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Supplementary methods:

Sequencing workflow of NGS
The choice of sequencing platforms was made based on the patients’ preferences expressed in

discussing various options. Gene coverages of targeted panels were presented in Table S6.

Nucleic acid extraction

DNA was extracted from formalin-fixed, paraffin-embedded (FFPE) tissues using the QIlAamp
DNA FFPE Tissue Kit (QIAGEN, Valencia, Calif), while RNA was extracted from FFPE tissues
and reversely transcribed into complementary DNA using the Recover ALL Total Nucleic Acid
Isolation Kit (1407077) according to recommended protocols. To ensure the quality of the libraries,
DNA was quantified with the Qubit dsSDNA HS Assay Kit (Life Technologies, Carlsbad, Calif) and
Qubit 2.0/3.0/4.0 Fluorometer (Life Technologies, USA). RNA was quantified using an SYBR
Green Real-Time PCR kit (TaKaRa, Japan) in a CFX96 Real-Time PCR Detection System (Bio-
Rad, United States).

The 8-genes NGS

Initial sequencing data of EGFR, KRAS, BRAF, ERBB2, and MET mutants were processed using
Torrent Suite (5.0.4) and Coverage Analysis plugins (5.0.4.0), along with the lon Reporter (4.4)
Oncomina DNA and RNA analysis workflow. The Torrent Mapping Alignment Program and the
Torrent Variant Caller plugin (5.0.4.0) were respectively applied to align DNA sequences and call
variants, under default settings. Two filtering steps were used to eliminate misidentified bases and
generate final calls. ALK, ROS1, and RET fusion analysis was performed by the Ion Reporter (4.4)

workflow and the Torrent Mapping Alignment Program.

The 31/68/143/363/457/520/654-genes NGS

Purified DNA was first broken into fragments of around 300 bp using 5X WGS Fragmentation Mix
(Qiagen, USA), followed by end repair and adapter ligation. For the 31/68/143/363/457/654-genes
NGS, polymerase chain reaction (PCR) with gene targeted by the cSMART methods', and 96 RXN
xGen Exome Research Panel v1.0 (Integrated DNA Technologies, USA) were used successively for
the library preparation. NovaSeq 6000 platform (Illumina, San Diego, USA) in 150PE mode was
applied for sequencing, with a depth of more than 1000x. Then We used fas#p? to remove low-quality
results, Burrows-Wheeler Aligner (BWA)? to align the filtered data to reference genome (hgl9),
Gencore tool* to manage repeated sequences, SAMtools® to call variants, and ANNOVAR® to
annotate mutations. Non-synonymous SNPs with population allele frequencies lower than 0.05%
and variant allele fraction (VAF) higher than 0.5% were kept for further analysis. For the 520-genes
NGS, we used Nextseq500 sequencer (Illumina, Inc., USA) for paired-end sequencing and gene
targeting with a depth of more than 1000x. Variations with population allele frequencies lower than
0.1% were reserved for further analysis, referring to EXAC, 1000Genomes, dbSNP, and ESP6500SI-
V2 databases.
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Whole exome sequencing

The library was prepared with the SureSelectXT Target Enrichment System (G7530-90000). Paired-
end sequence data were generated applying the Illumina HiSeq machine with an average depth of
150x%, and aligned to the reference genome (hgl9) using BWA. We used the SAMtools to sort
original alignment results, Picard (http://broadinstitute.github.io/picard/) to mark duplication reads,
and GATK? to reduce false positives via local realignment and recalibration. SNVs and small indels
were called by MuTect2? in the default setting and then annotated by ANNOVAR according to
HGVS, EXAC, 1000Genomes, dbSNP, OMIM, COSMIC, and ClinVar databases. Variations with

population allele frequencies lower than 0.05% were subjected to further analysis.
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Figure S1. Distribution of genes covered by involved NGS panels

Distribution of each NGS panel in our study. The red part represents the overlapped genes with 654-

genes panel as a reference.
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Figure S2. ROC curve for each panel with MoleA
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Figure S3. ROC curve for each panel with MoleB

MoleA: empirical interpretation by counting the shared mutations. MoleB: bioinformatic interpretation

by calculating the clonal probability based on all the mutations.
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Figure S4. Survival analyses of the WES group by different panels with MoleB

MLCs: multiple lung cancers. MPLC: multiple primary lung cancers. IPM: intrapulmonary metastasis.

WES: whole-exome sequencing. MoleB: bioinformatic interpretation.

0 12 24 36 48 60 72 84 96
Time

9 /27

A 1 Gene Mole B 3 Genes Mole B 8 Genes Mole B
s 4 I " 4 5 3 4 e diF
g 1.0 I =— = E 1.0 g 1
3 0.7 3 0.7 3 0.7
[} [0 (o3
L L L
¥ 0.50) = MPLC T 050 = MmPLC T 050 = MmPLC
9 = IPM 9 = IPM 9 = IPM
% 0.2 g 0.2 % 0.2
O ool Logrank p=0.2 O 000l Logrank p=0.031 O 0ol Logrank p=0.035
0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72 84 96
Number at risk Number at risk Number at risk
MPLC{ 8 6 6 4 4 2 2 MPLC{10 8 8 5 4 2 2 MPLC{11 8 8 5 4 2 2 0 O
IPM{ 9 9 8 8 4 2 1 IPM{14 11 9 8 4 2 1 IPM{16 12 10 9 5 3 2 1 1
0 12 24 36 48 60 72 0 12 24 3 48 60 72 0 12 24 36 48 60 72 84 96
Time Time Time
D 9 Genes Mole B 10 Genes Mole B 50 Genes Mole B
§1_0 4 el g g §1_0 §1_0
3 c <
2 0.7 3 0.7 3 0.7
Q (3 [
L o L
% 050 = MPLC ¥ 0.50] = MmpLC % 0.50] = MmPLC
9 = IPM 2 = IPM g = IPM
S 0.2 S 0.2 T 0.2
B 00| Logrank p=0.035 O .00/ Logrank p=0.016 O .00 Logrank p=0.025
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Number at risk Number at risk Number at risk
MPLC{11 8 8 5 4 2 2 0 O MPLC{13 10 10 7 4 2 2 0 O MPLC{13 9 9 6 4 2 2 0 0
| 16 12 10 9 5 3 2 1 1 IPM{15 11 9 8 5 3 2 1 1 IPMq116 12 10 9 5 3 2 1 1
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Time Time Time
¢ 143 Genes Mole B 363 Genes Mole B 457 Genes Mole B
T 1.0 T 1.0 S 10
= I <
207 @ 0.7 3 0.7
® o o
o £05 — - 2 0s =
% 0500 = MPLC T = MPLCT T = MPLT
3 = |PM 3 = |PM 2 = |PM
S 02 3 0.2 02
B 400l Logrank p=0.0062 O 0ol Logrank p=0.023 O .00 Logrank p=0.023
"0 12 24 36 48 60 72 84 9% 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Number at risk Number at risk Number at risk
MPLCl16 12 12 9 5 3 3 1 o0 MPLC{23 19 18 14 9 4 4 1 0 MPLC{23 19 18 14 9 4 4 1 0
PM{15 11 9 8 5 3 2 1 1 IPM{11 7 5 5 2 2 1 1 1 PMq11 7 5 5 2 2 1 1 1
D 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Time Time Time
J 520 Genes Mole B 654 Genes Mole B WES Mole B
g0 S0 T 1.0
g 2 H
3 0.7 3 0.7 207
8 - 8 ]
5 0.50f = MPLC F 050 = MPUC . o + 5 050{ = MPLC
2 = IPM 2 = |PM o = |PM
o © ©
ﬁ 0.2 2 0.2 2 0.2
O 0ol Logrank p=0.019 O (.00l Logrank p=0.0094 9 00l Logrank p=0.033
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
Number at risk Number at risk Number at risk
MPLC{24 20 19 15 10 5 4 1 0 MPLC{24 20 19 15 9 4 4 1 0 MPLC{25 21 19 15 9 3 3 1 0
IPM{11 7 5 5 2 2 1 1 1 IPM{10 6 4 4 2 2 1 1 1 PM{11 7 6 6 4 4 2 1 1
0 12 24 36 48 60 72 84 96
Time

0 1224 36 48 60 72 84 96
Time



Figure SS. Survival analyses of the WES group by different panels with MoleA

MLCs: multiple lung cancers. MPLC: multiple primary lung cancers. IPM: intrapulmonary metastasis.

WES: whole-exome sequencing. MoleA: empirical interpretation.
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Figure S6. Venn diagram of mutations detected in each patient under 10-genes panel of WES

WES: whole-exome sequencing. RUL: right upper lobe. RML: right middle lobe. RLL: right lower
lobe. LUL: left upper lobe. LLL: left lower lobe.
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Figure S7. Analysis of the non-WES cohort verifies the superiority of optimal panels in
discriminating MLCs

Similar to the analysis of the WES cohort, 49 patients in the non-WES cohort were sequenced using
panels covering more than 10 genes, while the other 45 patients were tested with smaller panels that
covered fewer than 9 genes. (A) Clinical features, discriminating results, and mutational profiles of the
49 patients who got sequenced by panels=10 genes in non-WES cohort. Here stage refers to the
highest stage among the MLCs when staging all lesions separately. (B) Survival analyses stratified by
clinic criteria of ACCP criteria. (C) Survival analyses stratified by CHA. (D) Survival analyses of the
49 patients diagnosed by the 10-genes panel with MoleB.

MLCs: multiple lung cancers. MPLC: multiple primary lung cancers. IPM: intrapulmonary metastasis.
WES: whole-exome sequencing. MoleA: empirical interpretation. MoleB: bioinformatic interpretation.

CHA: comprehensive histology assessment.
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Figure S8. Distribution of VAFs of overlapped mutations in MLCs

The TumE algorithm was used to estimate overlapped mutations in MLCs sequenced at 150x mean

sequencing depth and a subclone at 40% cellular fraction.

MLCs: multiple lung cancers. VAF: variant allele frequency.
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Figure S9. Timing of mutations in MLCs evolution

(A) Tumor evolution of all mutations in MPLC patients. (B) Tumor evolution of all mutations in IPM

patients. Two figures show the approximate timing of driver mutations with respect to the cancer life

history. Driver genes were screened against the COSMIC database. The timing of mutations is shown

as bars indicating whether the events are clonal or subclonal.

MLCs: multiple lung cancers. MPLC: multiple primary lung cancers. IPM: intrapulmonary metastasis.

Pre-GD: occurrence before whole-genome doubling. Post-GD: occurrence after whole-genome

doubling.
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Figure S10. Timing of mutations in IPM evolution and temporal analysis between different lung

cancer cohorts

(A) Tumor evolution of all mutations in larger nodules of IPM patients. (B) Tumor evolution of all

mutations in smaller nodules of IPM patients. (C) Distributions of driver mutations in cancer evolution

in SLC, MPLC, IPM-L and IPM-S. (D) Distributions of driver mutations in cancer evolution in SLC

and IPM-L.

MPLC: multiple primary lung cancers. IPM: intrapulmonary metastasis. [IPM-L: the larger lesion

(primary). IPM-S: the smaller lesion (metastasis). SLC: solitary lung cancer. Pre-GD: occurrence

before whole-genome doubling. Post-GD: occurrence after whole-genome doubling.
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Table S1. Genes contained in each panel and the number of patients sequenced by each panel in

our cohort

This table is provided as an excel file (additional file 2).

Table S2. The optimal parameters of the mutation.rem function of the “Clonality” package and

the cutoffs for the calculated probabilities

Panel Optimal parameters Optimal | Specificity | Sensitivity
" o . cutoff of
probability

1 Gene 0.59 0.94 0.46 0.52 1 0.8
3 Genes 0.6 0.93 0.45 0.21 1 0.79
8 Genes 0.56 0.93 0.47 0.23 0.95 0.84
9 Genes 0.46 0.94 0.47 0.41 1 0.79
10 Genes 0.63 0.89 0.47 0.22 0.93 0.86
50 Genes 0.61 0.84 0.44 0.2 0.94 0.89
143 Genes 0.49 0.81 0.44 0.22 0.97 0.88
341 Genes 0.31 0.72 0.44 0.1 0.93 0.92
363 Genes 0.23 0.72 0.43 0.16 0.97 0.89
457 Genes 0.19 0.7 0.45 0.17 0.99 0.91
468 Genes 0.19 0.7 0.45 0.17 0.99 0.91
520 Genes 0.24 0.68 0.45 0.17 0.99 0.89
654 Genes 0.2 0.68 0.44 0.16 1 0.88
WES -0.11 0.69 0.45 0.003 0.99 0.96
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Table S3. Studies included in the systematic review

Sample

Clonal relatedness

Inconclusive

Survival analysis

. . NGS Clinicopa Changed
First author (patients . . . . . -
panel Interpre Special MPLC  thology Clinicopa  diagnosis Clinicopa
[Year] / tumors/ . ce a » NGS NGS
pairs) (genes)  tation definition method thology by NGS thology
. 17% 6%
9 . )
Zheng [2020] 18/41/18 4 Empirical HPE 3/18) W18) 53% (8/15) NA
Donfrancesco - 13% o o PFS: PFS:
[2020]'0 24/50/24 14 Empirical - CHA+IHC (3/24) 0% 38% (9/24) P=0.054 P=0.60
1akahashi 37/82/37 20 Empirical - HPE 0%  17¢46%)  59%@2217) O o8
[2018] P=0.21 P=0.70
Sharing one high-
S frequency driver o
Belardinilli 10/24/10 22 Empirical  mutation plus cHa+iHC 0% 0% 22% (2/9) NA
[2021] different (1/10)
mutation(s)
Goodwin Bio- . o o o OS: OS:
(20213 40/80/40 24 informatic Clonality package HPE 0% 0% 18% (7/40) P<0.05 P=0.1
Sharing high- 25 0s:
Bruehl [2022]'%  32/64/32 35 Empirical frequency driver HPE ; NA 17% (4/24) o NA
mutation (s) (8/32) P=0.78
Using distant
metastasis to 0s:
Patel [2017]'5 11/31/11 50 Empirical establish the CHA 0% 27% (3/11)  27% (3/11) APy NA
reference P=0.09
concordant rate
(V)
Saab [2017]'¢ 18/52/18 50 Empirical - HPE-+IHC (16/?8) 33% (6/18) 6% (1/17) NA
Sharing high- 4%
Roepman - . o 37% (19/51 OS: OS:
[2018]"7 50/111/57 50 Empirical frequen(.:y driver CHA+IHC (2{53 0% pairs) P=0061 P=0 644
mutation (s) pairs)
Bio- Self-proposed 13%
18 0 0
Ezer [2021] 61/131/61 52 informatic algorithm CHA 8/61) 13% (8/61)  23% (12/53) NA
Higuchi . o o o
[2020]"° 37/76/37 53 Empirical -- HPE 0% 0% 30% (11/37) NA
10— 0, .
Chang [2019]°  60/128/76 ~ 341-468 f(])srlriatic Clonality package CHA 0%  30%(23/76) 22 g’a(i rls7)/ 76 P f (f ?'97 NA
Liu [20207]*! 16/40/16 464 Empirical -- HPE 0% 6% (1/16) 14% (2/14) NA
Sharing one high-
frequency driver 0% exclude
Wang [2021]12  51/116/51 605 Empirical mutation + one HPE 0% ;11 IPM 0% NA
low-frequency
mutation
Pei [202112  30/67/45 808  Empirical EsgaFrI‘{“Eg’;‘g{ Martini 0% 0% 47% (14/30) NA

a. In empirical interpretation, MPLC was usually defined as cases with different mutations or as

cases where one tumor had a mutation and the other tumor was wild-type. Here, "Special" refers to

the definition which was supplemented by the original literature aside from the above-mentioned

definition.

b. HPE refers to a pathological assessment method that evaluates the main pathological types and

subtypes but does not belong to CHA.

MLCs: multiple lung cancers. CHA: comprehensive histology assessment. IHC:

immunohistochemistry. NGS: next-generation sequencing. OS: overall survival. PFS: progression-free

survival. NA: not available or not applicable.
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Table S4. HR values of OS (MPLC versus IPM, classified by empirical or bioinformatic

interpretation)
First Author [year] MPLC IPM HR (95% CI) P value
Empirical Chang [2019] 41 19 0.742 [0.146, 3.766] 0.197
interpretation | Donfrancesco [2020] 14 10 0.602 [0.066, 5.458] 0.054
Ezer [2021] 46 15 0.377 [0.046, 3.067] 0.4
Roepman [2018] 34 23 0.467 [0.05, 4.345] 0.061
Takahashi [2018] 17 20 0.515[0.013, 19.664] 0.21
Goodwin[2021 33 7 0.11[0.03, 0.4] <0.05
Belardinilli [2021] 8 2 0.239[0.034, 1.684] 0.151
Bruehl [2022] 20 7 0.457 [0.084, 2.499] 0.57
Patel [2017] 8 3 0 [0, 0.09
1.4615397059142E+265]
Bioinformatic Belardinilli [2021] 7 4 3.981[0.1413, 112.2] -
interpretation Bruehl [2022] 20 7 0.2788 [0.04169, 1.864] -
Patel [2017] 7 1 0.08454 [0.004879, 1.465] -

Note: All data were obtained by grabbing and calculating the survival curves from available studies in the part of

systematic review.
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Table S5. Discrimination of MLCs by pathology or NGS in included studies

Author [year] Diagnosis Pathology Samples
MPLCs | IPMs IN
Chang [2019] NGS MPLCs 8 0 0 11 patients
IPMs 0 0 3
IN 0 0 0
Chang [2019] MPLCs 23 11 0 57 pairs
IPMs 0 9 0
IN*4 11 3 0
Chang [2019] MPLCs 9 1 7 37 patients
IPMs 6 6
IN 0 0 0
Chang [2019] MPLCs 45 6 0 76 pairs
IPMs 11 14 0
IN 0 0 0
Donfrancesco MPLCs 9 6 0 24 patients
[2020] IPMs 2 4 0
IN 2 1 0
Higuchi [2020] MPLCs 27 2 0 37 patients
IPMs 4 4 0
IN 0 0 0
Zheng [2020] MPLCs 6 4 1 18 patients
IPMs 0 4 0
IN 0 3 0
Liu [2020] MPLCs 12 0 0 16 patients
IPMs 2 1 1
IN 0 0 0
Wang [2021] MPLCs 44 0 0 51 patients
IPMs 0 0
IN 0 0 0
Chang [2019] MPLCs 14 4 0 32 patients
IPMs 0 6 0
IN 3 5 0
Chang [2019] MPLCs 8 1 0 11 pairs
IPMs 1 0 0
IN 1 0 0
Chang [2019] MPLCs 38 4 4 61 patients
IPMs 2 4 1
IN 0 0
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Table S6. Discriminating results of the different methods applied to each patient in included studies

This table is provided as an excel file (additional file 2).

Table S7. Conclusive rates of different discriminating methods subsampled from included studies

Panels Clinical | Pathology Empirical Bioinformatic Bioinformatic interpretation
used in interpretation | interpretation

included sub3 sub9 sub10 sub50
studies genes | genes genes genes
below 10 100.00 NA 100 91.75% 91.72 90.45 | 87.90% | 77.07%
genes % % %

around 20 96.77% 99.17% 98.14% 97.52% NA 93.94 | 75.25% | 64.65%
genes %

around 50 100.00 83.33% 93.18% 89.39% NA 87.88 | 81.82% | 77.27%
genes % %

around 300 | 99.99% 97.78% 82.22% 88.89% NA NA NA 80.00%
genes
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Table S8. Unique Driver mutations that occur at different times in MLCs compared to an Asian

cohort of solitary NSCLC

Driver Timing in MPLCs
ARNT Pre-GD initiating drivers
PRKDI1 Pre-GD initiating drivers
ERC1 Pre-GD initiating drivers
PRDM1 Pre-GD initiating drivers
PRKCB Pre-GD initiating drivers
MYH9 Post-GD clonal/subclonal
LRIG3 Post-GD clonal/subclonal
ERBB4 Post-GD clonal/subclonal
COL3Al Post-GD clonal/subclonal
TET2 Post-GD clonal/subclonal
PRCC Post-GD clonal/subclonal
ETV1 Post-GD clonal/subclonal
MYB Post-GD clonal/subclonal
NKX2-1 Post-GD clonal/subclonal
EML4 Post-GD clonal/subclonal
STIL Post-GD clonal/subclonal
CIC Post-GD clonal/subclonal
CTNNA2 Post-GD clonal/subclonal
DDX5 Post-GD clonal/subclonal
PTPRK Post-GD clonal/subclonal
KMT2A Post-GD clonal/subclonal
ALK Post-GD clonal/subclonal
CTNNBI1 Post-GD clonal/subclonal
PPP2RIA Post-GD clonal/subclonal
KAT6B Post-GD clonal/subclonal
STAG2 Post-GD clonal/subclonal
NFE2L2 Post-GD clonal/subclonal
NF1 Late drivers

NCOA2 Late drivers

CTNND2 Late drivers

CAMTAI Late drivers

KIAA1549 | Late drivers

ZNF331 Late drivers
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