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Abstract
Instruction: Synchronous multiple primary lung cancer (sMPLC) constitutes a distinct subtype of
NSCLC, where accurate diagnosis and prognostic evaluation remain challenging. Case Presentation:
The case involves a 70-year-old male patient admitted to the hospital due to bilateral pulmonary
nodules. The patient underwent staged resection. Molecular pathological examination revealed that
tumor Aharbored concurrentmutations inMET exon 14 skipping and PIK3CA (p.E545K), while tumor B
exhibited a KRAS exon 2 (p.G12S/D) mutation. Postoperatively, the patient demonstrated a favorable
recovery, with no evidence of recurrence for 1 year.Conclusion: This study presents a case of sMPLC in
early-stage lung cancer, illustrating the genetic heterogeneity in early-stage lung adenocarcinoma and
underscoring the significance of precise evaluation of sMPLC and intrapulmonary metastases.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Based on the 2020 Global Cancer Burden Index analysis released by the World Health
Organization’s International Agency for Research on Cancer, the leading position of lung
cancer in worldwide incidence and mortality was emphasized [1]. With the widespread
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adoption of thin-slice computed tomography in lung cancer screening and the ongoing ad-
vancements in clinical research, the detection rate of synchronous multiple primary lung
cancers (sMPLCs) has steadily increased [2]. Its characteristic is the occurrence of two or
more primary tumors in the lung on the same or opposite side within the same period
(i.e., within 6 months). These multifocal lesions are anatomically separate, and their origins
are relatively independent [3]. Due to its multiple lesions, scattered distribution, and complex
pathological features, sMPLC has garnered extensive clinical attention. Currently, a prevailing
challenge with sMPLC is how these nodules are categorized, whether these multiple nodules
are independent lesions or intrapulmonary metastases (IPMs), which directly affects ther-
apeutic decisions and prognostic evaluations. Given the significant heterogeneity of lung
adenocarcinoma both histologically and molecularly, an integrated histopathological and
molecular genetic approach is pivotal to delineate tumor interrelationships in sMPLC, en-
riching guidelines for staging and treatment [4]. Previous studies have shown that the
molecular heterogeneity of sMPLC is related to multiple driver mutation genes such as
epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), proto-
oncogene tyrosine-kinase protein (ROS1), mesenchymal epithelial transition factor (MET),
and Kirsten rat sarcoma viral oncogene (KRAS). Detecting these high-frequency driver genes
in multiple lesions helps to more precisely interpret the clonal origin and tumorigenesis of
sMPLC [5–7].

The simultaneous presence of three mutations is exceptionally rare in early-stage NSCLC,
and no cases with such genetic co-mutations have been reported. Herein, we report two
lesions with similar histopathological characteristics: one nodule harbored a concurrent
mutation in MET exon 14 skipping and phosphatidylinositol-4,5-bisphosphate 3-kinase
(PIK3CA) (p.E545K), while the other nodule exhibited a KRAS exon 2 (p.G12S/D) muta-
tion. This underscores the genetic heterogeneity in early-stage lung adenocarcinoma and
provides a critical basis for the differential diagnosis of sMPLC/IPM. The CARE Checklist has
been completed by the authors for this case report and is attached as online supplementary
material (for all online suppl. material, see https://doi.org/10.1159/000540355).

Case Presentation

A 70-year-old male with a 40-year smoking history presented with chest discomfort,
cough, and production of white sputum 3 years ago, without any obvious predisposing factors.
He had no significant symptoms of dyspnea, chills, fever, or chest pain. Two months ago, his
symptoms worsened. High-resolution computed tomography (HRCT) revealed a ground-glass
opacity lesion (tumor A) in the left upper lobe (LUL, 34 × 24mm) and a solid nodule (tumor B)
with irregular high-density shadows in the dorsal segment of the right lower lobe (RLL, 19 ×
13 mm) (Fig. 1). There were multiple speckle-like and nodular high-density shadows and
calcifications in both lungs. A PET-CT scan showed a hyper-metabolic lesion in the LUL,
considering the possibility of malignant lesion. In addition, multiple patchy shadows in the
RLL and mild hypermetabolism in bilateral hilar lymph nodes (LNs) were found.

He was admitted to our hospital for further treatment in February 2023. He underwent
the first LUL lobectomy with mediastinal LN dissection and the second RLL wedge resection
4 months later. Pathological analysis confirmed both nodules as moderately differentiated
invasive adenocarcinoma, without signs of vascular tumor thrombus, perineural invasion, or
LN metastasis. Histopathology exhibited that tumor A was acinar and papillary subtype,
whereas tumor B was acinar and lepidic subtype (Fig. 2). Molecular pathological analysis
using Amplification Refractory Mutation System Polymerase Chain Reaction (ARMS-PCR)
detected multiple gene mutations. The tumor A harbored the double mutation of MET ex14
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skipping and PIK3CA (p.E545K), while the tumor B contained themutation of the KRAS exon 2
(p.G12S/D) (Fig. 3). Therefore, the 2 lesions were from independent clonal origins. The
patient did not receive the MET inhibitor-targeted therapy and recovered well after surgery.

The patient returned to our hospital in October 2023. Follow-up indicated normalized
oncologic markers and negative tests for seven lung cancer-specific autoantibodies. HRCT
scans revealed improved lung markings and increased pulmonary clarity (Fig. 1). The patient
has demonstrated a promising recovery, with no signs of recurrence. Detailed clinicopath-
ological characteristics and Molecular pathological examination are shown in Table 1.

Discussion

Currently, MPLC accounts for an incidence of 2.4%–18.7% in lung cancer, with no
significant gender differences, and most patients presenting with dual nodular lesions
[8–10]. Over recent years, pathologists have progressively refined their histological
understanding of MPLC. Nevertheless, distinguishing between multiple lesions with
similar histological types and growth patterns has yet to be elucidated. Accurately dif-
ferentiating between MPLC and IPM holds significant clinical value since it directly affects
tumor staging, therapeutic strategies, and prognosis [9–11]. The Martini and Melamed
(MM) criteria, along with the Comprehensive Histologic Assessment (CHA) criteria, serve
as primary clinical tools for differentiating between MPLC and IPM by more intricately
evaluating the histologic features among multiple lesions [12, 13]. While these methods
afford improved differentiation accuracy, relying solely on histological diagnosis in clinical
settings has its limitations.

Previous research had underscored the significant genetic heterogeneity of sMPLC
with similar histopathological subtypes [14]. Owing to this characteristic, molecular
genetics and biology techniques have been increasingly employed in the differential
diagnosis between MPLC and IPM. Variability in oncogenic driver gene mutations among
multiple nodules indicates distinct clonal origins, whereas intrapulmonary metastatic
cancers often display identical mutations. Genomic analyses have ushered in novel
strategies for diagnosing sMPLC.

PI3K/AKT/mTOR and RAS/RAF/MEK are two crucial signaling cascades that are
activated by RAS to regulate tumorigenesis, progression, and metastasis in lung cancer
[15]. Overactivation of these pathways is often due to mutations in high-frequency driver
genes such as EGFR, KRAS, BRAF, and PIK3CA [16, 17]. In cases where the pathological
subtypes remain consistent, but the relationship between multiple lesions is ambiguous,
evaluating the previously mentioned high-frequency driver genes emerges as a crucial
differential diagnostic tool [18]. The employed gene testing kit in our case comprised both

Fig. 1. Computed tomography (CT) images. a The red arrow indicated a ground-glass opacity (GGO) lesion
in the left upper lobe. b The yellow arrow indicated a solid nodule with irregular high-density shadows
in the dorsal segment of the right lower lobe. c Both lungs showed improved lung markings and
increased pulmonary clarity.
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vital genes endorsed by national and international guidelines (EGFR/ALK/ROS1) and
expanded genes (BRAF/HER2/KRAS/NRAS/PIK3CA/RET/MET) targeting prevalent
mutation regions. Intriguingly, genetic diagnostics revealed MET ex14 skipping and
PIK3CA dual mutations in tumor A and a KRAS mutation in tumor B. Several driver
mutations have been identified in lung adenocarcinomas, most of which occur mutually

Fig. 2. a The mass in the left upper lobe showed acinar and papillary subtype (H&E, ×200). b The mass
in the right lower lobe showed acinar and lepidic subtype (H&E, ×200).

3
(Figure continued on next page.)
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exclusive. Current studies indicate a mutation frequency of only 0.9% for METex14
skipping in lung adenocarcinoma in China, and coexistence with other driver gene
mutations is even rarer [19, 20]. Among them, PIK3CA mutations are an exception
identified with other driver mutations such as EGFR and KRAS mutations in early-stage
NSCLC [21]. However, to our knowledge, this is the first report of simultaneous PIK3CA
and MET mutations in a single tumor. Our patient represents the inaugural case report of
sMPLC exhibiting three gene mutations between the two lesions in early-stage lung
cancer.

For high-risk nodules requiring clinical intervention, surgical resection is the pri-
mary therapeutic option in MPLC. The surgical strategy was devised based on the lesion’s
anatomical location, cardiopulmonary function, and the patient’s comprehensive physical
status, with priority given to the main lesion [22, 23]. Our patient, an elderly smoker
presenting with chest discomfort, cough and expectoration, underwent an exhaustive
evaluation. Following this assessment, staged resection of bilateral pulmonary nodules
was undertaken to mitigate surgical risks and postoperative complications, thereby
optimizing recovery. Given the presence of multiple oncogenic mutations, tumor markers
and seven lung cancer-specific autoantibodies were systematically monitored in con-
junction with HRCT scans during follow-up. The patient maintained favorable postop-
erative health, with no evidence of recurrence at the most recent follow-up.

In this case, although the LUL and RLL masses demonstrated analogous histology, they
exhibited distinct genetic characteristics. It illustrated that a variety of driver genemutations can
manifest in different lobes concurrently even if early lung cancer. Such intricate mutations
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(Figure continued on next page.)
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suggest that tumor heterogeneity can be present across distinct tumors simultaneously. Mo-
lecular biological analysis provides a more comprehensive foundation for the diagnosis and
treatment of such patients. Meanwhile, sMPLC can also be further providedwith more abundant
genetic data and a whole view of the genetic landscape of the tumors through the application of
other molecular detection methods, such as whole exon sequencing and whole genome
sequencing.

Fig. 3.Molecular pathological examination in multiple pulmonary nodules by ARMS-PCR. MET Ex14 skipping
(a) and PIK3CA (p.E545K) mutation (b) testing in the left upper lobe; KRAS exon2 (p.G12S/D) mutation
testing in the right lower lobe (c).

Table 1. Clinicopathological characteristics and gene information of sMPLC

First-stage operation Second-stage operation

Extent of operation Lobectomy Wedge

Location LUL RLL

Size 2.4 × 1.5 × 0.7 cm 1.8 × 1.3 × 0.7 cm

Histology IA IA

Subtype Acinal, papillary Acinal, Lepidic

pTNM stage T1cN0Mx T1bN0Mx

Molecular findings Double mutation of MET ex14 Skipping and PIK3CA KRAS exon2 p.G12S/D

LUL, left upper lobe; RLL, right lower lobe; IA, invasive adenocarcinoma.
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Conclusion

The case provided diversity of gene expression in early-stage lung adenocarcinoma. As
further research into sMPLC is undertaken, incorporating a broader spectrum of genetic
molecular features will enable a more precise definition, differentiation, and treatment of
MPLC-related challenges, subsequently guiding clinical practice.
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