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Genomic classification of intrapulmonary metastasis
and multiple primary lung cancer

Dear Editor,

The most critical decision point in the diagnosis of
multiple lung cancers is distinguishing between intra-
pulmonary metastasis (IPM) and multiple primary lung
cancer (MPLC), as this differentiation significantly affects
staging, treatment, and prognosis.'> With growing empha-
sis on molecular profiling, the latest guidelines highlight
its role in distinguishing IPM from MPLC, aiming to over-
come the limitations of classic histological criteria.** How-
ever, both conventional histology-based>® and recently
proposed genomic approaches’® have shown limited reli-
ability in clinical decision-making. In this study, we devel-
oped MeTel (Metastasis Teller), a probabilistic Bayesian
model that robustly classifies multifocal lung cancers as
either IPM or MPLC. MeTel is designed for non-small
cell lung cancer (NSCLC), which represents the major-
ity of multifocal lung cancer cases and for which somatic
mutation data are widely available through routine clini-
cal sequencing. Unlike previous approaches, MeTel does
not rely on empirically defined thresholds or data-driven
approaches, thereby enhancing generalisability across
sequencing platforms and patient populations.

The overall workflow of MeTel evaluates the profile of
somatic mutations from different tumour sites (Figures 1
and S1). Tumours are first evaluated for key driver muta-
tions (Table Sl); if discordant, MPLC is immediately
assigned. For concordant cases, MeTel calculates the prob-
abilities of IPM and MPLC classification, providing two
outputs: a classification score and a confidence level (‘Con-
fident’ or ‘Likely’). For ‘Likely’ cases, defined by low
variant counts, MeTel allows for post-adjustment using
Comprehensive Histological Assessment (CHA).® Detailed
descriptions of the MeTel algorithm are provided in the
Supplementary Methods.

We compared MeTel with four previously described
methods using independent test datasets (Table S2). Of
the 635 samples in the test set, MeTel accurately classi-
fied 623 cases, with an error rate of 1.89%, outperforming

all four other methods (Figure 2A, Table S3, and Note S1).
Moreover, MeTel achieved the highest Cohen x score of.95
(Figure 2B and Table S3), indicating a high inter-rater reli-
ability. The F1 scores for IPM (.97) and MPLC (.99) were
also the best for MeTel (Figure 2C and Table S4). Notably,
MeTel maintained high accuracy across the entire range of
gene panel sizes (93.75%-100% for 4-808 genes and whole-
exome sequencing (WES)), whereas the four previous
algorithms showed inconsistent accuracy across different
panel sizes and platforms (Figure 2D). This performance
stability indicates the strength of MeTel’s probabilistic
model, which avoids fixed cutoffs and training dependen-
cies. Its robustness across sequencing platforms and panel
sizes supports MeTel’s applicability in diverse clinical
settings.

The confidence level assigned by MeTel provided prac-
tical guidance in clinical decision-making. We found that
almost all miscalls (10/12) by MeTel were included in
the 336 ‘Likely’ calls (accuracy = 97.02%), whereas the
299 ‘Confident’ calls were 99.33% accurate (2/12 mis-
calls) (Figure 2E). As low confidence arises from lim-
ited genomic data, MeTel enables the integration of
histological information for ‘Likely’ calls. When this
optional process was applied, the overall accuracy of
MeTel was increased to 99.37% (Figure 2F), with Fl1
scores of.99 and 1.00 for IPM and MPLC, respectively
(Figure 2G). This demonstrates that MeTel provides highly
accurate classifications based solely on mutation pro-
files and can achieve near-perfect accuracy when sup-
plemented with histologic information. Moreover, this
result shows the algorithm’s flexibility, enabling integra-
tive diagnosis that combines mutation-based classification
with pathological assessments, particularly in ambiguous
cases.

We further applied MeTel to 12 in-house patients with
multifocal NSCLC from Yonsei University Severance Hos-
pital in Seoul, Korea (Tables S5 and S6), whose initial
classifications were equivocal under standard procedures
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FIGURE 1 Overview of the MeTel algorithm, MeTel takes in the input somatic mutation profile with variant allele frequency (VAF)
from the DNA sequencing data of multiple lung cancer samples as input. First, MeTel compares the driver mutations (EGFR, KRAS, ALK,
ROS1, BRAF, NTRK1/2/3, MET, RET, ERBB2, and NRG1). If there are different drivers, they are classified as MPLC, and if the drivers match,
the algorithm proceeds to further steps. MeTel estimates the probability of IPM (PI) and MPLC (PM) and outputs a classification score (s),

which is the log-scale value of the ratio of PI to PM. If s > 0, the classification is IPM; otherwise, it is MPLC. MeTel also provides a confidence
level of either ‘Likely’ or ‘Confident’, based on the maximum number of mutations in the two tumours. ‘Likely’ is assigned when both
tumours have two or fewer mutations; otherwise, the confidence level is ‘Confident’. When the confidence level is ‘Likely’, MeTel suggests an
optional process that integrates histopathology data and uses the result for the final classification.
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FIGURE 2 Performance of algorithms, (A) Classification results of the algorithms for test dataset (n = 635). The values on the right
indicate the error rates for each algorithm across the entire test dataset. (B) The Cohen « scores of the algorithms. (C) Precision and Recall for
IPM and MPLC samples, respectively. The values inside the circles represent the F1 scores. (D) The accuracy of the algorithms for the dataset
using different panel sizes. (E) Accuracy by the maximum mutation count of the two tumours (confidence level: ‘Likely’ for < 2, ‘Confident’
for > 3). (F) Changed accuracy at ‘Likely’ and all samples underwent the optional process. (G) Precision and recall before and after the
optional process.
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FIGURE 3
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Discordant cases between the histologic predictions and MeTel analysis for the in-house dataset. T refers to the tumour, with

the number that follows indicating the order of occurrence. NGS analysis was performed for Patients 2 and 6, above using whole exome
sequencing (WES), and for Patients 7 and 11 below, using the TSO500 panel sequencing. The microscopic slides display the representative
histological patterns of each tumour. Venn diagrams represent the counts of the shared and unique somatic mutations. The line graphs show
the results of the clonality analysis, depicting the clones constituting each tumour. In the case of panel sequencing data, the copy number
variant (CNV) results were included, and the red asterisk (*) indicates duplication. (A) Patient 2: T1.A: acinar-predominant component, T1.B:
lepidic component, T2-1A: acinar-predominant component, T2-1B: lepidic component. T2-2A: acinar-predominant component, and T2-2B:
lepidic component. There were 18 mutations shared by all tumours, and 120, 15 and 19 unique mutations were discovered in the three
tumours, which exhibited similar clonal composition. (B) Patient 6: T1.A: inflammatory stroma, T1.B: necrosis, T2.A: inflammatory stroma
and T2.B: necrosis. They shared 9 mutations and had 118 and 596 unique mutations. In addition, the profiles of the clones constituting each
tumour were different. (C) Patient 7: T1.A: lepidic-predominant component, T1.B: acinar component, T3.A: lepidic-predominant component,
and T3.B: acinar component. The tumours shared 8 mutations and had 2 and 3 unique mutations, respectively. Furthermore, they had three
copy number duplications in the same positions. (D) Patient 11: T1.A: acinar predominant component, T1.B: solid component, T2.A: solid
predominant component, and T2.B: complex glandular component. They shared 4 mutations and had 2 and 5 unique mutations. They
showed the same copy number duplication in chromosome 7.
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by pathologists, as described in the Supplementary Meth-
ods (section: In-House Cohort for Clinical Application).
We reviewed the 12 cases with additional follow-up infor-
mation, including disease progression, metastasis, and
sequencing data (Table S7). In eight cases, MeTel’s classifi-
cations aligned with the initial histopathologic diagnoses
and were further supported by prognostic and follow-
up data (Figures S2 and S3). In contrast, four cases
(Patients 2, 6, 7 and 11) exhibited discordance between
histologic diagnosis and MeTel, and underwent in-depth
reassessment. Patient 2 had three adenocarcinomas with
acinar-predominant morphology. Although the second
and third tumours exhibited micropapillary and lepidic
features suggestive of MPLC, MeTel predicted IPM. This
prediction was subsequently confirmed by CT imaging
and WES-based clonality analysis, leading to a revised
diagnosis (Figure 3A and Note S2). Patient 6, originally
diagnosed with IPM due to similar morphology of two
squamous cell carcinomas, was reclassified as MPLC based
on MeTel’s prediction. This was supported by distinct
clonal architectures (Figure 3B and Note S3). Patient 7 had
two lepidic-predominant adenocarcinomas separated by
8 years and was initially diagnosed as MPLC. However,
MeTel predicted IPM, which was substantiated by copy
number variation (CNV) similarity and clinical course
(Figure 3C, Table S8 and Note S4). Patient 11 presented with
two histologically dissimilar adenocarcinomas diagnosed 1
year apart. Although originally diagnosed as MPLC, MeTel
predicted IPM, supported by shared rare variants and sim-
ilar CNV patterns (Figure 3D, Table S9 and Note S5).
These cases show the advantage of using genomic informa-
tion in distinguishing IPM from MPLC, particularly when
the clinical diagnosis is uncertain. They not only validate
MeTel’s utility in guiding reassessment but also reveal the
limitations of conventional criteria — such as time interval
or histologic similarity — in accurately classifying multifo-
cal lung cancers. Supporting discussion is provided in Note
Sé.

In conclusion, MeTel provides a statistically principled,
training-free, and platform-independent approach for dis-
tinguishing IPM from MPLC using somatic mutation
data. Its Bayesian framework computes posterior prob-
abilities based on the number and frequency of shared
variants, without relying on arbitrary cutoffs or large
labelled datasets, thereby ensuring consistent performance
across sequencing platforms and patient populations. In
cases with low variant counts — and therefore lower-
confidence predictions — MeTel also allows the optional
integration of histopathologic information to support clin-
ical decision-making. The robustness of the current model
provides a strong foundation for future enhancements.
Our preliminary explorations into CNV integration and
ethnicity-specific modelling confirm the feasibility of these

extensions and underscore the critical need for larger
genomic databases to further advance the field (Notes S7
and S8). Ultimately, applying MeTel to larger prospective
cohorts will be essential to further establish its clinical
utility.
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