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OUTLINE

1. Insights from TRACERx: immune evasion; trunk vs subclonal
neoantigens

2. The New WHO Classification of Lung Tumors

3. Genetic risk of lung cancer

4. Vertical transmission of lung cancer
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Lung Cancer Immune Evasion: insights from TRACERx

IASLC January 2021

Charles Swanton

PL03.03



• TRACERx : 842 Lung and  350 renal cancer patients – primary surgical resection through to cure or 
recurrence

• Serial blood sampling CTCs and cfDNA, metastatic biopsies, Spatial and temporal multi-region sequencing to resolve evolution

• TRACERx patient who develops metastatic disease may consent for PEACE

• Tumour progression, drug resistance & metastasis from diagnosis to death

Post-mortem 
study

+/- Adjuvant 
chemotherapy

Diagnosis
Metastatic 

diseaseSurgical resection of primary 
tumour +/- lymph node(s) 

TRACERx : TRAcking Cancer Evolution through Therapy (Rx) PEACE Study

Extensive tumor sampling will help distinguish metastatic competent from incompetent subclones in the same patient

Standard of Care
and/or Trial 

therapies

Metastasis biopsy or 
resection

13 Hospital Sites
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Chromosomal Instability, Hopeful Monsters and Cancer Outcome

Richard Goldschmidt
Macroevolution

Rare karyotypic rearrangements
result in profound change and
phenotypic advantage:

TRACERx 100 Patients: CIN and Outcome

CIN Low (below median)

“Hopeful monsters”

CIN High (above median)

How and Why?
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TRACERx immune landscape

High InfiltrateLow Infiltrate.  High InfiltrateLow Infiltrate.  

Lung Adenocarcinoma Lung Squamous Carcinoma

Mixed
Mixed
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Diverse Cell Intrinsic Mechanisms of Immune Evasion

1. HLA Loss of Heterozygosity

CIITA, IRF1, PSME1,
PSME2, PSME3, ERAP1,
ERAP2, HSPA, HSPC,
TAP1, TAP2, TAPBP,
CALR, CNX, PDIA3, B2M.

2. Neoantigen evolution 
Neo-antigen  DNA Copy Number  Loss
Neo-antigen Transcript repression
Selection against clones harbouring neoantigens

3. Antigen Presentation Disruption
HLA enhanceosome
Peptide generation
Chaperones
MHC complex 

56-78% of early 
stage NSCLC 
have HLA LOH 
or antigen 
presentation 
disruption

Enriched in Immune Hot Tumours
Mutually Exclusive
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Checkpoint Inhibitor Acquired Resistance 

1. HLA Loss of Heterozygosity

2. Neoantigen Copy Number Loss 

3. Antigen Presentation Disruption



Managing Heterogeneity

Nicky Mcgranahan,  Andrew Furness,  Rachel 
Rosenthal, Sine Hadrup, Sergio Quezada

Target multiple trunk/clonal 
events in every cell

How?

Each patient needs a 
unique therapy



High Burden of Trunk Mutations in Tobacco associated NSCLC

NSCLC: 
Non-Smoker

NSCLC: 
Smoker

Number of Trunk Coding Mutations in TRACERx Cohort  

Nicky Mcgranahan, Nicolai Birkbak, Gareth Wilson, Tom Watkins, Crispin Hiley
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Meta-analysis of ICI Response >1000 Patients
Clonal but not Subclonal TMB predicts ICI Response

Kevin Litchfield in revision Please do not post
PL03.03 Charles Swanton, Lung Cancer Immune Evasion: insights from TRACERx



Personalized 
ctDNA
monitoring of 
trunk 
mutations
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Schema for Personalized Neoagntigen Vaccines and ctDNA Monitoring

Ma, Pham & Li, Clinical and Experimental Metastasis, in press



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors
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Summary of Key Points



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



PL01.05 Ming S. Tsao, The New WHO Classification of Lung Tumors



Taiwan Lung Cancer Screening in Never Smoker Trial (TALENT)

CXR

From Feb 2015 to July 2019, 17 medical centres participated

Non-smoking
55-75 y/o
lung cancer risks

■ Key inclusion criteria

■ 55-75 y/oa

■ Never smoking or SI < 10 PY and had quit > 15 yrs

■ Having one of the following risks

■ family history of lung cancer (≤ 3-degree)

■ environmental tobacco smoking history

■ chronic lung disease (TB, COPD)

■ cooking indexb ≥ 110

■ cooking without using ventilation

■ Negative CXR

pos

neg

Standard CE chest CT
pos

Bx or F/U

Low-dose chest CT
Biomarkers (blood, urine)
Questionnaire (FH, PH)

pos
Bx or F/U

PS02.02 Pan-Chyr Yang, Taiwan LDCT Lung Cancer TALENT Study Group, 2020.

■ Data cutoff: September 30, 2020
■ 13,207 subjects screened, 12,011 enrolled 
■ 6009 (50%) with family history

a Subjects with lung cancer FH: >50 yrs or > the age at 
diagnosis of the youngest lung cancer case in the family
b 2/7 x days with cooking by pan-frying, stir-frying, or 
deep-frying in 1 week (maximum=21) x Yrs with cooking

7
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TALENT NLST1 NELSON2 UKLS-pilot3 I-ELCAP4

w/ FH w/o FH ALL LDCT arm LDCT arm LDCT arm ALL

Population Never or light ex- smoker5 Smoker Smoker Smoker6 Mixed7

Patient number 6009 6002 12011 26309 7557 1994 31567

LDCT positive rate 17.7% 17.1% 17.4% 27.3% 20.8%8 13.3% 26.9%

T0 LC detection rate 3.2% 2.0% 2.6% 1.1% 0.9% 1.7% 1.1%

Sensitivity 91.7% 92.5% 92.0% 93.8% 94.6% 97.6% 98.8%

Specificity 84.7% 84.4% 84.6% 73.4% 98.3% 74.6% 87.9%

PPV 16.6% 10.8% 13.8% 3.8% 35.7% 7.6% 9.7%

NPV 99.7% 99.8% 99.7% 99.9% 99.9% 99.9% 100.0%

Stage 0-I (%) 96.4% 96.7% 96.5% 54.8% 63.9% 66.7% 85%9

TALENT vs Other LDCT Lung Cancer Screening Studies

Taiwan LDCT Lung Cancer TALENT Study Group, 2020

1 NEJM 2013, 2 NEJM 2020, 3 Thorax 2016, 4 NEJM 2006, 
5 6.7% are light ex-smokers, 6 99.9% are smokers, 7 82.8% are smokers, 
8 by the first scans, 9 including baseline and annual scans
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Absence Presence
R.R. (95% CI) p

n % n %

Lung cancer family history 120/6002 2.0 193/6009 3.2 1.61 (1.28—2.01) < 0.001

First-degree family 127/6432 2.0 186/5579 3.3 1.69 (1.35—2.11) < 0.001

Father 281/10377 2.7 32/1634 2.0 0.72 (0.50—1.04) 0.077

Mother 251/10241 2.5 62/1770 3.5 1.43 (1.09—1.88) 0.010

Brother 260/10901 2.4 53/1110 4.8 2.00 (1.50—2.67) < 0.001

Sister 244/10367 2.4 69/1644 4.2 1.78 (1.37—2.32) < 0.001

Second degree family 307/11645 2.6 6/366 1.6 0.62 (0.28—1.39) 0.238

Third degree family 312/11947 2.6 1/64 1.6 0.60 (0.09—4.20) 1.000

Environmental tobacco exposure 53/1999 2.7 254/9923 2.6 0.97 (0.72—1.29) 0.813

Chronic lung disease history 284/10568 2.7 19/1142 1.7 0.62 (0.39—0.98) 0.038

Cooking index ≥110 209/7591 2.8 104/4395 2.4 0.86 (0.68—1.08) 0.201

Cooking without ventilation 306/11800 2.6 7/211 3.3 1.28 (0.61—2.67) 0.513

Prevalence of Lung Cancer in Different Subpopulations

24

PS02.02 Pan-Chyr Yang, Taiwan LDCT Lung Cancer TALENT Study Group, 2020.



Meta analysis of 13 cohorts and 22 
cancer registry studies

(Thun et al, PLoS Med, 2008)

Lung Cancer in Never-smoking Asians  

Environmental factors?

Passive smoking
Cooking oil vapors

Genetic factors?

PL01.06 Takashi Kohno, Molecular Epidemiology of Asian Lung Cancer
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* Caucasian-specific risk locus
* Asian-specific risk locus
* Common risk locus

Chr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
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TERT
(McKay et al, Nat Genet, 2008; Broderick et al, 
Cancer Res, 2009; Landi et al, AJHG, 2009) 
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(Adapted from Bossé et al, CEBP, 2018)
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HLA-DPB1: preferentially associated with EGFR-mut+ LADC risk
(Shiraishi et al, Nat Comm, 2016) 

*

CHRNA3/5 (Cholinergic Receptor Nicotinic Alpha 3 Subunit-3/5)
(Hung et al, Thorgeirsson et al, Nature, 2008; 
Amos et al, Nat Genet, 2008; Liu et al, JNCI 2008) 

Common Variants Affect Lung Cancer Risk in an Ethnicity-dependent Manner



(Arakawa et al, NEJM, 2021)

Vaginal Transmission of Cancer from Mothers with Cervical Cancer to Infants: A New Cause of Lung Cancer
Aspiration of mother’s cervical cancer cells in amniotic fluids into the lungs at birth 



(Arakawa et al, NEJM, 2021)

Vaginal Transmission of Cancer from Mothers with Cervical Cancer to Infants: A New Cause of Lung Cancer
Aspiration of mother’s cervical cancer cells in amniotic fluids into the lungs at birth 

Pregnancy Childbirth

Amniotic 
fluid

Cervical
cancer

Uterine
wall

Umbilical
cord

Mother's cancer cells mix 
with amniotic fluid 

during childbirth

Mixed with
cancer cells

Amniotic fluid
mixed with 
cancer cells

Infant aspirates cancer cells
into the lungs 
at  “first cry”
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TAKE HOME MESSAGES

1. Advances in NGS technology and computational bioinformatics have greatly 
enhanced our understanding of tumor heterogeneity and progression in 
individual tumors. 

2. Clinical use of these tools will continue to transform the diagnosis and 
treatment of lung cancer towards the goal of precision oncology. 

3. There are a growing number to new molecular subtypes of lung cancer.

4. Unmet needs to understand the impact of familiar lung cancer risk and to 
develop the strategy for lung caner screening in never smokers.  

5. New route of lung cancer transmission through body fluid?   


