myasthenic syndrome. 



SCLC is a recalcitrant cancer

• Recalcitrant cancer: 
• Have a 5-year relative survival rate of less than 20% 
• Estimated to cause the death of at least 30,000 individuals in the 

United States per year. 

• NCI identified four major obstacles to progress in 2014: 
• Continuing risk of developing the disease that remains for decades 

after smoking cessation. 
• Most patients have widely metastatic tumors at the time of diagnosis. 
• Rapid development of resistance to chemotherapy in more than 95% 

of SCLC patients. 
• Lack of tumor tissue for clinical, molecular, and cell biological studies. 

SCLC: 

<7%

~30,000 
deaths/yr



Staging of SCLC: 2-stage system 

• Limited disease-SCLC (30-40%)
- Definition: Tumor and nodes confined to one hemithorax and able to be 

encompassed within a single radiotherapy port
- Treatment: Combination chemotherapy with thoracic radiation
- Median Overall survival: 15-20 months

• Extensive disease-SCLC: 
- Definition: All others. 
- Treatment: Combinatory chemotherapy
- Median Overall survival: 8-13 months



Systemic therapy of SCLC

• It was learned quite early in the 1970s that combinatory therapy 
produces superior survival compared with single-agent treatment 
based on several randomized trials.

• First-line therapy: platinum + etoposide
• Sensitive disease: relapse after three months of the last day of initial 

treatment 
• Refractory disease: relapse within three months of the last day of initial 

treatment 

• Second-line therapy: topotecan

• Third-line therapy: nivolumab



PCI (prophylactic cranial irradiation)

Slotman et al.  NEJM 2007;357:664-672

1. SCLC commonly metastasizes to brain.

2. In 1990s, meta-analysis shows that PCI 
improves overall survival in SCLC 
patients with complete remission from 
initial therapy. 

3. In 2007, PCI was proved to decrease 
brain metastasis, and improve PFS and 
OS in extensive-disease SCLC patients 
with a response after initial 
chemotherapy.   



PCI (cont.)

In a recent Japanese trial, PCI 
did not result in longer overall 
survival compared with 
observation in patients with 
extensive-disease small-cell 
lung cancer, who had any 
response to platinum-based 
doublet chemotherapy and no 
brain metastases on MRI.  

Takahashi,  et al. Lancet Oncology 18 (5), p663–671



Genetic abnormalities of SCLC



Genetic abnormalities of SCLC– Deletion of 3p21 

• Chromosomal region 3p21 was found to be 

consistently deleted not only in SCLC (almost 

100%), but in all major types of lung cancer 

(more than 90%).

• Chromosome 3p abnormalities appear early 

in the pathogenesis of lung cancer and are 

found as clonal lesions in the smoking 

damaged respiratory epithelium including 

histologically normal epithelium as well as in 

epithelium showing histologic changes of 

preneoplasia.

Kok et al. Nature 1987,330:578-581 



Genetic abnormalities of SCLC– Loss of Rb gene 

Harbour W et al. Science. 1988, 241:353-7. 

Northern Blot

Rb

b-actin

ØBesides chromosome 3p deletion, chromosomal regions of 13q and 17p are 
also frequently affected in SCLC.



Genetic abnormalities of SCLC – Inactivation of TP53 gene 

Takahashi et al. Science 1989, 246:491-4 



Conditional inactivation of Trp53 and Rb1 led to SCLC in 
mouse models  

Hyperplastic focus in the airway

(H&E staining)

Anti-BrdU staining 

SCLC became detectable within 196-350 days in the mouse model with conditional inactivation of TP53 and Rb1. 

Meuwissen R et al. Cancer Cell.  2003, 4: 181-9 



SCLC conversion is a resistance 
mechanism to EGFR TKI in lung 
adenocarcinoma

Niederst MJ et al. Nat Commun. 2015;6:6377.



Genomic abnormalities of SCLC: WES Analysis 

George et al. Nature 2015;524(7563):47-53



Pathways that are recurrently affected in SCLC

George et al. Nature 2015;524(7563):47-53



Inactivation of Crebbp accelerated development of SCLC in 
a mouse model

Jia et al. Cancer Discovery, 2018



Examples of Translational medicine: 
Story of Rova-T



Notch Signaling Pathway



Forced activation of Notch signaling decreased SCLC 
growth in a transgenic mouse model

George et al. Nature 2015;524(7563):47-53



Overexpression of DLL3 in SCLC

Saunders LR et al. Sci Tranl Medicine 2015



Rova-T: a DLL3 targeting antibody-drug conjugate

rovalpituzumab tesirine (Rova-T)

Saunders LR et al. Sci Tranl Medicine 2015



C Rudin 2016 ASCO: LBA8505



Waterfall plot showing best change in tumor burden from 
baseline at active treatment doses (N=60)

C Rudin et al. Lancet Oncology 2017, 18:42-51



C Rudin 2016 ASCO: LBA8505



Phase II result of Rova-T

https://news.abbvie.com/news/abbvie-announces-results-from-phase-2-study-evaluating-rovalpituzumab-tesirine-
rova-t-for-third-line-treatment-patients-with-dll3-expressing-relapsedrefractory-small-cell-lung-cancer.htm



Immunotherapy in SCLC



Checkpoint Signaling and Immune Activation

Nature Reviews Cancer volume12, pages252–264 (2012)http://www.geopolmonitor.com



Tumor Mutation Burdens in different cancers

Alexandrov LB, Nature 2013 



Schultheis AM, et al.  European J of Cancer (2015)

PD-1 and PD-L1 are expressed in the tumor stroma of small 
cell carcinoma in a small subset (18.5%) of patients



CD274 (PD-L1) gene is amplified in 1.9% of SCLC

George et al. Clinical Cancer Research 2017, 23(5):1220-6



Antonia S et al. 2016 ASCO: abstr 100



Antonia S et al. 2016 ASCO: abstr 100



Nivolumab
3 mg/Kg

Nivo 1 mg/kg
+

Ipi 3 mg/kg

Nivo 3 mg/kg
+

Ipi 1 mg/kg

Antonia S. et al. Lancet Oncol. 2016;17(7):883-95.



Scott A et al. 2016 ASCO: abstr 100



Tumor mutation burden is a potential biomarker to predict 
response to anti-PD1 therapy

Hellmann, et al. Cancer Cell 2018



Extrapulmonary small cell carcinoma (EPSCC)

Walenkamp et al. Cancer Treatment Reviews 25:228-236  

1. EPSCC is a rare group of 
cancers. 

2. First-line systemic 
chemotherapy  for EPSCC is 
EP doublet. 

3. Brain metastasis is rare in 
EPSCC except for prostate 
and head & neck SCC.  PCI 
should be decided on an 
individual basis. 



Summary
• SCLC is a recalcitrant cancer and new therapy is urgently needed.

• Inactivation of TP53 and RB1 is almost universal in SCLC. Other gene 
mutations may facilitate development and/or growth of SCLC. 

• Immune checkpoint inhibitor Nivolumab is recently approved as a 
third-line treatment for relapsed SCLC. Other novel therapies are 
being developed.



Questions?


