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Abstract

Background: Microsatellite instability (MSI) has emerged as a predictive biomarker

for immunotherapy response in various cancers, but its role in non–small cell lung

cancer (NSCLC) is not fully understood.

Methods: The authors used the bioinformatics tool MIAmS to assess microsatellite

status from next‐generation sequencing (NGS) data using a tailored microsatellite

score. Immunohistochemistry (IHC) assays were also performed to evaluate the

correspondence between MSI and deficient mismatch repair (dMMR) status. A

retrospective analysis of 1547 lung cancer patients was conducted, focusing on

those with an MSI phenotype. Clinical characteristics, co‐occurring molecular al-

terations, tumor mutation burden (TMB), and homologous recombination deficiency

(HRD) status were evaluated in this subset.

Results: Of the 1547 patients analyzed, eight (0.52%) were identified as having MSI

through MIAmS, with six (0.39%) of these cases also being dMMR on IHC. All pa-

tients with dMMR had an MS score ≥2 and a history of smoking. Most patients

showed loss of MLH1 and PMS2 staining on IHC. No correlation was found between

MSI status and programmed death‐ligand 1 expression, although all MSI patients

exhibited high TMB, averaging 21.4 � 5.6 mutations per megabase.

Discussion:MSI/dMMR in lung cancer is exceedingly rare, affecting less than 1% of

cases. NGS‐based analysis combined with bioinformatics tools provides a robust

method to identify MSI/dMMR patients, potentially guiding immunotherapy de-

cisions. This comprehensive approach integrates molecular genotyping and MSI

detection, offering personalized treatment options for lung cancer patients. NGS‐
based MSI testing is emerging as the preferred method for detecting microsatel-

lite instability in various tumor types, including rare cancers.
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INTRODUCTION

Lung cancer is the main cause of cancer‐related death worldwide.1

Non–small cell lung cancer (NSCLC) is the most frequent histological

type (80%–85%) and is frequently diagnosed at an advanced or met-

astatic stage.2 Immunotherapy using immune checkpoint‐blocking
antibodies (ICIs) targeting programmed death‐1 or its ligand (PD‐1/
PD‐L1) has improved outcomes in patients with early‐stage, locally
advanced, and metastatic NSCLC.3–6 PD‐L1 expression in tumor cells

(tumor proportion score [TPS]) has been identified as a predictive

biomarker of response to immunotherapy in NSCLC.7 However, the

correlation between PD‐L1 expression from TPS score and sensitivity

to ICIs in NSCLC remains insufficient,8 and the identification of addi-

tional biomarkers is a major challenge in distinguishing patients who

are likely to experience a prolonged response to immunotherapy.

Microsatellite (MS) instability (MSI) has been established as a

hallmark of cancer since its association with Lynch syndrome was

identified in 1993.9 The MSI phenotype is characterized by hetero-

geneity in the length of noncoding repeated DNA sequences. It re-

flects a deficiency in the DNA mismatch repair (dMMR) system,

which is encoded by MLH1, MSH2, MSH6, and PMS2. Dysfunction of

these genes leads to hypermutability, which is reflected by MSI. MSI

is thus a tumor phenotype linked either to sporadic inactivation of

the DNA mismatch repair system (methylation of the MLH1 gene

promoter inhibiting its expression), or to an inherited mutation of

MLH1, MSH2, MSH6, or PMS2.10 MSI and dMMR have been identified

as predictive biomarkers of response to immunotherapy.11,12 MSI

tumors are frequently observed in colorectal and endometrial can-

cers but also occur in other tumor types albeit at lower fre-

quencies.13,14 Some studies have shown that MSI is rare in NSCLC,

occurring in only a small subset (0.1%–1.0%).15–17

Immunohistochemistry (IHC) and polymerase chain reaction

(PCR) are two commonly used techniques for identifying genetically

unstable tumors. IHC examines histological slides for the absence of

MSH1, MLH1, PMS2, and MLH6 expression. This technique provides

an easy way of obtaining MS status, but does not take into account

mutations leading to qualitative alterations in proteins. In contrast,

PCR‐based MSI testing requires a larger amount of tumor cells in the

histological sample for DNA extraction than IHC but reporting on the

genomic consequences of MMR protein loss‐of‐function. Although
both techniques exhibit high concordance rates (90%–97%), they do

not achieve 100% sensitivity.18 Next‐generation sequencing (NGS) is

an emerging technique for diagnosing MSI tumors, although not

currently recommended. Its advantage lies in concurrently assessing

the mutational profile and MSI status.19 Our group has previously

developed and validated MIAmS,20 a software tailored to determine

the MS status of tumor samples from amplicon‐based NGS assays.

In this study, we analyzed the MS status of over 1500 lung

cancer samples, conducting a comprehensive examination of MSI by

assessing patients' clinical characteristics and correlating NGS‐based
MS determination with IHC identification. Additionally, we present

the co‐occurring molecular alterations profiled by NGS, including the

determination of tumor mutational burden (TMB) and homologous

recombination deficiency (HRD) status.

MATERIALS AND METHODS

Patient and sample cohort

A total of 1547 formalin‐fixed paraffin‐embedded (FFPE) speci-

mens from lung cancer samples, submitted from August 2019 to

March 2023 to the University Hospital of Montpellier (France) for

variant detection analysis by NGS, were retrospectively screened

for MS status determination. Only samples with tumor cell per-

centages equal to or greater than 30%, as determined by a trained

pathologist, were included in the study. This study was approved

by the institutional review board of the University Hospital of

Montpellier (IRB‐MTP_2023_01_202201240) and was conducted in

accordance with the Declaration of Helsinki. Information regarding

clinicopathological data and response to treatment was retrieved

from the medical records of patients classified as MSI/dMMR by

our analysis.

DNA extraction and quantification

Genomic DNA was extracted using the Maxwell RSC DNA FFPE

Kit (Promega, Madison, Wisconsin) according to the manufac-

turer’s recommendations. Extracted DNA was quantified using

the Qubit dsDNA High Sensitivity Assay Kit in combination with

a Qubit fluorimeter (Thermo Fisher Scientific, Waltham,

Massachusetts).

NGS analysis using the Advanta Solid Tumor NGS
Library Prep Assay

Two libraries were prepared per sample using the Advanta Solid

Tumor NGS Library Prep Assay with the automated Juno system on

integrated fluidic circuits (LP 8.8.6 IFC) (Fluidigm, San Francisco,

California) following the manufacturer’s instructions. The panel was

developed to explore 7 MS loci (Table S1) and detect somatic alter-

ations in 49 oncology‐relevant genes (245 kb, 1581 assays)
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(Table S2). Briefly, LP 8.8.6 IFCs were primed with 20 ng DNA per

sample in the PCR mix. After amplification, pooled harvested samples

were purified using AMPure XP beads (Beckman Coulter, Brea, Cal-

ifornia) and a second PCR was performed to integrate the sequencing

adapters. Libraries were then quantified, normalized and paired‐end
sequenced using a NextSeq instrument (2 � 150 cycles, Illumina, San

Diego, California). Single nucleotide variants (SNVs) and small in-

sertions/deletions (indels) were detected using an in‐house bioin-

formatics workflow as previously described.21 Interpretation of

reported variants followed the American College of Medical Genetics

(ACMG) recommendations and used public databases.22 Only vari-

ants annotated as pathogenic, likely pathogenic or of uncertain sig-

nificance were included in the study.

NGS‐based MS status determination

A bioinformatics tool, MIAmS,20 was used to assess the MS status.

MIAmS uses machine‐learning approaches and consists of four key

steps. First, MIAmS_learn creates a model of the length distribution

corresponding to MSI and MSS for each locus based on a learning

data set. Subsequently, MIAmS_tag predicts the MS status from two

independent classifiers, MSINGS23 and SVCpairs. The first classifier

operates by comparing the deviation with the maximum‐matched
normal model of peak distribution. The second classifier merges

pairs of reads to eliminate fragments with indel errors stemming

from the sequencing process. It classifies the length distributions of

each locus using models of stable and unstable distributions,

employing a support vector machine (SVM) sourced from scikit‐
learn.24 Each classifier inside MIAmS assigns an MSI or MSS status

to each sample, along with a confidence score ranging from 0 to 1. If

the score falls below 0.5, the classifier designates the MS status as

"Undetermined."

Deterministic ranking algorithm

For this study, we developed a specific MS_score and implemented a

deterministic ranking algorithm. This algorithm operates as a rank‐
by‐feature method, where each item is ranked based on its feature

values. In our case, the features consist of four MS status predictions

per sample, and the MS_score is calculated as follows:

score

0

@
MSI
MSS

undetermined

1

A¼

0

@
1

−1
0

1

A

MS score¼
X

scoreðXiÞ

with X, the status from MSINGS and SVCpairs and i = lib1, lib2.

The samples were then sorted based on their MS_score, with the

top‐ranking samples scoring above 0 classified as potentially MSI.

MMR immunohistochemistry

Immunohistochemistry was performed on FFPE 3‐µm tissue sections

using ready‐to‐use monoclonal antibodies (Agilent Technologies,

Santa Clara, California) against MLH1 (clone ES05), MSH2 (clone

FE11), MSH6 (clone EP49), and PMS2 (clone EP51). MMR deficiency

was defined as complete negative nuclear staining for any MMR

protein in the presence of positive internal controls (stromal cells

and/or lymphocytes).

Mismatch and homologous recombination repair gene
panel analysis and HRD status determination

Libraries were prepared using the Twist library preparation kits

(Twist Biosciences, San Francisco, California) according to the man-

ufacturer’s instructions. Briefly, 50 ng of DNA per sample was sub-

jected to enzymatic fragmentation, ligation of universal adapters, and

indexation using eight amplification cycles. The pre‐capture libraries

were purified, qualified and quantified. A total of 1.6 µg of pooled

indexed libraries (eight of 200 ng each) was hybridized to the bio-

tinylated double‐stranded DNA probe panel for 16 hours at 70°C.

After binding of hybridized targets to streptavidin beads, post‐
capture libraries were washed, amplified, purified, quantified,

normalized, and paired‐end sequenced on a NextSeq instrument (2 �
150 cycles, Illumina). The custom panel used allowed the detection of

alterations in the full coding sequence of 21 genes involved in DNA

repair pathways (Table S3). SNV and small indels were also detected

using an in‐house bioinformatics workflow. Briefly, reads were

trimmed with cutadapt (version 3.2)25 and aligned to the human

genome GRCh37 with BWA (version 0.7.17),26 and the variant calling

was performed using VarDict (version 1.8.2),27 freebayes (version

1.3.2),28 and mutect2 (version 4.1.4).29 Variants detected by the

three variant callers were kept and annotated with Variant Effect

Predictor (version 101)30 and reported. Variants with a frequency of

1% or more in the population from the GnomAD database31 were

considered as polymorphisms and were excluded. For the HRD status

determination, shallow whole genome sequencing was performed

from the pre‐capture indexed libraries and sequenced on a NextSeq

instrument (2 � 150 cycles, Illumina) at a depth coverage of ~1�.

HRD status was determined using the shallowHRD bioinformatics

pipeline.32 Variant interpretation was done using Mobidetails22

specifically, in silico splicing prediction was done using SpliceAI33 and

SPiP (10.1002/humu.24491). The semi‐automated ACMG classifica-

tion was done using GeneBe.34

TMB status determination

Libraries were prepared using the OncoDEEP DNA Kit (OncoDEEP,

Twist Biosciences, San Francisco, California) according to the man-

ufacturer’s instructions. Briefly, 100 ng of DNA per sample was
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subjected to enzymatic fragmentation, ligation of universal adapters

and indexation using eight amplification cycles. The pre‐capture li-

braries were purified, qualified, and quantified. A total of 2.5 µg of

pooled indexed libraries (eight of 312 ng each) was hybridized to the

biotinylated double‐stranded DNA probe panel for 16 hours at 70°C.

After binding of hybridized targets to streptavidin beads, post‐
capture libraries were washed, amplified, purified, quantified,

normalized, and paired‐end sequenced on a NextSeq instrument (2 �
74 cycles, Illumina). The OncoDEEP comprehensive gene panel is

composed of probes targeting 638 genes. TMB status determination

was determined using the OncoKDM platform.

RESULTS

Retrospective analysis of MS status from lung cancer
patients

From August 2019 to March 2023, a cohort of 1547 patients diag-

nosed with lung cancer underwent comprehensive NGS analysis and

was retrospectively screened for MS status determination. The most

common histological subtype within this retrospective cohort was

nonsquamous NSCLC, accounting for 93.4% of cases (n = 1445).

Notably, a subset of eight individuals, constituting 0.52% of the entire

cohort, exhibited a MS_score >0. Tissue samples were examined

through anatomopathological assays to assess the dMMR status of

these patients. IHC revealed that six of these eight patients (75.0%)

had a dMMR status. It is worth noting that all six of these patients

exhibited an MS_score ≥2 (Figure 1; Table 1).

Further characterization of the IHC staining patterns revealed

that all but one patient showed loss of staining for both MLH1 and

PMS2. The remaining patient had an isolated loss of MSH6 staining

(Figure 2). These combined analyses allowed for the identification of

six MSI/dMMR patients among the 1547 patients (0.39%). Regarding

molecular alterations of patients with MSI/dMMR phenotype, all

patients presented an alteration on MLH1 or MSH6 genes (patho-

genic/nonfunctional or a variant of unknown significance [VUS]).

Co‐occurring molecular alterations in the MSI/dMMR
samples

To explore the genetic landscape of the MSI/dMMR phenotype, we

determined the prevalence of co‐occurring molecular alterations in

the 6 MSI/dMMR samples, including SNV‐indel detection, CNV

detection, HRD status determination, and TMB calculation (Figure 3;

Table S4).

All patients demonstrated either a nonfunctional TP53 alteration

consistent with the guidelines set by the International Agency for

Research on Cancer (five of six; P2, P4, P6, P7, and P8), or a VUS (one

of six; P3). This observation is consistent with the documented

smoking history for all patients.35 Notably, three out of the four al-

terations observed in MLH1 (in P2, P3, and P6), which are presumed

to account for the MSI/dMMR phenotype, were identified as G:C>T:
A transversions commonly associated with smoking exposure

(Table S4).36,37

All patients had cancer‐related gene alterations, including alter-

ations in the MAP‐kinase and PI3K/AKT signaling pathways

(Figure 3).

HRD status determination using the shallowHRD pipeline, resul-

ted in three patients (P2, P3, and P4) showing a clear negative profile

(HRD scores of 3, 4, and 3, respectively), two displaying intermediate

profiles (P7 and P8 with HRD scores of 10 and 14, respectively), and

one sample (P8) returning as HRD‐positive (HRD score= 22). Notably,

P7 harbored a pathogenic alteration in BRCA2 associated with an in-

termediate HRD score, and P3 harbored a pathogenic BRCA1 alter-

ation associated with a clear negative HRD score.

The patients exhibited high TMB (21.4 � 5.6 Mut/Mb), which

correlates with the elevated number of pathogenic and VUS alter-

ations observed in various cancer‐related genes (ranging from four to

17 significant alterations per sample).

Clinical characteristics of patients with the MSI/
dMMR phenotype

The clinical characteristics of the six patients with MSI/dMMR are

described in Table 2 and Figure 3. Among them, 66.6% were male, and

the median age was 62.2 years (41–83). Notably, all patients were

current or former smokers. With regard to the stage of their disease,

two patients (33.3%)were stages I/II, one patient (16.7%)was stage III,

and three patients (50%) were stage IV. All patients were treated ac-

cording to disease staging in accordance with international guidelines.

One patient (P7) had a stage III lung adenocarcinoma with PD‐L1 TPS
expression of 2%. NGS analysis revealed multiple alterations, and the

patient was treated with concomitant radiochemotherapy followed by

durvalumab (an anti‐PD‐L1 ICI) in consolidation for 1 year. After a

follow‐up of 1 year, the patient did not experience tumor relapse.

Another patient (P6) had a de novo metastatic lung adenocarcinoma

with 80% PD‐L1 TPS expression. The patient was treated in first

metastatic line by chemo‐immunotherapy combination, to which the

patient responded favorably, achieving disease control since2021. The

remaining patients did not receive ICIs during the course of treatment.

For instance, one patient (P4) had de novo metastatic large‐cell
neuroendocrine carcinoma and a history of alcoholic cirrhosis. The

patient was treated with platinum‐based doublet chemotherapy as

first‐line treatment. Unfortunately, his prognosiswas poor, and he died
6 months after diagnosis of the disease.

DISCUSSION

This study revealed the presence of six cases (0.39%) of MSI/dMMR

patients among a cohort of 1547 lung cancer patients. Our findings

align with existing literature, indicating that MSI is rare in lung can-

cer, identifying five of 1445 (0.34%) NSCLC patients and one of 43
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F I GUR E 1 Workflow of the study. A double‐library NGS analysis was conducted to assess the MSI status of 1547 lung cancer patients.

High patients were identified with an MS_score >0. Among these patients, six had an MSI/dMMR phenotype, including five cases of NSCLC
(0.34%) and one case of LCNEC (2.3%). dMMR indicates deficient mismatch repair; LCNEC, large cell neuroendocrine carcinoma of the lung;
MSI, microsatellite instability; NGS, next‐generation sequencing; NSCLC, non–small cell lung cancer.
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(2.3%) neuroendocrine tumors with MSI.15–17 Our investigation of

the landscape of genetic alterations in lung cancer revealed

compelling insights. In the sample set, four of six patients displayed

MLH1 alterations (P2, P3, P4, and P6), potentially elucidating the

dMMR phenotype. Interestingly, three of these patients (P2, P4, and

P6) exhibited alterations at a consensus splice site in MLH1. These

alterations were classified as VUS because their impact on protein

was not conclusively assessed through functional analysis. To provide

more detail, in P2, the alteration affects the donor site. Although

SpliceAI’s prediction is inconclusive (confidence scores below 0.5),

SPiP predicts a splice site alteration with a 98.41% risk. In P4, the

variant is predicted to result in both acceptor and donor site loss,

with confidence scores of 0.94 and 0.75, respectively. This variant is

listed in ClinVar38 as having “uncertain significance” and also has a

semi‐automated ACMG classification of “uncertain significance.”

Additionally, it is reported in LOVD39 with a functional impact

described as “probably affected.” In P6, an alteration was identified

that is predicted to cause acceptor site loss with a confidence score

of 0.99, indicating a definitive loss of the acceptor site. The remaining

patient (P3) exhibited an alteration that resulted in a stop codon in

MLH1 exon 6, which was classified as pathogenic, leading to the loss

of MLH1 expression observed in IHC analysis. This MLH1 inactiva-

tion differs significantly from inactivation observed in sporadic tu-

mors of the digestive or gynecologic tracts, where inactivation

typically arises from hypermethylation of theMLH1 gene promoter.40

However, this mechanism was not observed in our cohort, as none of

the patients exhibited hypermethylation of theMLH1 gene promoter.

Patient 7 displayed several distinct tumor characteristics. First,

the tumor sample exhibited 17 somatic alterations, the highest

TAB L E 1 IHC and MS_score results.

Patient MS_score IHC

P2 4 MLH1/PMS2 loss dMMR

P3 4 MLH1/PMS2 loss dMMR

P6 4 MLH1/PMS2 loss dMMR

P7 4 MLH1/PMS2 loss dMMR

P8 4 MSH6 loss dMMR

P4 2 MLH1/PMS2 loss dMMR

P1 1 — pMMR

P5 1 — pMMR

Abbreviations: dMMR, deficient mismatch repair; IHC,

immunohistochemistry; MS, microsatellite instability; pMMR, proficient

mismatch repair.

F I GUR E 2 MMR immunohistochemistry results. (A) Lung adenocarcinoma, resection specimen, �400. Loss of nuclear expression of the
functional heterodimers MLH1 and PMS2. MS_score = 4. (B) Brain metastasis from lung adenocarcinoma, resection specimen, �400. Isolated

loss of nuclear MSH6 expression. Note the persistent expression of MSH2, which is a functional heterodimer. MS_score = 4. (C) Cervical lymph
node metastasis from lung adenocarcinoma, biopsy needles, �100. Loss of nuclear expression of MLH1 and PMS2. MS_score = 4. (D) Bone
metastasis from a lung large‐cell neuroendocrine carcinoma, biopsy needles, �100. Loss of nuclear expression of MLH1 and PMS2.
MS_score = 2. For each figure, internal controls are represented by normal immunostaining of stromal cells and lymphocytes for the MMR

proteins tested. MMR indicates mismatch repair.
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number observed in our cohort. These alterations included multiple

changes in ATM, NF1, JAK3, KIT, RET, and STK11, which were classi-

fied as VUS or pathogenic. Furthermore, despite extensive analyses,

we were unable to identify the genetic cause of the MSI/dMMR

phenotype. The only notable alteration in the DNA MMR genes was a

VUS in MSH6, which did not result in the loss of MSH6 expression, as

confirmed by IHC staining. It is plausible that this tumor sample

harbored a variant in a deep intronic region not covered by our panel,

potentially affecting the splicing of MLH1. Finally, P7 showed path-

ogenic alterations in BRCA2 and BRIP1, along with an intermediate

HRD score of 11. Notably, the presence of pathogenic alterations in

BRCA1/2 in two samples (P3 and P7), along with their low or inter-

mediate HRD scores, suggests a distinct mechanism compared to

high‐grade serous ovarian cancers, where BRCA‐altered samples

consistently display an HRD‐positive score.41 Alternatively, these

alterations may represent subclonal passenger mutations. P6 also

exhibited a distinctive genetic profile characterized by several

notable features. P6 demonstrated a high HRD score, which is

indicative of genomic instability. Additionally, P6 harbored a patho-

genic alteration in MSH6 without concurrent loss of MSH6 expres-

sion, as observed by IHC staining. Notably, P6 was the sole patient in

our cohort to display a pathogenic alteration in CHEK2, a key cell‐
cycle regulator and potential tumor suppressor. CHEK2 plays a

crucial role in DNA damage response by interacting with and phos-

phorylating BRCA1, thereby enabling BRCA1 to restore cell survival

after DNA damage. This mechanism may offer a potential explanation

for the elevated HRD score observed in this patient. The presence of

four established or emerging biomarkers associated with positive

F I GUR E 3 Clinicopathological and genomic characteristics. HR indicates homologous recombination; HRD, homologous recombination

deficiency; LCNEC, large cell neuroendocrine carcinoma of the lung; MMR, mismatch repair; NSCLC, non–small cell lung cancer; PDL1,
programmed death‐ligand 1; TMB, tumor mutational burden; VUS, variant of unknown significance.
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responses to ICI, namely, the MSI/dMMR phenotype,15 high HRD

score,42 high TMB,43,44 and elevated PDL1 expression,45 may explain

the remarkable response of this patient to ICI since 2021.

According to Yang et al.,15 MSI NSCLC had a higher median TMB

(37.4 Mut/Mb) compared to MSS NSCLC (8.5 Mut/Mb) (p < 10−4).

Our TMB calculations in the cohort were consistent with these

findings (21.4 � 5.6 Mut/Mb). This observation aligns with the hy-

pothesis that MMR defects lead to decreased accuracy in detecting

and repairing DNA damage, resulting in higher TMB and an increased

frequency of somatic alterations. However, we would like to highlight

some distinctions using data from the KEYNOTE‐158 study46 that

evaluated the association of TMB with clinical outcomes in patients

with advanced solid tumors treated with pembrolizumab. In this

cohort, among TMB‐high patients, only 28 of 207 (13.5%) were

identified as MSI. Furthermore, there were no MSI cases observed in

the non‐TMB‐high control group. These findings emphasize the

excellent negative predictive value (NPV) of TMB for MSI status,

whereas its positive predictive value remains incomplete.

Additionally, TMB is not routinely used as a predictive biomarker

of ICIs in daily clinical practice for NSCLC therapeutic strategies. A

possible explanation for the limited predictive sensitivity of TMB in

relation to ICIs efficacy lies in the dependency of ICI response on the

presence of preexisting CD8þ T cells. In some contexts, the predic-

tive utility of TMB is more reflective of high basal immune cell

infiltration rather than a direct correlation with ICI sensitivity. For

instance, a cohort of more than 10,000 tumor samples from The

Cancer Genome Atlas was analyzed to evaluate TMB approaches and

the correlation between predicted neoantigen load and CD8þ T‐cell
infiltration. In cancer types where no significant relationship was

observed between CD8þ T‐cell levels and neoantigen load (e.g.,

breast cancer, prostate cancer, and glioma), TMB‐high tumors failed

to achieve a 20% objective response rate (ORR) (OR = 15.3%; 95%

confidence interval [CI], 9.2–23.4; p = .95) and demonstrated a

significantly lower ORR compared to TMB‐low tumors (OR = 0.46;

95% CI, 0.24–0.88; p = .02).47

Importantly, although no specific clinicopathological pattern

emerged for patients with MSI/dMMR, all patients had a history of

current or former smoking. This association between smoking

exposure and MSI/dMMR is supported by the presence of G:C>T:A
transversions, commonly linked to smoking in MMR genes. This un-

derscores the need for further investigation into the relationship

between smoking and MSI pathogenesis. Moreover, we had to notice

that five of six patients from our cohort presented a lung

adenocarcinoma.

Our study presents an innovative approach to MSI that uses NGS

technology to advance diagnostic methodologies in this field.

Although PCR and IHC are conventional methods for MSI detection,

the strength of our study lies in the development and validation of a

bioinformatics tool for identifying MSI through NGS analysis. To

address the limitation of the learning phase of MIAmS lacking lung

cancer cases, we introduced a deterministic ranking algorithm and an

MS_score tailored specifically for these patients. The robustness of

our ranking feature approach was confirmed, as the top six ranked

patients (MS_score ≥2) were validated as dMMR through IHC

testing. Additionally, we compared our results with MSISensor‐pro,48

an upgraded version of MSISensor49 that enables tumor‐only MSI

detection. MSISensor‐pro does not provide a predefined cutoff, as

the optimal threshold varies depending on the sequencing panel. To

use MSISensor‐pro with a new panel for tumor‐only MSI detection, a

gold standard reference is required to determine a suitable cutoff

specific to that panel. For comparison purposes, we applied the same

loci and the commonly accepted criterion of three MSI loci to classify

a sample as MSI. Despite MSISensor‐pro not being as carefully

optimized as MIAmS, it produced good results: all six dMMR samples

were correctly identified as MSI by MSISensor‐pro. However, its

TAB L E 2 Clinicopathological features of MSI/dMMR patients.

Characteristics MSI/dMMR patients (n = 6)

Age (years)

Median (range) 62 (41–83)

Gender

Male 4 (66.6)

Female 2 (33.3)

Smoking status, No. (%)

Current or former 6 (100)

Never 0 (0)

Median (pack‐year) 33.0

Stage at diagnosis

I–II 2 (33.3)

III 1 (16.7)

IV 3 (40.0)

Histology

Adenocarcinoma 5 (83.3)

Squamous cell carcinoma 0 (0)

Sarcomatoid carcinoma 0 (0)

Large cell neuroendocrine carcinoma 1 (16.7)

PD‐L1 tumor proportion score, No. (%); (n = 5)

<1% 1 (25.0)

1%–49% 2 (50.0)

≥50% 1 (25.0)

MIAmS score, No. (%)

1 0 (0)

2 1 (16.7)

3 0 (0)

4 5 (83.3)

Abbreviations: dMMR, deficient mismatch repair; MSI, microsatellite

instability; PD‐L1, programmed death‐ligand 1.
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results did not fully align with the IHC findings; one of three profi-

cient mismatch repair (pMMR) samples was misclassified as MSI by

MSISensor‐pro, despite having an MS_score <1. This underscores the
importance of carefully parameterizing and optimizing bioinformatics

tools, particularly when analyzing rare events. These findings further

emphasize the robustness and relevance of our approach.

The approval by the Food and Drug Administration of pem-

brolizumab (anti‐PD‐1) for the treatment of adult and pediatric pa-

tients with unresectable or metastatic MSI or dMMR solid tumors

that have progressed following prior treatment and for whom no

alternative treatment options are available represents a significant

milestone.50 As observed in our study, MSI and PD‐L1 expression

levels were not correlated, highlighting the importance of systematic

determination of MS status. This is particularly relevant for neuro-

endocrine lung cancers, where MSI is more frequent, and ICIs are not

the standard of care. Despite the rarity of MSI/dMMR lung cancers,

this straightforward implementation could enable diagnostic labora-

tories to adopt such a solution if MS status proves to be valuable in

patient care management. Indeed, the implementation of an MS

status determination tool in an “all‐in‐one” bioinformatics solution

minimally disrupts laboratory workflows and leads to cost‐effective
and efficient testing.

Notwithstanding the valuable insights gained, our study has

several limitations. Immunotherapy data for patients in advanced or

metastatic stages were lacking, preventing a comprehensive assess-

ment of the potential benefits of ICIs in our cohort. In addition,

retrospective analysis of MSI in NGS samples from samples analyzed

in daily practice, predominantly those with NSCLC, may lead to an

underestimation of the prevalence of MSI in patients with other

types of lung cancer.

In conclusion, the occurrence of MSI/dMMR in lung cancer is

exceedingly rare, accounting for less than 1% of all cases. Never-

theless, NGS‐based MSI analysis has proven to be a valuable

screening method, and the MS_score is a robust bioinformatics so-

lution for this particular context.
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