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A comprehensive algorithm to distinguish between MPLC and IPM
in multiple lung tumors patients
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Background: Diagnosis of multiple lung nodules has become convenient and frequent due to the
improvement of computed tomography (CT) scans. However, to distinguish intrapulmonary metastasis (IPM)
from multiple primary lung cancer (MPLC) remains challenging. Herein, for the accurate optimization
of therapeutic options, we propose a comprehensive algorithm for multiple lung carcinomas based on a
multidisciplinary approach, and investigate the prognosis of patients who underwent surgical resection.
Methods: Patients with multiple lung carcinomas who were treated at West China Hospital of Sichuan
University from April, 2009 to December, 2017, were retrospectively identified. A comprehensive algorithm
combining histologic assessment, molecular analysis, and imaging information was used to classify nodules as
IPM or MPLC. The Kaplan-Meier method was used to estimate survival rates, and the relevant factors were
evaluated using the log-rank test or Cox proportional hazards model.

Results: The study included 576 patients with 1,295 lung tumors in total. Significant differences were
observed between the clinical features of 171 patients with IPM and 405 patients with MPLC. The final
classification consistency was 0.65 and 0.72 compared with the criteria of Martini and Melamed (MM) and
the American College of Chest Physicians (ACCP), respectively. Patients with independent primary tumors
had better overall survival (OS) than patients with intra-pulmonary metastasis (HR =3.99, 95% CI: 2.86-5.57;
P<0.001). Nodal involvement and radiotherapy were independent prognostic factors.

Conclusions: The comprehensive algorithm was a relevant tool for classifying multifocal lung tumors as
MPLC or IPM, and could help doctors with precise decision-making in routine clinical practice. Patients with

multiple lesions without lymph node metastasis or without radiotherapy tended to have a better prognosis.
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Introduction identification of multiple lung nodules has emerged as an
increasingly common clinical problem (3-5). One previous
study suggested that more than 15% of lung cancer patients
significantly reduced through screening with low-dose had multiple lesions (6). Relative to the general population,

helical computed tomography (CT) (1,2). However, the patients with lung cancer had a 3.5-fold increased risk of

In recent years, the mortality of lung cancer has been
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all second cancer (7). To better individualize treatment, it
is crucial for clinicians to be able to differentiate between
intrapulmonary metastasis (IPM) and multiple primary
lung cancer (MPLC). In the latest TNM classification
system, lung cancer is classified as: T3 if more than one
nodule is found in one lobe, T4 if a different ipsilateral
lobe is involved, and M1a if the contralateral side is affected
(8,9). However, this criteria defaulted to patients with
multiple nodules as IPM. Neglecting cases of MPLC and
confusing two types of multifocal lung cancer patients,
this classification might lead to clinical errors. Moreover,
patients with independent primary tumors tend to have
a better prognosis than those with IPM (10-12). A meta-
analysis indicated that the overall survival (OS) of patients
with MPLC was superior to that of patients with IPM (HR
=2.66,95% CI: 1.30-5.44; P=0.007) (12).

Unfortunately, despite the issue being widely discussed,
no golden standard for distinguishing multiple primary
tumors from metastatic lung carcinomas exists. As early
as 1975, Martini and Melamed (MM) proposed criteria to
distinguish separate primary lesions from metastasis, and
this has been broadly accepted (13). Their criteria were
empirically derived and considered the major histologic
type, interval time for metachronous tumors, and tumor
location, and the clinical application of MM criteria still
needed further scientific discussions and updates. Then
criteria introduced by the American College of Chest
Physicians (ACCP) combined the comprehensive histologic
assessment of the MM criteria with the evaluation of
morphology, immunohistochemistry, and molecular
features (14-16). Girard et al. further proposed the
comprehensive histologic assessment (CHA) that appeared
to be a promising way to determine whether multiple lung
carcinomas were metastatic or multiple primaries (17).
CHA included a semi-quantitative grading system assessing
growth patterns and cytologic features for the first time.
After that, the International Association for the Study
of Lung Cancer Staging (IASLC) developed clinical and
pathological recommendations for identifying solely
second primary lung cancers (10). Nevertheless, there was
no accurate method to identify which lesions have arisen
from one another. The actual process of metastasis was too
complex to found biomarkers, which was influenced not
only by the intrinsic and epigenetic determinants of tumor
cells, but also by a series of complex tumor host interactions
between the primary and the metastatic sites (18,19).

Recently, a growing number of studies have validated
genomic testing can be used to confirm the consistency
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of the tumor lineage (20-23). Genomic profiling of single
genes or a subset of genes and DNA rearrangement
profiles had been shown to be efficient (22,24-26). Then
the implementation of next-generation sequencing (NGS)
further enhance the accuracy of molecular testing (27-29).
However, these detection technologies carry the
disadvantages of having limited sensitivity and high costs
of clinical implementation. Another potential technique is
radiology, because CT has become more widely used. Suh
et al. suggested IPM should be considered if both of two
suspected malignant lesions appear as solid predominant
lesions without spiculation or air-bronchogram on
CT (30). Moreover, none of method has clear guidelines
for rare histological subtyping of lung cancer or more
than two nodules, which may result in defects in clinical
practice. Here, we report a comprehensive proposal for
distinguishing IPM from MPLC in lung cancer, and
retrospectively investigate the prognosis after surgical
treatment in 576 patients with multiple lung tumors. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-5505).

Methods
Patients and tumor selection

All patients who had undergone resection of lung carcinoma
at West China Hospital of Sichuan University in Chengdu,
China, between April, 2009, and December, 2017, were
retrospectively reviewed. A total of 576 individuals with
pathologically confirmed multiple lung carcinomas who
had sufficient data available including clinical, histological,
molecular characteristics and imaging analysis were
enrolled. The following information was also collected
for each patient: age (at the time of surgery), sex, smoking
history, number of lesions, tumor location, tumor histology,
adjuvant therapy, node invasion, pleural invasion, and
epidermal growth factor receptor (EGFR) and programmed
death-ligand 1 (PD-L1) mutation status. Patients with an
interval of less than 6 months between tumors were defined
as synchronous, while the remainders were defined as
metachronous. All of the patients were followed up until
July 8, 2019 to obtain OS. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013), and the ethics committee of West China Hospital
has approved this study (Project No. 2019-195). Because of
the retrospective nature of the research, the requirement for
informed consent was waived.

Ann Transl Med 2020;8(18):1137 | http://dx.doi.org/10.21037/atm-20-5505


http://dx.doi.org/10.21037/atm-20-5505
http://dx.doi.org/10.21037/atm-20-5505

Annals of Translational Medicine, Vol 8, No 18 September 2020

Histologic assessment

The researchers extracted the histologic information
from the patients’ pathological records. All tumor slides
had been reviewed by experienced pathologists. The
2015 WHO classification reclassified lung cancer into
adenocarcinoma, squamous cell carcinoma, small cell
carcinoma, large cell carcinoma and other malignant
types (31). According to CHA, the predominant
histologic pattern was defined according to the histologic
component with the greatest percentage (17). In our study,
adenocarcinoma subtypes were atypical adenocarcinoma
hyperplasia (AAH), adenocarcinoma in situ (AIS),
minimally invasive adenocarcinoma (MIA), and invasive
adenocarcinoma (IA). IA was further subdivided into lepidic,
acinar, papillary, micropapillary, and solid adenocarcinoma.
The overall method of detailed histological evaluation also
covered cytological and stromal characteristics, including
the cell morphology, degree of keratosis, stroma, and
necrosis of squamous cell carcinoma. Meanwhile, the status
of mediastinal lymph nodes dissected, including N2 and N3
nodes, was also recorded.

Molecular analysis

Mutational and genomic profiling techniques were
performed to assess the clonal relationships between
multiple tumors from individual patients, covering 9 genes
[EGFR, ALK receptor tyrosine kinase gene (ALK), erb-b2
receptor tyrosine kinase 2 gene (ERBB2), v-raf murine
sarcoma viral oncogene homologue B1 (BRAF), MNNG
HOS transforming gene (MET), c-ros oncogene 1 receptor
tyrosine kinase (ROS1), rearranged during transfection
proto-oncogene (RET), kirsten rat sarcoma viral oncogene
homolog (KRAS), and tumor protein p53 gene (TP53)].
More than 50 hotspot mutations were diagnosed in tumor
pairs.

Imaging analysis

The preoperative CT images were reviewed and nodule
information was extracted from the imaging reports.
Lesions were classified into four types: pure ground-glass
nodule (GGN), ground-glass opacity (GGO)-predominant
part-solid nodule (PSN), solid-predominant PSN, and pure
solid nodule (32). In addition, the malignant features of
the nodules were evaluated for spiculation and lobulation.
Simultaneously, systemic metastasis was confirmed by
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PACS (picture archiving and communication system)
reports. Extrapulmonary metastases, such as brain or bone
metastases, were considered to be distant metastases.

Algorithm for multiple lung tumors

The algorithm, which was based on multidisciplinary
criteria (Figure 1), classified multiple nodules as IPM or
MPLC. First, metachronous nodules were defined as
MPLC:s if the time period between nodules was above
the threshold of 5 years. Second, each nodule was fully
evaluated by histology. Tumors of different histological
types or with tumors iz situ were considered to be MPLC.
If all tumors were unusual histologic types, such as
neuroendocrine carcinoma, the patient was classified as
IPM. Adenocarcinomas with different or rare predominant
architectural patterns were also defined as metastasis in the
lung. Lymph node metastases and distant metastases also
indicated IPM. Thirdly, the molecular results determined
whether tumors pairs were IPM or MPLC. Tumors which
shared at least two gene mutations or one rare mutation
in common were classified as IPM. Finally, the lesion
features on preoperative imaging was used to obtain the
final classification. When a nodule was pure GGN/GGO-
dominant or harbored spiculation/lobulation, it was defined
as MPLC. Furthermore, patients who had three or more
lung cancer nodules with any two nodules presenting a
metastatic relationship were considered to be IPM.

Previous criteria

According to the MM criteria, IPM was classified when:
tumor pairs, with synchronous tumors of a similar
histological subtype which were located in same segment
and/or without adenocarcinoma in situ, or with presence
of carcinoma in the shared lymphatics of the two paired
tumors (Table ST) (13). Metachronous tumors were defined
as MPLCs when the tumor interval was >2 years. In cases
where the time interval between tumors was <2 years, if
the two tumors were located in the same lobe, or nodal
involvement or systemic metastasis, these tumor pairs would
be defined as IPMs.

According to the ACCP criteria, tumors with the same
histological subtypes were seen as MPLCs if they were
located in different lobes with no nodal involvement or
systemic metastases, and the time period between tumors
in a pair were less than 4 years; as IPM with the presence of
lymphatic or systemic metastases and/or a short interval of
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Figure 1 The comprehensive algorithm for patients with multiple lung tumors. Tumor 7z situ are defined as atypical carcinoma hyperplasia,

and lung cancer in situ. Unusual histologic types are defined as other types of lung cancer apart from adenocarcinoma and squamous cell

carcinoma. The rare predominant pattern of adenocarcinoma is defined as midpapillary. The rare mutation is defined as TP53. MPLC,

multiple primary lung cancer; IPM, intrapulmonary metastasis; GGN, pure ground-glass nodule; GGO, ground-glass opacity.
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less than 2 years. In addition, tumors of different histological
subtypes, tumors with the same histological subtype but
exhibiting different molecular genetic characteristics
and carcinomas iz situ were defined as MPLAs as well
(Tuble SI) (14-16).

Statistical analyses

The clinical, histological, and molecular characteristics,
and imaging features of the patients were collected from
the Hospital Information System. To compare the clinical
characteristics of patients with IPM and MPLC, continuous
and categorical variables were analyzed by Student’s 7-test
and chi-square test, respectively. The consistency of different
classification methods was assessed using Cohen « score (33).
OS was measured from the first surgical resection to death
or the last follow-up. The OS rate was estimated using the
Kaplan-Meier method. The log-rank test and Cox hazards
regression analysis were performed to identify the effect of
factors on survival in univariate analysis. The Cox model
was used in multivariate analysis for variables that were
significantly associated with OS. Analyses were performed
with IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp. A P value of <0.05 was considered
to be statistically significant.

Results
Patients and histological characteristics

The 576 patients with multiple lung cancers included in
this study were predominantly male (301 of 576, 52%) and
non-smokers (340 of 576, 59%) (1able 1). Of the patients,
330 had synchronous tumors, while 246 patients had
metachronous tumors with multiple tumors more than
6 months after resection. Over half of the patients were
found to have malignant tumors located in different
ipsilateral lobes (325 of 576, 56%), followed by contralateral
lesions (196 of 576, 34%).

Of 1,295 tumors, the predominant carcinoma type
was adenocarcinoma (1,041 of 1,295, 80%), among
which, acinar (228 of 1,041, 22%), lepidic, and papillary
adenocarcinoma were the three most frequent architectural
patterns. In all cases of lung nodules, 44% of all patients
had undergone lobectomy (575 of 1,295, 44%), and wedge
resection was also common (336 of 1,295, 26%). Overall,
the tumors were more likely to occur on the right side (791
of 1,295, 61%), and most were <3 cm in size when detected
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or resected (927 of 1,295, 72%).

Patients with IPM or MPLC

The comprehensive criteria identified 171 patients with
IPM and 405 cases of MPLC. Compared with the MM
classification, we found discordance for 84 patients (k=0.65)
(Figure 2). Among the patients, 42 had MPLC according
to the MM criteria but were classified as IPM according
to our final classification based on a time to relapse of
>2 years (n=37) and the presence of more than two nodules
(n=5). Meanwhile, 42 patients had IPM according to MM
criteria but were reclassified as MPLC according to our
final classification based on nodules being located in the
same lobe or segment (n=36) and different predominant
patterns of adenocarcinoma (n=6). At the same time, the «
consistency between our method and the ACCP criteria was
0.72 with 73 different patients (Figure 2). Of the patients,
15 had MPLC according to the ACCP criteria but were
reclassified as IPM according to the final classification
based on them having a rare histological type (n=3), more
than two nodules (n=3), and a time to relapse of >2 years
(n=9). Meanwhile, 58 patients had IPM according to ACCP
criteria but were reclassified as MPLC according to the final
classification based on nodules being located in the same
lobe or segment (n=47) and a time to relapse of <2 years
(n=11).

In our final classification, more than half of the men (106
of 171) were placed in the IPM group, with less than half
of the men (195 of 405) being placed in the MPLC group
(Table 2). The median age at first resection of the IPM
group was 57.69 years old, and that of the MPLC group was
59.56 years old. The proportion of smokers in the two groups
was 48% (82 of 171) and 64% (258 of 405), respectively.
There were significant differences between patients with
IPM and MPLC in terms of gender (P<0.001), age at first
resection (P=0.028), and smoking history (P<0.001). There
were also statistically significant differences between the
groups in relation to tumor chronology (P=0.010), tumor
side (P=0.016), nodal involvement (P<0.001), pleural invasion
(P=0.001), chemotherapy (P<0.001), radiotherapy (P<0.001),
and PD-L1 mutational status (P=0.001).

Follow-up and survival

In the univariate analysis, OS for all 576 patients who
harbored multiple lung tumors was associated with gender
(P<0.001), smoking history (P<0.001), nodal involvement
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Table 1 The clinical and histological characteristics of 576 patients

with multiple lung tumors

Variables Value Proportion
Patient characteristics 576
Gender
Male 301 52%
Female 275 48%
Mean age at first resection, years 59.01+9.32
(mean + SD)
Smoking history
Never 340 59%
Current or former 235 41%
Unknown 1 <1%
Patients with different tumor chronology
Synchronous 330 57%
Metachronous 246 43%
Distribution of tumors
Ipsilateral (same lobe) 55 10%
Ipsilateral (other lobe) 325 56%
Contralateral 196 34%
Tumor characteristics 1,295
Carcinoma type
Adenocarcinoma 1,041 80%
Squamous carcinoma 209 16%
Adenosquamous carcinoma 17 1%
Small cell carcinoma 16 1%
Others 12 <1%
Predominant pattern of 1,041
adenocarcinoma
AAH 36 3%
AIS 64 6%
MIA 93 9%
Lepidic 194 19%
Acinar 228 22%
Papillary 98 9%
Micropapillary 10 1%
Solid 43 4%
Other 275 26%

Table 1 (continued)
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Table 1 (continued)

Variables Value Proportion

Type of resection

Lobectomy 575 44%
Segmentectomy 256 20%
Wedge resection 336 26%
Nonanatomic resection 121 9%
Other 7 <1%
Side
Right 791 61%
Left 496 38%
Other 8 1%

Tumor size, cm

<3 927 72%
3-5 188 15%
5-7 48 4%
>7 28 2%
Unknown 88 7%

AAH, atypical adenocarcinoma hyperplasia; AlS, adenocarcinoma
in situ; MIA, minimally invasive adenocarcinoma.

k=0.65
MPLC 363 42 405

P<0.001
IPM 42 129 171
Total 405 171 576

k=0.72

MPLC 347 15 362

P<0.001
IPM 58 156 214
Total 405 171 576

Figure 2 A comparison of the final classification with MM and
ACCP classification. MM, Martini and Melamed; ACCP, American
College of Chest Physicians; MPLC, multiple primary lung cancer;

IPM, intrapulmonary metastasis.
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Table 2 The clinical, histological, and molecular characteristics of
the IPM and MPLC patients

Variables (nI=P1,\¢ 1) (r'\]/lila(é) P value
Gender <0.001
Male 106 195
Female 65 210

Mean age at first resection, 57.69+9.27 59.56+9.31 0.028
years (mean = SD)

Smoking history <0.001
Never 82 258
Current or former 89 146
Unknown 0 1
Number of lesions 0.657
2 142 330
>3 29 73
Tumor chronology 0.010
Synchronous 84 246
Metachronous 87 159
Side 0.016
Ipsilateral (same lobe) 14 41
Ipsilateral (other lobe) 112 213
Contralateral 45 151
Nodal involvement <0.001
NO or Nx (both tumors) 24 369
N-positive (=1 tumor) 145 27
Unknown 2 9
Pleural invasion 0.001
No (both tumor) 69 235
Yes (=1 tumor) 96 161
Unknown 6 9
Chemotherapy <0.001
Yes 115 126
No 56 279
Radiotherapy <0.001
Yes 32 25
No 139 380

Table 2 (continued)
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Table 2 (continued)
Variables (nlsz 1) (rl:ﬂzlzla(;) P value
EGFR status 0.152

Wild-type 58 109

Mutated 44 131

Unknown 69 165
PD-LA1 0.001

Positive 65 76

Negative 21 87

Unknown 85 242

IPM, intrapulmonary metastasis; MPLC, multiple primary
lung cancer; EGFR, epidermal growth factor receptor; PD-L1,
programmed death-ligand 1.

(P<0.001), pleural invasion (P=0.002), chemotherapy
(P=0.006), radiotherapy (P<0.001), and the mutational
status of EGFR (P<0.001) and PD-L1 (P<0.001) (Tuble 3).
In the multivariate analysis, nodal involvement (P=0.04) and
radiotherapy (P=0.04) were independent prognostic factors
of OS.

Notably, no matter which method was used to classify
multifocal lung cancer, patients with independent primary
tumors had a significantly better prognosis than patients
with IPM (Table 3, Figure 3) (MM classification: HR =3.28,
95% CI: 2.35-4.58; P<0.001; ACCP classification: HR
=4.02, 95% CI: 2.85-5.67; P<0.001; final classification:
HR =3.99, 95% CI: 2.86-5.57; P<0.001). In patients with
MPLC, the multivariate analysis showed that never smoking
(P=0.004) was associated with survival (7zble S2). In patients
with IPM, most of the variables had no correlation with
survival except tumor number (Table S3).

Discussion

With the diffusion of high-resolution CT screening, the
detection rate of lung nodules has improved. However,
the correct diagnosis of patients with multinodular lung
cancer has become a concern (34,35). In this study, we
have presented a comprehensive algorithm for multiple
lung carcinomas which combines histologic, molecular,
and imaging information. The algorithm divided the
types of lung cancer in detail and made recommendations
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Table 3 Univariate and multivariate analyses of overall survival

Univariate analysis

Multivariate analyses

Variable
Overall survival (95% Cl) P value HR (95% ClI) P value HR (95% ClI)
Gender <0.001 0.49(0.34-0.7) 0.28
Male 32% (19-45%)
Female 64% (52-77%)
Age 0.33 1.18 (0.85-1.64)
<60 years 48% (34-61%)
>60 years 37% (19-55%)
Smoking history <0.001 2.38 (1.7-3.35) 0.19
No 58% (46-71%)
Yes 28% (13-43%)
Number of lesions 0.15 1.35 (0.9-2.02)
2 34% (20-47%)
>3 78% (66-90%)
Tumor chronology 0.53 0.9 (0.64-1.26)
Synchronous 53% (39-66%)
Metachronous 43% (31-55%)
Location 0.28 0.73 (0.41-1.29)
Same lobe 37% (—15-89%)
Different lobes 43% (32-55%)
Nodal involvement <0.001 4.29 (3.05-6.05) 0.04 2.17 (1.05-4.47)
NO or Nx (both tumors) 60% (46-74%)
N-positive (=1 tumor) 20% (9-32%)
Pleural invasion 0.002 1.71 (1.21-2.4) 0.56
No (both tumors) 49% (28-70%)
Yes (=1 tumor) 40% (28-51%)
Chemotherapy 0.006 1.6 (1.14-2.24) 0.86
No 64% (54-75%)
Yes 31% (18-45%)
Radiotherapy <0.001 2.25(1.52-3.33) 0.04 2.4 (1.05-5.49)
No 50% (36-63%)
Yes 19% (5-33%)
EGFR status <0.001 0.45 (0.28-0.7) 0.22

Wild-type
Mutated

19% (~8-46%)
57% (39-75%)

Table 3 (continued)
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Table 3 (continued)
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Univariate analysis

Multivariate analyses

Variable
Overall survival (95% ClI) P value HR (95% ClI) P value HR (95% CI)
PD-L1 <0.001 5.59 (2.4-12.98) 0.009 3.32 (1.35-8.13)
Negative 56% (10-103%)
Positive 13% (-6-31%)
MM classification <0.001 3.28 (2.35-4.58)
MPLC 48% (34-61%)
IPM 31% (16-46%)
ACCP classification <0.001 4.02 (2.85-5.67)
MPLC 54% (38-69%)
IPM 25% (13-37%)
Final classification <0.001 3.99 (2.86-5.57)

MPLC
IPM

55% (39-719%)
21% (10-31%)

EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1; MPLC, multiple primary lung cancer; IPM, intrapulmonary

metastasis; ACCP, American College of Chest Physicians.
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Figure 3 The survival curves of the IPM and MPLC patients after
the final classification. MPLC, multiple primary lung cancer; IPM,

intrapulmonary metastasis.

for more than two tumors. To explore the predictors of
survival outcomes in patients with multiple lung tumors
after surgical treatment, we performed an analysis of
clinical characteristics and OS to compare IPM and MPLC.
Notably, our results showed that the clinical characteristics
of patients with IPM were clearly different from those with
MPLC. Also, the OS of the IPM group was significantly
higher than that of the MPLC group. Survival analysis
underlined the survival benefit of being node-negative and

© Annals of Translational Medicine. All rights reserved.

not receiving radiotherapy in patients with multiple lung
cancers.

Although the TNM staging system is based on the best
available current evidence, there is conflict between cTNM
(clinical TNM) and pTNM (pathological TNM) in patients
with multiple lesions. According to the eighth TNM
classification system, whenever two or more lung nodules
are present, they are classified as T3, T4, or M1 depending
on the location of the tumors (36). These multinodular
patients, who are upgraded to stage III or stage IV, are
usually treated with chemotherapy or radiation, and have
a poor prognosis. However, our study confirmed that the
IPM and MPLC groups not only had completely different
clinical characteristics, but also held significantly different
survival rates. Patients with intra-pulmonary metastasis
had significantly worse OS than patients with primary lung
tumors (HR =3.99, 95% CI: 2.86-5.57; P<0.001). The
S-year survival rate in the patients with MPLC was 81.8%,
whereas the survival rate in patients with IPM was 40.2% (11).
IPM represents the advanced stage of lung cancer. This is
the biggest difference between IPM and MPLC, and the
reason why doctors need to distinguish between the two for
precise treatment. These results are consistent with those of
previous studies (Table S4) (5,11,26,37,38).

Recently, IASLC proposed the Criteria to Distinguish
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Synchronous Second Primary Lung and Related Pulmonary
Tumor, taking imaging, biopsy, and clinical features into
account (10). However, the process of tumor metastasis has
remained ambiguous (39,40). Tazble 4 summarized several
main criteria and latest methods for multiple lung cancer.
Here, we presented a clinical classification method for
defining multiple lung carcinomas, which is an improvement
on the existing methods and technology. Compared with
previous criteria, our comprehensive algorithm combined
multidisciplinary criteria including histologic assessment,
molecular analysis and imaging analysis. The distinguishing
process was verified in the large population, based on the
latest evidence of evidence-based medicine. In addition, we
considered the rare subtypes of lung cancer and patients
with more than two pulmonary nodules for the first time.
In general, our algorithm was more scientific and more
suitable for clinical work.

Previous studies have confirmed that metachronous
cancers may be IPM even if relapse occurs after 2 years,
but no IPM occurs later than five years (10). For this
reason, a threshold of five years was chosen in our research
for defining metachronous nodules as MPLC, rather
than the two-year threshold used by the previous criteria.
Histological assessment has always been an important part
of defining multiple lesions. The subtypes of cancers that
do not occur very often are considered ‘rare’; these included
adenosquamous carcinoma and carcinoids (41). Meanwhile,
lung cancers other than adenocarcinoma and squamous

Table 4 Main criteria and latest methods for multiple lung cancer

Shao et al. A comprehensive algorithm of multiple lung tumors

cell carcinoma with a low incidence were defined as
“unusual”. For adenocarcinoma, morphological assessment
of architectural patterns was mostly effective when the
predominant patterns were rare midpapillary. Molecular
analysis has emerged as a rising technology in recent years.
With the help of powerful biological analysis tools, we
have developed an understanding of the mechanism of
various genes involved in tumorigenesis. We chose these
9 genes that were associated with evolution of lung cancer
(25,42,43). Herein the common drivers of tumor were
considered as markers of the similar origin, and vice versa.
For example, the mutational status of the TP53 gene was
discordant in multiple lung cancer patients, suggesting a
different clonal origin despite the fact that most of them
had almost identical histologic features (44). What’s more
important, eight genes except TP53 were recommended by
National Comprehensive Cancer Network (NCCN), which
played an important role in the subsequent selection of
targeted drugs (45). Furthermore, imaging is able to reveal
the characteristics of preoperative nodules. It has been
confirmed that the higher the number of nodular ground-
glass components, the higher the number of malignant
features, and the more likely the nodules are to be primary
nodules (30).

In this study, we included a large number of multiple
lung cancer patients who had undergone resections. Non-
smokers accounted for the majority of patients. Previous
research has suggested that lung cancer in individuals have

Proposer, year Criteria/methods

Characteristics

Martini and
Melamed, 1975

IPM: synchronous tumors with similar histological subtypes in the same
segment and/or without adenocarcinoma in situ, or with presence of
(MM criteria) (13) carcinoma in the shared lymphatics of the two paired tumors; in cases

* This criteria were the earliest proposed
standard with the widest range of
applications;

where the time interval between tumors was <2 years, the two tumors were ¢ This criteria were empirically derived

located in the same lobe, or the tumor was located in lymphatics common

to both or systemic metastasis;

MPLC: metachronous tumors when the tumor interval was >2 years

Detterbeck FC,
20083; a short interval of less than 2 years;
Shen KR, 2007;

IPM: tumors with the presence of lymphatic or systemic metastases and/or

MPLC: tumors with the same histological subtypes if they were located
Kozower BD, 2013 in different lobes with no nodal involvement or systemic metastases, and

based on outdated concepts and
considered the major histologic type,
interval time for metachronous tumors,
and tumor location

* This criteria were based on the
evaluation of morphology,
immunohistochemistry, and molecular
features

(ACCP criteria) the time period between tumors in a pair were less than 4 years; tumors of
(14-16) different histological subtypes, tumors with same histological subtype but

exhibiting different molecular genetic characteristics and carcinomas in situ
Table 4 (continued)
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Proposer, year Criteria/methods

Characteristics

Nicolas Girard, The overall method of comprehensive histologic assessment included

2009 evaluation of percentages of histologic subtypes, histologic features,

(CHA) (17) stromal characteristics, lymphoid hyperplasia and/or necrosis. For
squamous cell carcinoma, detailed histologic assessment included the
cytologic morphology, amount of keratinization, appearance of the stroma,
necrosis, as well the presence of histologic components. Paired tumors
exhibiting similar histological features were considered as IPM, and those
showing different histologic features as MPLC

Frank C. IPM: matching appearance on comprehensive histologic assessment; the

Detterbeck, 2016 same biomarker pattern; significant nodal or systemic metastases;

(IASLC criteria) MPLC: they are clearly of a different histologic type; they are clearly different

(10) by a comprehensive histologic assessment; they are squamous carcinomas
that have arisen from carcinoma in situ; tumors may be considered to be
arising from a single tumor source if exactly matching breakpoints are
identified by comparative genomic hybridization; different pattern of bio-
markers; absence of nodal or systemic metastases

Jason C. Chang, This method analyzed by 341-468 gene MSK-IMPACT NGS assay. Tumor

2019 (29) pairs exhibiting entirely non-overlapping, unique mutations were classified
as clonally unrelated (MPLC). By contrast, tumors sharing multiple (>2)
mutations were regarded as clonally related (IPM)

Stephen J. Mate-pair sequencing was performed on DNA extracted from multiple lung

Murphy, 2019 (23) cancers. Discordant mapping junctions and chromosomal copy levels were
assessed for each tumor. Calls of “related” or “independent” lineage were
determined based on the numbers of shared and unique somatic junctions

per tumor
Audrey First, tumors were classified as MPLC, when one nodule presented as either
Mansuet-Lupo, an in situ adenocarcinoma or a minimally invasive adenocarcinoma. They
2019 (26) chose a threshold of 5 years to consider metachronous nodules as

MPLAs. Second, tumor pairs were classified as MPLAs or as IPM according
to molecular results, except for tumor pairs that harbored the same frequent
mutation in the genes KRAS (p.G12X) or EGFR (del19 or p.L858R), which
were classified according to the histological classification

Young Joo Suh, A novel algorithm was established with four sequential decision steps. At

2020 (30) step 1, the presence of at least one lesion showing a lesion type of pure
GGN or GGO-predominant PSN within the pair could suggest MPLC. For
step 2, a combination of qualitative imaging findings including spiculation
and air-bronchogram was used. For step 3, if the two lesions within each
pair had more than or equal to two grades of differences of SUV,,,,, the pair
was considered as MPLC. For step 4, if the patient had N2/3 lymph node
metastasis or distant metastasis was considered IPM

» This method turned the histologic
heterogeneity of lung carcinoma into a
powerful tool to accurately classify multi-
ple lung cancers

« All available information be considered
in this criteria, including imaging, biopsy,
and clinical features;

» Several features were suggestive but
associated with potential
misclassification including biomarkers
and nodal involvement

« Clonality assessment by large panel
NGS represents a significant advance
over less comprehensive gene panels;

¢ The main limitations of large panel NGS
platforms include availability, cost, and
turnaround time

* Calling lineage through shared
junctions improved the sensitivity of the
test;

» Turnaround times and costs remain
common challenges for the NGS-based
testing

« It is based on histological diagnosis
according to the WHO 2015
classification and molecular profiling
using next-generation sequencing
targeting 22 hotspot genes

* It is based on imaging characters (lesion
types, lesion morphology, and difference
of SUV,,,) and clinical information (lymph
node metastasis and distant metastasis)

KRAS, kirsten rat sarcoma viral oncogene homolog; EGFR, epidermal growth factor receptor; GGN, ground-glass nodule; GGO,

ground-glass opacity; SUV, standardized uptake value
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never smoked is the seventh leading cause of cancer-related
mortality (46). Several factors contributing to the increased
risk of lung cancer in non-smokers included secondhand
smoking, occupational exposure, indoor air pollution,
and genetic susceptibility. In a study of such non-smoking
patients, adenocarcinoma was the mainly pathological type,
followed by squamous cell carcinoma, which is the same as
previous studies (47).

Nodal involvement and radiotherapy were both risk
factors for survival in multiple lung cancer. Lymph node
involvement represents metastasis of tumors and affects
patient staging and treatment options (48,49). Radiation
therapy destroys lung cancer cells by using high-energy
beams called X-rays to damage their DNA. However, this
treatment may damage patients’ lungs, causing a cough,
breathing problems, and shortness of breath. The side
effects of long-term application of radiotherapy have
been clearly demonstrated to reduce patients’ quality of
life (50,51). In the MPLC patients, smoking history was
significantly associated with a poor prognosis. Tobacco
smoking is the major cause of all major histological types
of lung cancer (52,53). Numerous studies have confirmed
that tobacco is a risk factor for lung cancer, with the relative
risk for smokers being 1.8 times higher than that for non-
smokers (RR =1.8, 95% CI: 1.4-2.2) (54). In the IPM
patients, the prognosis of patients with two nodules was
worse than that of patients with three or more nodules,
which is probably due to timely treatment after nodule
detection. Otherwise, this may be an inaccurate result
caused by the uneven inclusion of patients in each group.

In this large-scale study of 576 patients with multiple
lung cancers, we proposed a comprehensive algorithm
for differentiating patients with multiple lung tumors and
validated the poor survival rate of IPM. However, this
study also had some limitations. First, it was a retrospective
analysis with inherent selection bias: only operated patients
were considered because detailed pathological information
could only be observed after surgical removal of the lesion.
According to our literature review, the number of eligible
patients with multiple lung tumors ranged from 20 to 357.
Our sample size is relatively large including 576 patients
with 1,295 tumors in the current study. Also, prospective
validation is still required to implement this classification on
a large scale of multicenter. In the future, it may be possible
to achieve the non-invasive judgment of preoperative nodules
by using artificial intelligence, and there have been some
reports that CT imaging analysis can predict the degree
of histologic tissue invasion or subcentimeter pulmonary

© Annals of Translational Medicine. All rights reserved.
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adenocarcinomas (55,56). Another limitation was that the
actual process of metastasis was too complex to be judged
based on several indicators. Traditionally, it was believed
that there was a physical channel for malignant cell transfer
from one site to another; it was for this reason that nodal and
systemic metastasis were used as important criteria for IPM
in this study. However, this speculative hypothesis has been
called into question in recent years. Scientific evidence has
demonstrated that the spread of tumors does not depend on
physical metastases but on other determinants (18,19). All
factors need larger prospective studies from multiple centers
to verify their causality and underlying mechanisms.

In conclusion, our results indicated that the comprehensive
algorithm was a relevant tool for classifying multifocal lung
cancers, which could guide treatment decisions. Patients with
IPM clearly differed from patients with MPLC in terms of
clinical features and survival status. No nodal involvement
and not receiving radiotherapy were associated with superior
OS in patients with multiple lung tumors.
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Supplementary

Table S1 Commonly cited criteria to distinguish separate primary lung cancer from metastasis

Martini and Melamed criteria

XXX

Synchronous tumors
Similar histologic type
Same segment
Different segment
Origin from carcinoma in situ, and no carcinoma in lymphatics common to both, and no systemic metastasis
No carcinoma in situ, or carcinoma in lymphatics common to both, or systemic metastasis
Different histologic type
Metachronous tumors
Foci of carcinoma in situ
Time interval =22 y
Time interval <2 y
Similar histologic type
Same lobe
Different lobe
No carcinoma in lymphatics common to both, and no systemic metastasis
Carcinoma in lymphatics common to both, or systemic metastasis
Different histologic type
ACCP criteria
Same histology, anatomically separated
Cancers in different lobes
And no N2,3 involvement
And no systemic metastasis
Same histology, temporally separated
>4-year interval between cancers
No systemic metastases from either cancer
Different histology
Different histologic type
Different molecular genetic characteristics
Arising separately from foci of carcinoma in situ
Same histology and multiple systemic metastases
Same histology, in different lobes
And presence of N2,3 involvement

Or <2-year interval

IPM

MPLC

IPM

MPLC

MPLC

MPLC

IPM

MPLC

IPM

MPLC

MPLC

IPM




Table S2 Univariate and multivariate analyses of overall survival in 405 patients with MPLC

Univariate analysis

Multivariate analyses

Variable
Overall survival (95% CI) P value HR (95% ClI) P value HR (95% Cl)
Gender <0.001 0.31 (0.17-0.57) 0.376
Male 42% (22-86%)
Female 81% (66-211%)
Age 0.09 1.56 (0.94-2.61)
<60 years 64% (42-146%)
>60 years 46% (24-93%)
Smoking history <0.001 5.37 (2.95-9.78) 0.004 8.61 (1.95-37.94)
No 80% (65-206%)
Yes 30% (8-46%)
Number of lesions 0.02 0.3(0.11-0.82) 0.79
2 48% (29-105%)
>3 89% (77-240%)
Tumor chronology 0.35 0.77 (0.45-1.33)
Synchronous 72% (59-186%)
Metachronous 56% (39-133%)
Location 0.75 0.86 (0.34-2.16)
Same lobe 45% (-17-11%)
Different lobes 56% (40-135%)
Nodal involvement <0.001 3.99 (2.17-7.33) 0.47
NO or Nx (both tumors) 64% (49-161%)
N-positive (=1 tumor) 26% (-1-23%)
Pleural invasion 0.007 2.06 (1.22-3.49) 0.51
No (both tumors) 59% (34-125%)
Yes (=1 tumor) 58% (44-144%)
Chemotherapy 0.33 1.29 (0.77-2.17)
No 75% (65-202%)
Yes 45% (23-89%)
Radiotherapy 0.003 2.63 (1.4-4.94) 0.6
No 65% (47-157%)
Yes 29% (5-40%)
EGFR status <0.001 0.25 (0.12-0.54) 0.06
Wild-type 27% (-12-4%)
Mutated 73% (51-172%)
PD-L1 0.001 10.69 (2.53-45.09) 0.15
Negative 66% (13-92%)
Positive 18% (-9-1%)

MPLC, multiple primary lung cancer; EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1.



Table S3 Univariate and multivariate analyses of overall survival in 171 patients with IPM

Univariate analysis

Variable
Overall survival (95% Cl) P value HR (95% ClI)

Gender 0.50 0.86 (0.55-1.35)
Male 18% (5-31%)
Female 25% (8-43%)

Age 0.61 1.12 (0.73-1.73)
<60 years 20% (6-33%)
>60 years 20% (4-37%)

Smoking history 0.51 1.16 (0.75-1.78)
No 18% (3-33%)
Yes 23% (8-39%)

Number of lesions 0.05 0.51 (0.26-1.00)
2 11% (1-21%)
>3 55% (32-77%)

Tumor chronology 0.31 0.8 (0.51-1.24)
Synchronous 12% (-8-31%)
Metachronous 22% (9-35%)

Location 0.07 0.5 (0.24-1.06)
Same lobe 39% (12-67%)
Different lobes 21% (10-32%)

Nodal involvement 0.47 1.27 (0.66-2.48)
NO or Nx (both tumors) 23% (-3-49%)
N-positive (=1 tumor) 19% (7-31%)

Pleural invasion 0.97 0.99 (0.63-1.55)
No (both tumors) 26% (7-45%)
Yes (=1 tumor) 14% (1-26%)

Chemotherapy 0.63 0.89 (0.56-1.42)
No 29% (12-47%)
Yes 15% (2-28%)

Radiotherapy 0.25 1.35(0.81-2.23)
No 22% (8-36%)
Yes 10% (-3-23%)

EGFR status 0.55 0.84 (0.48-1.48)
Wild-type 20% (0.5-39%)
Mutated 24% (0.2-47%)

PD-L1 0.34 1.68 (0.58-4.92)
Negative 0
Positive 12% (-1-25%)

IPM, intrapulmonary metastasis; EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1.



Table S4 Overall survival of patients with multiple lung cancers in previous studies

No. of patients 5-year overall survival
First author Year ——MMMMmm Definition HR (95% CI)
IPM MPLC IPM MPLC
Kenji Ono 2009 25 45 Protein expression profile 40.2% 81.1% 4.03 (1.71-9.50)
Junuchi Aria 2012 80 39 Genomic alteration profile 47.4% 54.8% 1.38 (0.80-2.38)
Yu-Chao Yu 2013 77 97 Martini and Melamed criteria 23.7% 69.6% 3.70 (2.23-6.14)
Hua Cheng 2016 6 45 Comprehensive histological assessment 28% 71% 4.14 (1.3-13.1)
Audrey Mansuet-Lupo 2019 33 78 Histological and molecular profile 50% 62% 1.3(0.7-2.2)

IPM, intrapulmonary metastasis; MPLC, multiple primary lung cancer.



	1137-ATM-20-5505（含附录）
	1137-ATM-20-5505（含附录） - 附录

