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[ Abstract ] Lung cancer is one of the malignant tumors with the highest morbidity and mortality in the world. Im-
mune checkpoint inhibitors (ICIs), including programmed cell death 1 (PD-1) antibody, programmed cell death ligand 1
(PD-L1) antibody, and cytotoxic T lymphocyte associated protein 4 (CTLA-4) antibody. It has brought significant survival
benefits to some patients with advanced lung cancer and changed the treatment pattern of advanced lung cancer. Previous stud-
ies have shown that the objective response rate of PD-1/PD-L1 antibody in advanced non-small cell lung cancer (NSCLC) is
only about 20%. So reliable biomarkers are urgently needed to screen out the potential benefit population of ICIs and improve
the clinical response rate. Tumor mutational burden (TMB) is an emerging biomarker of immunotherapy in addition to PD-L1
expression. There is little correlation between PD-L1 expression and TMB in lung cancer. It is estimated that TMB can expand
the benefit population of immunotherapy. However, in clinical practice, the detection of TMB, the determination of cut-off
value and the clinical guidance strategy are still not standardized. This consensus will give guiding suggestions on the detection
and application scenarios of TMB, so as to promote the standardization of TMB application for immunotherapy in lung cancer.

Key words Lung neoplasms; Immunotherapy; Immune checkpoint inhibitors; Tumor mutational burden; Expert

- 743 -

consensus
non-small cell lung cancer, PD-L1
NSCLC small cell lung cancer, SCLC tumor mutational burden, TMB TMB 2013
immune checkpoint Nature o 30 7,000
inhibitors, ICIs whole genome sequencing,
1 programmed cell death 1, PD-1 WGS whole exome sequencing, WES
programmed cell death ligand 1, PD-L1
megabase, Mb 2014
[2]
E-mail: zlhuxi@163.com E-mail:
caicunzhoudr@163.com E-mail: 18930858216@163.com WES 100

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



o« 744 2021 11

overall survival, OS

TMB 20158
TMB NSCLC )
Science TMB NSCLC
progression-free survival, PFS
CheckMate-026 CheckMate-227
TMB NSCLC 2017

10 [4]
WES TMB
TMB 2019

Chinese Society of Clinical Oncology, CSCO

Genome Medicine
panel

panel

National Comprehensive Cancer

Network, NCCN TMB
2020 Food and
Drug Administration, FDA Pembrolizumab
TMB
Pembrolizumab TMB
TMB
2020
I TMB
TMB
TMB
1 TMBHIZEX
TMB
[6]
WES [7-10] TMB
exome
mutations, muts muts/exome WES
TMB Ml WES
TMB WES
next-generation sequencing
panel, NGS panel [217]
TMB
megabase, Mb
muts/Mb

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

24 11 Chin J Lung Cancer, November 2021, Vol.24, No.11
TMB
CheckMate-026 Pl TMB WES
NGS
panel TMB TMB
NGS panel
TMB
[418,19]
2 TMBRJRTT 3%
2.1 WES WES TMB NSCLC
WES  TMBPO)
WES TMB
WES
FDA
WES TMB Omics Core®™,
NantHealth
2.2 NGS panel NGS panel TMB
NGS panel TMB WES TMB
[11]
NGS panel TMB [23,24]
TMB WES
NGS panel TMB TMB
NGS panel
TMB
NGS panel 20.8 Mb
TMB O
WES 100x
15% 2] NGS panel
500x 126,27
panel FoundationOne CDx Foundation
Medicine PGDx Elio Tissue Complete Personal Genome
Diagnostics panel FoundationOne
Liquid CDx, Foundation Medicine FDA TMB
NGS panel

TMB WES TMB

National Medical Products

Administration, NMPA FDA

http://www.cnki.net



2021 11 24 11

Chin J Lung Cancer, November 2021, Vol.24, No.11 * 745

NGS panel TMB

3 EITMBINAIEZ=

DNA
TMB
DNA DNA
DNA
[28-30]
TMB [31,32]
6]
4 TMBHIEREX
T
31 PD-1 PD-L1 T
4 cytotoxic T lymphocyte antigen 4, CTLA-4
T
TMB

T
ICIs TMB
2015 TMB
KEYNOTE-158
(34] 10 1,032
Pembrolizumab TMB
objective response rate, ORR ~ 29%
TMB ORR 6% Pembrolizumab
FDA TMB
TMB TMB>
10 muts/Mb TMB
TMB blood-based TMB, bTMB
2018 Nature

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Medicine (3] bTMB Atezolizumab
bTMB NSCLC
Atezolizumab ORR PFS 2019
JAMA Oncology 4] NGS panel
bTMB NSCLC
ORR PES 2020 Journal of Thoracic Oncology
(23] bTMB LAF-bTMB
low allele frequency, bTMB NSCLC

ORR PES (ON}
bTMB

5 TMBL - FRhERZIRTEIR
H#i0—: WESETMB N & 158, BEEINFRAFAS5

MEER S . NGS panel SWESHITMBI N EREE S E
— B 1%, 253 IERINGS panel ATYE N G RN TM BRI

KA.
TMB WES FDA
WES TMB Omics Core™
19,396 DNA 39 Mb coding
sequence, CDS 33.7Mb WES
NGS panel
NGS panel TMB WES
TMB ICIsBY
NGS TMB
NGS panel
NGS panel
WES TMB
TMB DNA DNA
damage repair, DDR [3¢]
TMB NGS panel WES
TMB NGS panel
WES TMB
NGS panel NGS
panel TMB WES TMB
NGS panel TMB
WES NGS panel
TMB

http://www.cnki.net



. 746 ¢ 2021 24 11 Chin J Lung Cancer, November 2021, Vol.24, No.11
NGS panel TMB
TMB TMB TMB
NGS panel WES TMB
FDA TMB NGS panel 1 WES
TMB 8 mL-10 mL
FDA NGS panel MSK-IMPACT
TMB MSK-IMPACT
WES TMB DNA circulating tumor
DNA, ctDNA
ctDNA bTMB
HiIQ T~ B R PR A SR MEE A S AT T TMB
. 72 AR LE LR BRI ME Bl A 4 BB A AR R AR A iR &
EREHERT, BAAINSCLCEEANAFRINEMFITHETF DNA cell free DNA,
ctDNAHIbTMBAE . cfDNA DNA
TMB cfDNA -80°C
TMB ctDNA bTMB
S mmxS mmx3 mm [47-49] [35,50] ctDNA
TMB ctDNA bTMB
10 min 10% [48,51,52] ctDNA bTMB
ctDNA
1 mm 10 mm 1 TMB
4 ym-S ym NSCLC TMB
TMB S TMB ORR
10 TMB PES[30:53) ctDNA B-FIRST (4
1 6 Atezolizumab bTMB bTMB NSCLC
6 ORR 36.4% 6.4% PES 9.5 2.8
(37] DNA POPLAR OAK [24,35] bTMB
TMB [38-40] FDA TMB PES bTMB (O bTMB bTMB
Song  DNA bTMB (23]
DNA [41-44] bTMB (ON]
CheckMate-032
24 h 12 h*) TMB SCLC Nivolumab Ipilimumab ORR
FDA TMB PES (ON TMB [55,56]
>20% TMB SCLC (57 TMB
[46] TMB TMB TMB PES (ON)
%= 1 FDAHLERMTMBI Mpanel &4
E EREH BEDNAKE BECDSKE
FoundationOne CDx 324 2.2Mb 0.8 Mb
PGDx Elio Tissue Complete 507 2.23 Mb 1.33 Mb

FDA: ZE&MIAMEBEERER, TMB: MERE ST, CDS: HiZX

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2021 11 24 11

Chin J Lung Cancer, November 2021, Vol.24, No.11 s TAT -

ctDNA bTMB SCLC

HiD=: BEFEREZEZHUREBAITHGIANSCLCES, £i%
= G IR B IRTT RIEFIRITTMBA N . TMBFNSCLC—
%R RTT T IR S AT, EMEARTRIE—
RTINS, BRIEEEAZE R EEREZIRTH
TR -

NSCLC ] TMB

CheckMate-026 TMB NSCLC

Nivolumab ORR 47% ORR
28% PES 9.7 5.8 HR=0.62,
95%CI: 0.38-1.00 TMB
PES 4.1 v56.9 HR=1.82 95%CI
1.30-2.55 TMB
NSCLC TMB ORR
PES QSBos3) KEYNOTE-001
TMB NSCLC PES 14.5 TMB
PFS 37 B8 MYSTIC (s3]
TMB TMB PD-L1 Durvalumab
(6N 18.6 10.1 OAK POPLAR
(33) bTMB NSCLC
Atezolizumab ORR PES
NSCLC
TMB ICIs
SCLC IMpower-133 bTMB
Atezolizumab [ss] SCLC
CheckMate-032 15
TMB TMB SCLC Nivolumab
PFS OS Nivolumab
Ipilimumab TMB PES OS
KEYNOTE-158 B4 76 SCLC TMB
Pembrolizumab ORR 29.4% TMB 9.5%
[57]
TMB SCLC PEFS OS
TMB SCLC

H#i0M. R#EFPD-1/PD-LIIAIES LT HIB BAINSCLC
B SCLCEEIZEZTMBIEN .
IClIs

ICIs ICIs

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

ICIs ICIs
KEYNOTE-021

TMB

Pembrolizumab
KEYNOTE-189 KEYNOTE-407
Pembrolizumab

PD-1 (0]
/ Ib
Atezolizumab
bTMB (ON (s3]
NSCLC SCLC TMB PD-1/PD-L1

Sintilimab
TMB ORR
SCLC

ICIs
CTLA-4
PD-L1>1%

PD-1/
CheckMate-227
TMB>10 muts/Mb
Ipilimumab NSCLC
PES 7.1 vs 4.2

PD-L1

Nivolumab

Nivolumab

TMB<10 muts/Mb

3.2 PES[?]

20 muts/Mb Durvalumab
NSCLC PFS OS

] bTMB<20 muts/Mb

SCLC Ipilimumab

PES (ON] 7.8 22

PES oS 1.4 5.4

TMB SCLC
PES (ON 1.5 3.4

PES (ON) 1.3

TMB NSCLC SCLC

Nivolumab Ipilimumab
MYSTIC bTMB>
Tremelimumab
Durvalumab
TMB
Nivolumab
Nivolumab
Nivolumab Ipilimumab
Nivolumab
31 b
Nivolumab Ipilimumab
TMB PD-1/PD-L1
CTLA-4

PD-1/PD-L1

NSCLC SCLC

CTLA-4

CTLA-4
TMB
ICIs ICIs

TMB

iR HARHEFTMBA T N R HEaT T3

NSCLC TMB NSCLC
2018 New England Journal of
Medicine Nivolumab I -IIla NSCLC

(1] major pathological

http://www.cnki.net



- 748 2021 24 11 Chin J Lung Cancer, November 2021, Vol.24, No.11
response, MPR 45% MPR MPR WES TMB
311 74 NGS panel TMB
P=0.01 62]
Nivolumab Ipilimumab MPR 33% MPR WES NGS
TMB panel TMB
TMB
TMB ICIs
TMB
IR BRTRIRBRIANEX DS (RTMBA I cut-of f{H, #E TMB TMB
FERIERITAMRIES B IR KRR IR Ecut-offE, WES TMB muts/exome NGS
FFE TRIRE4IGIE. TMB muts/Mb
TMB cut-off TMB cut-off
cut-off TMB ICIs
TMB cut-off ¢ KEYNOTE-001 TMB
TMB cut-off 178 muts/exome TMB cut-off TMB
100% 67% TMB>178 muts/ TMB
exome ORR 63%  TMB<178 muts/exome TMB
ORR 0 PES TMB>178 muts/exome
TMB<178 muts/exome 10.8 TMB TMB cut-off
TMB cut-off TMB
50%  TMB 30%  TMB TMB
25%  TMB 20%  TMB
10%  TMB
[53,64]
TMB
Nature Genetics (6s] HiR/\: BIBEEPD-L1FRIA. RIEIATTIERER. —,\*ﬂ
TMB CheckMate-568 {EIRHRIREMIBZEER, M TMBIESilifE ek iaTT i
TMB>10 muts/Mb ORR 43.8% TMB>1S 4REMRIE.
muts/Mb ORR  39.3%¢ 51 TMB PD-L1 NGS
25% S50% 75% 90% PD-L1 NSCLC
24.1% 25.1% 25.7% 27.7% TMB PD-L1
NGS panel TMB [(30,53] TMB PD-L1
NSCLC
NGS panel TMB e TMB  PD-L1 ORR  62.5%
NGS panel TMB PD-L1 ORR 43.9% TMB
TMB cut- PD-L1 ORR 27.3% TMB PD-L1
off PES HR=0.42, 95%CI: 0.30-0.58,
P<0.001 Rizvi [
HiRt: TMBMIREN EMMPAATMBIHTENEFRTRE TMB NGS

B TMBHEFA R SFFTMBHIFF IS AR, FHR M
BhlimPRIR SR e =R R 1

WES TMB NGS panel TMB

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

EGFR ALK ROS1
STK11/LKBI KEAPI PTEN JAK2 B2M MDM2/MDM4

http://www.cnki.net



2021 11 24 11

Chin J Lung Cancer, November 2021, Vol.24, No.11

- 749 -

DDR
DNA
TMB [36]
2 DDR
[67]
TPS3 KRAS PD-L1
TMB PD-L1
[10,68-70] human
leukocyte antigen, HLA
NSCLC PD-
1"CD8*'T PD-L1*CDS8*T PD-L1*CD68*
[71-73] CDS8*T
[74]
TMB

£ X M

Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures of mutational
processes in human cancer. Nature, 2013, 500(7463): 415-421. doi:
10.1038/naturel12477

Snyder A, Makarov V, Merghoub T, et al. Genetic basis for clinical
response to CTLA-4 blockade in melanoma. N Engl J Med, 2014,
371(23): 2189-2199. doi: 10.1056/NEJMoal406498

Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
Mutational landscape determines sensitivity to PD-1 blockade in
non-small cell lung cancer. Science, 2015, 348(6230): 124-128. doi:
10.1126/science.aaal348

Chalmers ZR, Connelly CF, Fabrizio D, et al. Analysis of 100,000
human cancer genomes reveals the landscape of tumor mutational
burden. Genome Med, 2017, 9(1): 34. doi: 10.1186/s13073-017-0424-2
Chinese Anticancer Association, Professional Committee of Tumor
Markers, Collaborative Group of Genetic Tumor Markers, Chinese
Anticancer Association, Professional Committee of Tumor Pathology,
Cooperative Group of Molecular Pathology. Chinese expert consensus
on tumor mutation load detection and clinical application (2020

Edition). Zhongguo Ai Zheng Fang Zhi Za Zhi, 2020, 12(5): 485-493. [

’

(2020 ). ,
2020, 12(5): 485-493.] doi: 10.3969/j.issn.1674-5671.2020.05.01

6

10

11

12

13

14

15

16

17

18

19

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Stenzinger A, Allen JD, Maas J, et al. Tumor mutational burden
standardization initiatives: Recommendations for consistent
tumor mutational burden assessment in clinical samples to guide
immunotherapy treatment decisions. Genes Chromosomes Cancer,
2019, 58(8): 578-588. doi: 10.1002/gcc.22733

Riaz N, Havel JJ, Makarov V, et al. Tumor and microenvironment
evolution during immunotherapy with nivolumab. Cell, 2017, 171(4):
934-949.e916. doi: 10.1016/j.cell.2017.09.028

Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with
mismatch-repair deficiency. N Engl ] Med, 20185, 372(26): 2509-2520.
doi: 10.1056/NEJMoal500596

Carbone DP, Reck M, Paz-Ares L, et al. First-line nivolumab in stage IV
or recurrent non-small-cell lung cancer. N Engl ] Med, 2017, 376(25):
2415-2426. doi: 10.1056/NEJMoal613493

Cristescu R, Mogg R, Ayers M, et al. Pan-tumor genomic biomarkers
for PD-1 checkpoint blockade-based immunotherapy. Science, 2018,
362(6411): eaar3593. doi: 10.1126/science.aar3593

Buttner R, Longshore JW, Lopez-Rios F, et al. Implementing
TMB measurement in clinical practice: considerations on assay
requirements. ESMO Open, 2019, 4(1): e000442. doi: 10.1136/
esmoopen-2018-000442

Hellmann MD, Ciuleanu TE, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden. N Engl
J Med, 2018, 378(22): 2093-2104. doi: 10.1056/NEJMo0al801946
Hugo W, Zaretsky JM, Sun L, et al. Genomic and transcriptomic
features of response to anti-PD-1 therapy in metastatic melanoma. Cell,
2016, 165(1): 35-44. doi: 10.1016/j.cell.2016.02.065

Johnson DB, Frampton GM, Rioth M], et al. Targeted next generation
sequencing identifies markers of response to PD-1 blockade. Cancer
Immunol Res, 2016, 4(11): 959-967. doi: 10.1158/2326-6066.
CIR-16-0143

Balar AV, Galsky MD, Rosenberg JE, et al. Atezolizumab as first-line
treatment in cisplatin-ineligible patients with locally advanced and
metastatic urothelial carcinoma: a single-arm, multicentre, phase 2 trial.
Lancet, 2017, 389(10064): 67-76. doi: 10.1016/S0140-6736(16)32455-2
Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in
patients with locally advanced and metastatic urothelial carcinoma
who have progressed following treatment with platinum-based
chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet, 2016,
387(10031): 1909-1920. doi: 10.1016/S0140-6736(16)00561-4
Goodman AM, Kato S, Bazhenova L, et al. Tumor mutational
burden as an independent predictor of response to immunotherapy
in diverse cancers. Mol Cancer Ther, 2017, 16(11): 2598-2608. doi:
10.1158/1535-7163.MCT-17-0386

Bamford S, Dawson E, Forbes S, et al. The COSMIC (Catalogue of
Somatic Mutations in Cancer) database and website. Br ] Cancer, 2004,
91(2): 355-358. doi: 10.1038/sj.bjc.6601894

Lek M, Karczewski KJ, Minikel EV, et al. Analysis of protein-coding
genetic variation in 60,706 humans. Nature, 2016, $36(7616): 285-291.

http://www.cnki.net



+ 750 *

20

21

22

23

24

25

26

27

28

29

30

31

32

2021

11

24 11 Chin J Lung Cancer, November 2021, Vol.24, No.11

doi: 10.1038/nature19057

Fancello L, Gandini S, Pelicci PG, et al. Tumor mutational burden
quantification from targeted gene panels: major advancements and
challenges. ] Immunother Cancer, 2019, 7(1): 183. doi: 10.1186/
$40425-019-0647-4

Oh S, Geistlinger L, Ramos M, et al. Reliable analysis of clinical tumor-
only whole-exome sequencing data. JCO Clin Cancer Inform, 2020, 4:
321-335. doi: 10.1200/CCI.19.00130

Budczies J, Allgauer M, Litchfield K, et al. Optimizing panel-based
tumor mutational burden (TMB) measurement. Ann Oncol, 2019,
30(9): 1496-1506. doi: 10.1093/annonc/mdz205

Wang Z, Duan J, Wang G, et al. Allele frequency-adjusted blood-based
tumor mutational burden as a predictor of overall survival for patients
with NSCLC treated with PD-(L)1 inhibitors. ] Thorac Oncol, 2020,
15(4): 556-567. doi: 10.1016/j.jtho.2019.12.001

Wang Z, Duan J, Cai S, et al. Assessment of blood tumor mutational
burden as a potential biomarker for immunotherapy in patients with
non-small cell lung cancer with use of a next-generation sequencing
cancer gene panel. JAMA Oncol, 2019, 5(5): 696-702. doi: 10.1001/
jamaoncol.2018.7098

Qiu P, Pang L, Arreaza G, et al. Data interoperability of whole exome
sequencing (WES) based mutational burden estimates from different
laboratories. Int ] Mol Sci, 2016, 17(5): 651. doi: 10.3390/ijms17050651
Cheng DT, Mitchell TN, Zehir A, et al. Memorial sloan kettering-
integrated mutation profiling of actionable cancer targets (MSK-
IMPACT): A hybridization capture-based next-generation sequencing
clinical assay for solid tumor molecular oncology. ] Mol Diagn, 2015,
17(3): 251-264. doi: 10.1016/j.jmoldx.2014.12.006

Lee C, Bae JS, Ryu GH, et al. A method to evaluate the quality of clinical
gene-panel sequencing data for single-nucleotide variant detection. J
Mol Diagn, 2017, 19(5): 651-658. doi: 10.1016/j.jmoldx.2017.06.001
Jiang T, Shi J, Dong Z, et al. Genomic landscape and its correlations
with tumor mutational burden, PD-L1 expression, and immune cells
infiltration in Chinese lung squamous cell carcinoma. ] Hematol Oncol,
2019, 12(1): 75. doi: 10.1186/s13045-019-0762-1

Lan S, Li H, Liu Y, et al. Somatic mutation of LRPIB is associated with
tumor mutational burden in patients with lung cancer. Lung Cancer,
2019, 132: 154-156. doi: 10.1016/j.lungcan.2019.04.025

Singal G, Miller PG, Agarwala V, et al. Association of patient
characteristics and tumor genomics with clinical outcomes among
patients with non-small cell lung cancer using a clinicogenomic
database. JAMA, 2019, 321(14): 1391-1399. doi: 10.1001/
jama.2019.3241

Zhuang W, MaJ, Chen X, et al. The tumor mutational burden of Chinese
advanced cancer patients estimated by a 381-cancer-gene panel. J
Cancer, 2018, 9(13): 2302-2307. doi: 10.7150/jca.24932

Jiao XD, Zhang XC, Qin BD, et al. Tumor mutation burden in Chinese
cancer patients and the underlying driving pathways of high tumor

mutation burden across different cancer types. Ann Transl Med, 2020,

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

33

34

3S

36

37

38

39

40

41

42

43

44

45

8(14): 860. doi: 10.21037/atm-20-3807

Chabanon RM, Pedrero M, Lefebvre C, et al. Mutational landscape
and sensitivity to immune checkpoint blockers. Clin Cancer Res, 2016,
22(17): 4309-4321. doi: 10.1158/1078-0432.CCR-16-0903

Marabelle A, Fakih M, Lopez J, et al. Association of tumour mutational
burden with outcomes in patients with advanced solid tumours
treated with pembrolizumab: prospective biomarker analysis of the
multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol,
2020,21(10): 1353-1365. doi: 10.1016/S1470-2045(20)30445-9
Gandara DR, Paul SM, Kowanetz M, et al. Blood-based tumor
mutational burden as a predictor of clinical benefit in non-small-cell
lung cancer patients treated with atezolizumab. Nat Med, 2018, 24(9):
1441-1448. doi: 10.1038/s41591-018-0134-3

Wang Z, Zhao J, Wang G, et al. Comutations in DNA damage
response pathways serve as potential biomarkers for immune
checkpoint blockade. Cancer Res, 2018, 78(22): 6486-6496. doi:
10.1158/0008-5472.CAN-18-1814

FDA. FoundationOne CDx: Summary of Safety and Effectiveness Data
(SSED). Available from: https://www.accessdata.fda. gov/cdrh_docs/
pdf17/P170019B.pdf, 2018.

Roh W, Chen PL, Reuben A, et al. Integrated molecular analysis of
tumor biopsies on sequential CTLA-4 and PD-1 blockade reveals
markers of response and resistance. Sci Transl Med, 2017, 9(379):
€aah3560. doi: 10.1126/scitranslmed.aah3560

Kircher M, Kelso J. High-throughput DNA sequencing--concepts
and limitations. Bioessays, 2010, 32(6): 524-536. doi: 10.1002/
bies.200900181

Cree IA, Deans Z, Ligtenberg M]J, et al. Guidance for laboratories
performing molecular pathology for cancer patients. J Clin Pathol, 2014,
67(11): 923-931. doi: 10.1136/jclinpath-2014-202404

Jennings L], Arcila ME, Corless C, et al. Guidelines for validation of
next-generation sequencing-based oncology panels: a joint consensus
recommendation of the Association for Molecular Pathology and
College of American Pathologists. ] Mol Diagn, 2017, 19(3): 341-365.
doi: 10.1016/j.jmoldx.2017.01.011

Srinivasan M, Sedmak D, Jewell S. Effect of fixatives and tissue
processing on the content and integrity of nucleic acids. Am J Pathol,
2002, 161(6): 1961-1971. doi: 10.1016/S0002-9440(10)64472-0
Grizzle WE. Special symposium: fixation and tissue processing models.
Biotech Histochem, 2009, 84(S): 185-193. doi: 10.3109/105202909030
39052

Einaga N, Yoshida A, Noda H, et al. Assessment of the quality of DNA
from various formalin-fixed paraffin-embedded (FFPE) tissues and
the use of this DNA for next-generation sequencing (NGS) with no
artifactual mutation. PLoS One, 2017, 12(5): e0176280. doi: 10.1371/
journal.pone.0176280

Howat WJ, Wilson BA. Tissue fixation and the effect of molecular
fixatives on downstream staining procedures. Methods, 2014, 70(1):
12-19. doi: 10.1016/j.ymeth.2014.01.022

http://www.cnki.net



2021 11 24 11

Chin J Lung Cancer, November 2021, Vol.24, No.11

+ 751 -

46

47

48

49

N

S1

52

S3

54

SS

56

57

58

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Kazdal D, Endris V, Allgauer M, et al. Spatial and temporal
heterogeneity of panel-based tumor mutational burden in pulmonary
adenocarcinoma: separating biology from technical artifacts. ] Thorac
Oncol, 2019, 14(11): 1935-1947. doi: 10.1016/j.jtho.2019.07.006

Sholl LM. Next-generation sequencing from liquid biopsies in lung
cancer patients: advances in comprehensive biomarker testing. ] Thorac
Oncol, 2017, 12(10): 1464-1466. doi: 10.1016/j.jtho.2017.08.004

Khagi Y, Goodman AM, Daniels GA, et al. Hypermutated circulating
tumor DNA: correlation with response to checkpoint inhibitor-based
immunotherapy. Clin Cancer Res, 2017, 23(19): 5729-5736. doi:
10.1158/1078-0432.CCR-17-1439

Merker JD, Oxnard GR, Compton C, et al. Circulating tumor DNA
analysis in patients with cancer: American Society of Clinical Oncology
and College of American Pathologists joint review. ] Clin Oncol, 2018,
36(16): 1631-1641. doi: 10.1200/JC0.2017.76.8671

Crowley SM, Hodder DP. Factors influencing exposure of North
American river otter (Lontra canadensis) and American mink
(Neovison vison) to mercury relative to a large-scale reservoir in
northern British Columbia, Canada. Ecotoxicology, 2019, 28(3):
343-353. doi: 10.1007/510646-019-02027-z

Koeppel F, Blanchard S, Jovelet C, et al. Whole exome sequencing for
determination of tumor mutation load in liquid biopsy from advanced
cancer patients. PLoS One, 2017, 12(11): e0188174. doi: 10.1371/
journal.pone.0188174

Muller JN, Falk M, Talwar J, et al. Concordance between comprehensive
cancer genome profiling in plasma and tumor specimens. ] Thorac
Oncol, 2017, 12(10): 1503-1511. doi: 10.1016/j.jtho.2017.07.014

Rizvi H, Sanchez-Vega F, La K, et al. Molecular determinants of
response to anti-programmed cell death (PD)-1 and anti-programmed
death-ligand 1 (PD-L1) blockade in patients with non-small-cell lung
cancer profiled with targeted next-generation sequencing. J Clin Oncol,
2018, 36(7): 633-641. doi: 10.1200/JC0O.2017.75.3384

Velcheti V, Kim ES, Mekhail T, et al. Prospective clinical evaluation
of blood-based tumor mutational burden (bTMB) as a predictive
biomarker for atezolizumab (atezo) in 1L non-small cell lung cancer
(NSCLC): interim B-FIRST results. J Clin Oncol, 2018, 36(15_suppl):
12001. doi: 10.1200/JC0.2018.36.15_suppl.12001

Horn L, Mansfield AS, Szczesna A, et al. First-line atezolizumab plus
chemotherapy in extensive-stage small-cell lung cancer. N Engl ] Med,
2018, 379(23): 2220-2229. doi: 10.1056/NEJMoal809064

Hellmann MD, Callahan MK, Awad MM, et al. Tumor mutational
burden and efficacy of nivolumab monotherapy and in combination
with ipilimumab in small-cell lung cancer. Cancer Cell, 2018, 33(5):
853-861.e854. doi: 10.1016/j.ccell.2018.04.001

Ricciuti B, Kravets S, Dahlberg SE, et al. Use of targeted next generation
sequencing to characterize tumor mutational burden and efficacy of
immune checkpoint inhibition in small cell lung cancer. ] Immunother
Cancer, 2019, 7(1): 87. doi: 10.1186/540425-019-0572-6

Garon EB, Rizvi NA, Hui R, ef al. Pembrolizumab for the treatment of

59

60

61

62

63

64

65

66

67

68

69

70

non-small-cell lung cancer. N Engl ] Med, 2015, 372(21): 2018-2028.
doi: 10.1056/NEJMoal501824

Rizvi NA, Cho BC, Reinmuth N, et al. Durvalumab with or without
tremelimumab vs standard chemotherapy in first-line treatment
of metastatic non-small cell lung cancer: The MYSTIC phase 3
randomized clinical trial. JAMA Oncol, 2020, 6(5): 661-674. doi:
10.1001/jamaoncol.2020.0237

Jiang H, Zheng Y, Qian J, et al. Efficacy and safety of sintilimab in
combination with chemotherapy in previously untreated advanced
or metastatic nonsquamous or squamous NSCLC: two cohorts of an
open-label, phase 1b study. Cancer Immunol Immunother, 2021, 70(3):
857-868. doi: 10.1007/s00262-020-02738x

Forde PM, Chaft JE, Smith KN, et al. Neoadjuvant PD-1 blockade in
resectable lung cancer. N Engl ] Med, 2018, 378(21): 1976-1986. doi:
10.1056/NEJMoal716078

Reuss JE, Anagnostou V, Cottrell TR, et al. Neoadjuvant nivolumab
plus ipilimumab in resectable non-small cell lung cancer. ] Immunother
Cancer, 2020, 8(2): €001282. doi: 10.1136/jitc-2020-001282

Ready N, Hellmann MD, Awad MM, et al. First-line nivolumab plus
ipilimumab in advanced non-small-cell lung cancer (CheckMate $68):
outcomes by programmed death ligand 1 and tumor mutational burden
as biomarkers. J Clin Oncol, 2019, 37(12): 992-1000. doi: 10.1200/
JCO.18.01042

Chae YK, Davis AA, Agte S, et al. Clinical implications of circulating
tumor DNA tumor mutational burden (ctDNA TMB) in non-small
cell lung cancer. Oncologist, 2019, 24(6): 820-828. doi: 10.1634/
theoncologist.2018-0433

Samstein RM, Lee CH, Shoushtari AN, et al. Tumor mutational load
predicts survival after immunotherapy across multiple cancer types.
Nat Genet, 2019, 51(2): 202-206. doi: 10.1038/s41588-018-0312-8
YuY, Zeng D, Ou Q, et al. Association of survival and immune-
related biomarkers with immunotherapy in patients with non-
small cell lung cancer: a meta-analysis and individual patient-level
analysis. JAMA Netw Open, 2019, 2(7): e196879. doi: 10.1001/
jamanetworkopen.2019.6879

Dong ZY, Zhong WZ, Zhang XC, et al. Potential predictive value
of TP53 and KRAS mutation status for response to PD-1 blockade
immunotherapy in lung adenocarcinoma. Clin Cancer Res, 2017,
23(12): 3012-3024. doi: 10.1158/1078-0432.CCR-16-2554

Carreno BM, Magrini V, Becker-Hapak M, et al. Cancer
immunotherapy. A dendritic cell vaccine increases the breadth and
diversity of melanoma neoantigen-specific T cells. Science, 2015,
348(6236): 803-808. doi: 10.1126/science.aaa3828

JinY, Dong H, Xia L, et al. The diversity of gut microbiome is associated
with favorable responses to anti-programmed death 1 immunotherapy
in Chinese patients with NSCLC. J Thorac Oncol, 2019, 14(8):
1378-1389. doi: 10.1016/j.jtho.2019.04.007

Cummings AL, Gukasyan J, Lu HY, et al. Mutational landscape

influences immunotherapy outcomes among patients with non-small-

http://www.cnki.net



* 752 2021 11 24 11 Chin J Lung Cancer, November 2021, Vol.24, No.11
cell lung cancer with human leukocyte antigen supertype B44. Nat HHREHE I'EERKEE—HWEER
Cancer, 2020, 1: 1167-1175. doi: 10.1038/543018-020-00140-1 A%k BN ZE S ER M EESER

71 Thommen DS, Koelzer VH, Herzig P, et al. A transcriptionally and BEz AMKZEHREE—ERR .

5 EMTE—ARER (GMXEHBEEZER)
functionally distinct PD-1(+) CD8(+) T cell pool with predictive . P EES R S R E R R B
potential in non-small-cell lung cancer treated with PD-1 blockade. Nat FTRANE BIEZEMEE -—ER
Med, 2018, 24(7): 994-1004. doi: 10.1038/s41591-018-0057-z =g REEMKZMEER

72 Zhang L, Chen Y, Wang H, et al. Massive PD-L1 and CD8 double Zih ILRER . N

IE{HlE FEARBHEFBEKRX BER
positive TILs characterize an immunosuppressive microenvironment e I KR EL RS~ ER
with high mutational burden in lung cancer. ] Immunother Cancer, ZEpR HHERKEHEILRRIZER
2021, 9(6): €002356. doi: 10.1136/jitc-2021-002356 S S B XZEWEMBER

73 Liu Y, Zugazagoitia J, Ahmed FS, et al. Immune cell PD-L1 colocalizes Mfi&ﬁ 1[:5&?{5—"_!1?’@!.2%

PRENER I HREHKEE—HEER
with macrophages and is associated with outcome in PD-1 pathway s HEAS S HEER
blockade therapy. Clin Cancer Res, 2020, 26(4): 970-977. doi: FUECi thig k2T —ER
10.1158/1078-0432.CCR-19-1040 5%% BMEMKZHEEMER

s = INERE
74  Nabet BY, Esfahani MS, Moding E]J, et al. Noninvasive early ;E—‘J__?E E’Eﬁﬁq_] LER

3 E#T HEAZEWEER
identification of therapeutic benefit from immune checkpoint inhibition. =1 RS E—EE
Cell, 2020, 183(2): 363-376.e313. doi: 10.1016/j.cell.2020.09.001 BERE I KFEZRMBEENREKER

i ILRFE—ERKEMBEILER

gt s IHEMBER

’ FiNE R RHERKFEE—MBER

A || KT ERRT

FEE S B XEWEMEER

Wig:  TMB/bTMB http://www. gy T XS EL RN RS DER

lungca.org/files/0426supp.pdf FEarlg BRAZEZREWEHILER

E3 A MRER

i 2 A
AERGRESER: £ :ﬁ Ej’;‘iﬂé f_f‘f S
% rEES R R IEER ke TR RIS
o =i S y L% IWRKEFEER
A%%E RiFKZEME LigHARER o ot .
A WK TR LKE AAERRFRAER
HEH EEZEAEMBERAER (LEHHRRER) iﬂ;ﬁ F—SEE*%*TWEWEEH
-~ PR ERFA KEERKEMBER
RE REPE X BERT - . , o
HEER: TR EBRKIEER
B ESTER S HRHER (LETIER) i HMREE HRER
=y = (4 o . Kh PEEZMZRILEIHER
SEHRNHENER GREREHR) © e T B R S S
BIRAR PERZERAKXRZMEE —ER (ZHELER) §K; ;Ej;'”"%’im;@ﬂ* i
[EPN EEZEXEMBRAER (LighHRER) - ‘ﬂ;ﬁiﬁlﬁﬁ* =
TS SRR K ZRFEZRHBIHMER e ! m
- P " %FiE HHENRZHEIL FAEER
%5 RER SRk HRNEER B LRERZREER
U ot L T e w - fhaL LERBREMBEMAER (LigHaRER)
S EH LEXBRZEFEMEREER jna [ —
B AR E—ER ARENAENEERER) R I HERAS IR S
p s o (e 4t - g% IR FEZRMESE—ER
EIYN 2 IAEARER (AREMAZE—WEER) . BT IR
HER EESEAEHRMHER (L HMRER) = e
A& HES EESR EX BEAMEER REERKZMWEMEER)

743-752.] doi: 10.3779/j.issn.1009-3419.2021.101.40

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

Immunotherapy in Lung Cancer. Zhongguo Fei Ai Za Zhi, 2021, 24(11): 743-752. [

E Cite this article as: Chinese Society of Clinical Oncology, Expert Committee on Tumor Vascular-targeted Therapy, Chinese Society

of Clinical Oncology, Expert Committee on Non-small Cell Lung Cancer. Expert Consensus on Tumor Mutational Burden for

’

,2021,24(11):

http://www.cnki.net



