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Abstract

Objective To investigate the radiological classification, gene-mutation status, and surgical prognosis of synchronous multiple

primary lung cancer (sMPLC).

Methods From January 2013 to October 2019, 192 consecutive patients with SMPLC were investigated. The clinical, CT,

molecular, and pathological features of all patients were analyzed. Furthermore, the prognosis of 89 patients who only

underwent surgical resection was evaluated.

Results Among 192 patients, all lesions pathologically confirmed or highly suspected as tumors based on radiological find-

ings were retrospectively analyzed, and the CT findings of SMPLC were classified into three types: (I) all lesions manifested

as solid nodules/masses (14.06%, 27/192), (II) all lesions manifested as subsolid nodules/masses (43.23%, 83/192), and

(IIT) tumor lesions manifested as a combination of > 2 of the following patterns: solid nodules/masses, subsolid nodules/

masses, cystic airspace, and focal consolidation (42.71%, 82/192). For 252 tumors undergoing epidermal growth factor

receptor (EGFR)—mutation testing, the EGFR-mutation rate was higher in subsolid tumors than that in solid tumors (p <

0.05). Among 19 patients with all tumors undergoing surgery and driver-gene testing, genetic heterogeneity was prevalent

among the multiple tumors (63.16%,12/19). The highest clinical stage of non-I, ipsilateral distribution of tumors, and CT

classification of I indicated a poor prognosis for patients with sSMPLC (all p < 0.05).

Conclusion Subsolid lesions are the most common presentation of SMPLC. Genetic heterogeneity in driver mutations among

sMPLC may be present. Prognosis in patients with SMPLC is determined by the highest clinical TNM stage, distribution,

and radiological classification among the multiple tumors.

Key Points

e Synchronous multiple primary lung cancer (sMPLC) has three types of CT findings.

e Genetic heterogeneity may be prevalent among the multiple tumors.

e Prognosis in patients with sMPLC is associated with the highest clinical TNM stage, distribution, and radiological
classification among the multiple tumors.
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Abbreviations mMPLC Metachronous multiple primary lung cancer
ADC Adenocarcinoma MPLC Multiple primary lung cancer
CT Computed tomography PACS Picture archiving and communication system
EGFR Epidermal growth factor receptor PFS Progression-free survival
GGO Ground-glass opacity sMPLC  Synchronous multiple primary lung cancer
1A Invasive adenocarcinoma
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Introduction
>4 QiLi Multiple primary lung cancer (MPLC) is a special type
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(sMPLC) and metachronous multiple primary lung cancer
(mMPLC) [2]. The term sMPLC refers to the synchronous
occurrence of two or more primary lung cancers in the
same patient, with the diagnostic interval between the two
malignant lung tumors being within 6 months. The detec-
tion rate of SMPLC has been increasing owing to the devel-
opment of diagnostic methods and screening procedures
over the past decade [3-7].

Computed tomography (CT) is the generally preferred
method to localize lesions and provide essential diagnostic
information about lung cancer. In clinical practice, tumors
in patients with sMPLC exhibit varied appearances on CT
images, and the diagnoses may be delayed due to the poor
understanding of the imaging findings associated with this
condition. In terms of treatment, some recent reports have
shown that tumors in patients with sMPLC with different
molecular types treated with various methods resulted in
better prognoses [8, 9]. Gene-mutation analysis generally
requires a sample of the tumor tissue. However, sometimes it
is not feasible to acquire adequate tissue samples from all lung
lesions because resection of multicentric lesions has some
limitations in terms of pulmonary reserve. Some investigators
have indicated that CT features of lung cancer in combination
with clinical variables can be used to predict the epidermal
growth factor receptor (EGFR)-mutation status, but these
studies have mainly focused on solitary primary lung cancers
[10, 11]. Regarding prognosis, previous studies have reported
correlations between the clinical characteristics and surgical
prognosis of patients with SMPLC [12-16]. However, only a
few studies have examined the relationship between the imag-
ing findings and prognostic factors of patients with sMPLC
[15, 16], which has not yet been clarified fully.

Therefore, the present study aimed to thoroughly inves-
tigate the radiological classification, gene-mutation status,
and surgical prognosis of SMPLC.

Materials and method
Patients

The medical records of all studied patients were retrospec-
tively reviewed. The study was approved by the institu-
tional review board of our institution and the requirement
of informed consent was waived due to the retrospective
nature of the study. From January 2013 to October 2019,
192 consecutive patients with sSMPLC were investigated.
All patients underwent CT scanning with > 2 lesions con-
firmed pathologically by surgical resection, fiberoptic
bronchoscopy, or percutaneous puncture. Referring to the
concept and diagnostic criteria established by Martini and
Melamed in 1975 and supplemented by the American Col-
lege of Chest Physicians after the twenty-first century [2,

8], the inclusion criteria for sSMPLC were as follows: (1) >
2 tumor lesions confirmed with different histological types;
for example, adenocarcinoma (ADC) and squamous cell
carcinoma. (2) If there were > 2 tumor lesions with the
same histological types, they had to meet the following
conditions: (a) > 2 tumor lesions located in different pul-
monary lobes or segments, bilaterally or unilaterally; (b)
no metastasis to the ipsilateral mediastinum or subcarinal
lymph nodes (no N2), no metastasis to the contralateral
hilar, mediastinum, scalene muscle, or supraclavicular
lymph node (no N3), and no extrapulmonary metastasis
(no M1). The exclusion criteria were as follows: (1) incom-
plete imaging data of the patient, (2) tumors with satellite
nodules, defined as smaller tumors located close to original
cancer in the same segment that usually led to better sur-
vival, were not regarded as SMPLC, (3) the patient had a
history of chemotherapy, radiotherapy, or other antitumor
therapy before CT scanning.

CT image acquisition

Chest CT scanning was performed using a Discovery CT750
HD (GE Healthcare) or Somatom Definition Flash (Siemens
Healthcare) scanner. All patients underwent CT scanning in
the supine position at the end of inspiration during a single
breath-hold. The scanning range included the entire chest
from the first rib to the diaphragm. The scanning parameters
were as follows: tube voltage, 120 kVp; tube current, 100-250
mA; scan slice thickness/interval for axial images, 5 mm/5
mm. All images were saved in the Picture Archiving and
Communication system workstation (Vue PACS, Carestream).

Evaluation of CT features

All images were reconstructed using a section thickness of
0.625-1.25 mm for imaging analysis. Two radiologists with
>10 years of experience in thoracic radiology blinded to
the related clinical data interpreted the axial images on the
PACS workstation together. In case of conflicting judgments,
a consensus was reached by discussion. For each patient,
these lesions that were pathologically confirmed or highly
suspected by radiographic evaluation as lung cancer were
reviewed. The following data were analyzed and recorded:
(1) the number and largest diameter of tumor lesions; (2)
distribution (unilateral/bilateral lung); (3) density (solid:
tumor without ground-glass opacity (GGO), subsolid:
tumor with GGO, including pure GGO and mixed GGO);
(4) shape: round, oval, lobulated, or irregular (with an
uneven contour that could not be classified as round, oval,
or lobulated); and (5) internal characteristics: air broncho-
gram (air-filled bronchus within the tumor) and airspace (air
attenuation within the tumor). After the first interpretation
of CT images, the two radiologists decided the radiological
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classification criterion through discussion. The radiologists
then re-reviewed all CT images and categorized the tumors
according to their morphological characteristics.

Identification of epidermal growth factor receptor
mutation

Tumor DNA specimens were extracted and analyzed by
surgical resection, fiberoptic bronchoscopy, or percutane-
ous puncture before initiation of the therapy. Genetic muta-
tions were detected using commercially available kits from
Amoy Diagnostics. These kits were based on amplification
refractory mutation system real-time polymerase chain reac-
tion technology and were used for the qualitative detection
and identification of mutations or fusions in EGFR, ALK,
BRAF, HER2, KRAS, NRAS, ROS1, PIK3CA, and RET.
Each test was performed according to the manufacturer’s
protocol.

Clinical data and follow-up information

All clinical data were obtained from the electronic medical
record system, including the patient’s sex, age at first diag-
nosis of SMPLC, smoking history, date of surgical resection,
types of surgical excision, highest clinical stage (defined
based on the most extensive tumor in each patient), patho-
logical types, and lymphatic metastasis status. The patient’s
follow-up information was obtained from outpatient and
telephone follow-up. Progression-free survival (PFS) of
patients who only underwent surgical resection was calcu-
lated from the date of surgery to the time of recurrence or
death due to disease progression or to the date of the last
follow-up without progression. The last follow-up date was
January 5, 2021.

Statistical analysis

Univariate analysis was performed to assess the relationship
between CT features and EGFR-mutation status of the tumor
lesions using the chi-squared test. The Kaplan—Meier sur-
vival analysis and log-rank test were performed to compare
the PFSs of patients with different CT and clinical features.
Cox proportional hazards regression analysis was performed
to determine the prognostic factors. A two-tailed p value
of <0.05 was considered to be indicative of statistical sig-
nificance. All statistical analyses were performed by using
the SPSS 25.0 software package (SPSS Statistics 25.0 for
Windows).

@ Springer

Results
Basic patient information

A total of 192 patients diagnosed with sMPLC were
reviewed, including 101 women (52.60%) and 91 men
(47.40%). The average age was 61.85 + 10.31 years (range,
32-89 years). Furthermore, 114 patients (59.38%) were con-
firmed to have sSMPLC by surgical resection, 45 patients
(23.44%) by fiberoptic bronchoscopy, and 33 patients
(17.19%) by puncture biopsy. Of the 114 patients with
sMPLC who underwent surgery, 108 patients were revis-
ited. Among them, 19 patients who received postoperative
adjuvant therapy were excluded, and 89 patients were finally
included in the prognostic factor analysis.

Among the 192 patients, 186 patients (96.88%) had
lesions that presented the same histological type of ADC,
2 (1.04%) had lesions exhibiting the same histological type
of squamous cell carcinoma, and 4 (2.08%) had lesions

Table 1 Basic information of the 192 patients with sMPLC

Clinical features

Age (years) 61.85 +10.31
Sex
Female 101 (52.60%)
Male 91 (47.40%)
Smoking
Yes 68 (35.42%)
No 124 (64.58%)

Diagnostic method

114 (59.38%)
45 (23.44%)
33 (17.19%)

Surgical resection
Fiberoptic bronchoscopy
Puncture biopsy

Highest clinical stage

I 135 (70.31%)

I 34 (17.71%)

I 23 (11.98%)
Highest pathological stage ¢

I 74 (83.15%)

I 7 (7.87%)

I 8 (8.99%)
Pathological classification

Ad + Ad 186 (96.88%)

Sq + Sq 2 (1.04%)

Ad + Sq 3 (1.56%)

Ad + Sc 1 (0.52%)

Ad adenocarcinoma, Sq squamous cell carcinoma, Sc small-cell lung
cancer

“ The highest pathological stage were not assessed in 103 patients
who did not undergo surgical resection
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Fig.1 Computed tomography
classification of SMPLC. Axial
CT images in the lung window
setting of four patients. A
Patient 1: CT classification of L.
A 68-year-old man (a, b), show-
ing a solid nodule with KRAS
mutation in the right upper lobe
and another solid mass with a
wild-type mutation in the left
lower lobe. B Patient 2: CT
classification of II. A 65-year-
old woman (a, b), showing a
subsolid nodule with 19-Del
mutation in the right upper lobe
and another subsolid nodule
with L858R mutation left upper
lobe. C Patient 3: CT clas-
sification of III. A 71-year-old
man (a, b), showing a subsolid
nodule with EGFR mutation in
the right lower lobe and another
solid mass with wild-type
mutation in the left lower lobe.
D Patient 4: CT classification
of III. A 54-year-old man (a, b,
c), showing cystic airspace with
EGFR mutation in the right
upper lobe, a solid nodule with
wild-type mutation in the right
middle lobe, and another focal
consolidation with EGFR muta-
tion in the left upper lobe.

@ Springer



4268

European Radiology (2022) 32:4264-4274

exhibiting different histological types. A total of 135 patients
(70.31%) had the highest clinical-stage I among the multiple
tumors, 34 patients (17.71%) had stage II, and 23 patients
(11.98%) had stage III. Out of 89 patients who underwent

Fig.2 a, b Molecular and
pathological features of patients
with sSMPLC. AIS, adenocarci-
noma in situ; MIA, minimally
invasive adenocarcinoma; IA,
invasive adenocarcinoma

31.35%(79/252)

1.98%(5/252)
0.79%(2/252)
1.19%(3/252)
0.79%(2/252)

surgical resection, 74 patients (83.15%) had the highest
pathological stage I among the multiple tumors, 7 patients
(7.87%) had stage II, and 8 patients (8.99%) had stage III
(Table 1).

4 Gene-mutation status of 252 tumors in patients with
sMPLC

59.13%(149/252)

1.98%(5/252)
1.59%(4/252) 0.79%(2/252)
0.40%(1/252)
i EGFR mutation i ALK fusion H BRAF mutation

M HER2 mutation
M ROS1 fusion

H NRAS mutation
M Mutiple mutations

LI KRAS mutation
M PIK3CA mutation

B Without mutation or fusion

b

Histological subtypes of 245 surgically resected tumors
in patients with sMPLC

5.31%(13/245)

3.27%(8/245)

8.16%(20/245)

49.39%(121/245)

i AIS or MIA

LI IA with lepidic-predominant subtype

H |IA with papillary-predominant subtype
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1.63%(4/245)

32.24%(79/245)

M |A with acinar-predominant subtype
M IA with solid-predominant subtype

H IA with micropapillary-predominant subtype
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CT morphological characteristics and classification

Among the 192 patients, all lesions pathologically confirmed
or highly suspected as tumors based on radiological find-
ings were analyzed, and the following four CT findings were
established: (1) solid nodule/mass defined as a round or oval
opacity with solid density and a diameter measuring up to
(nodule) or > 3 cm (mass); (2) subsolid nodule/mass defined
as a round or oval opacity with subsolid density and a diam-
eter measuring up to (nodule) or > 3 cm (mass); (3) cystic
airspace characterized by a thin-walled cystic airspace; and
(4) focal consolidation characterized as a focal consolidation
with an irregular shape that could not be classified as round,
oval, or lobulated and usually containing air bronchogram.

The sMPLC was actually a mixture of multiple tumors
with the different CT findings described above. The CT
findings of SMPLC were further classified into the follow-
ing three types: (I) all lesions manifested as solid nodules/
masses (14.06%, 27/192), (II) all lesions manifested as
subsolid nodules/masses (43.23%, 83/192), and (III) tumor
lesions manifested as a combination of > 2 of the following
patterns: solid nodules/masses, subsolid nodules/masses,
cystic airspace, and focal consolidation (42.71%, 82/192).
Among all patients, 85 (44.27%, 85/192) had a unilateral
distribution (27 patients on the left lung, 58 patients on the
right lung), and 107 (55.73%, 107/192) had a bilateral dis-
tribution (Fig. 1).

Pathological and molecular features

For the 192 patients, a total of 245 lesions were surgically
resected. Among them, 79 lesions (32.24%) were confirmed
as adenocarcinomas in situ or minimally invasive adenocar-
cinomas, whereas 166 lesions (67.76%) were confirmed as
invasive adenocarcinomas (IAs). For all [As, acinar-predom-
inant growth patterns were found to be the most common
histological subtype for patients with sMPLC, followed by

the lepidic-predominant and papillary-predominant patterns
(Fig. 2).

A total of 252 lesions had an EGFR mutation and 103
had eight other driver-gene mutations. The specific gene-
mutation statuses are depicted in Fig. 2. Among them, 136
lesions (53.97%) were solid nodules/masses, 92 (36.51%)
were subsolid nodules/masses, and 24 lesions (9.52%) had
two other patterns. The chi-squared test showed that subsolid
nodules/masses had a high incidence of EGFR mutations (p
< 0.05), whereas solid nodules/masses had a low incidence
of EGFR mutations (p < 0.05) (Table 2).

In 19 patients, surgical resection and nine driver-gene
testing were performed for all lesions. For all lesions in the
same patient, 12 patients (63.16%) exhibited different gene-
mutation statuses, whereas 7 (36.84%) exhibited the same
gene-mutation status (Table 3).

Prognostic factor analysis

In total, 89 patients underwent surgical resection alone
(average age, 60.48 + 10.15 years). Among them, 18
patients (20.22%) relapsed and 7 patients (7.87%) died.
The Kaplan—Meier survival analysis showed that clinical
features, including the highest clinical stage and lymphatic
metastasis status, were associated with the PFSs of the
patients with SMPLC. The PFS was longer in patients with
the highest clinical stage of I than in those with the highest
clinical stage of IT and III (p < 0.001). The PFS was shorter
in patients with lymphatic metastasis than in those without
(p < 0.05). Age, sex, smoking, and surgical resection types
were not significantly associated with PFS (all p > 0.05).
Furthermore, the CT features of tumors, including location,
largest tumor size, and CT classification, were correlated
with PFS. The PFS was shorter for patients having tumors
with ipsilateral distribution than for those having tumors
with bilateral distribution, for patients having tumors with
the largest tumor size > 3 cm than for those having tumors
with the largest tumor size < 3 cm, and for patients with CT

Table 2 Correlation between

CT features Total EGFR positive (n = 149) EGFR negative (n = 103) p value
the CT features and EGFR-
mutation status of 252 tumors in Solid nodule 0.001
patients with sMPLC Presence 136 68 (50.00%, 68/136) 68 (50.00%, 68/136)
Absence 116 81 (69.83%, 81/116) 35 (30.17%, 35/116)
Subsolid nodule 0.001
Presence 92 68 (73.91%, 68/92) 24 (26.09%, 24/92)
Absence 160 81 (50.63%, 81/160) 79 (49.37%,79/160)
Cystic airspace/focal 0.603
consolidation
Presence 24 13 (54.17%, 13/24) 11 (45.83%, 11/24)
Absence 228 136 (59.65%, 136/228) 92 (40.35%, 92/228)

EGFR epidermal growth factor receptor, CT computed tomography
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classification of I than for those with CT classification of II/
III (all p < 0.05) (Table 4, Fig. 3).

Cox analysis showed that the highest clinical stage of
non-I (hazard ratio (HR) = 7.914, p = 0.000, 95% confi-
dence interval (CI) 2.885-21.708), ipsilateral distribution
of tumors (HR = 3.761, p = 0.019, 95% CI 1.241-11.400),
and CT classification of I (HR = 5.899, p = 0.001, 95% CI
2.032-17.127) were independent risk factors associated with
the poor prognosis of patients with sMPLC (Table 5).

Discussion

A good understanding of the imaging characteristics and
their relationships with gene mutations and the prognosis of
sMPLC is of great clinical significance. Therefore, this study
comprehensively analyzed the CT classification, gene-muta-
tion status, and surgical prognosis of patients with sSMPLC.

Four different CT tumor characteristics were observed:
solid nodules/masses, subsolid nodules/masses, cystic air-
space, and focal consolidation. Some investigators indicated
that sMPLC can manifest as solid/subsolid nodules/masses
[15-17], but cystic airspace and focal consolidation were
not mentioned in these studies. The two patterns have some
special CT presentations. For tumors with thin-walled cystic
airspace, the mechanism underlying its formation may be
related to focal emphysema resulting from small-airway
stenosis due to tumor invasion or intratumoral necrosis [18,
19]. Nonuniform cyst walls, septation within the cyst, wall
nodules, GGO around the cyst, and irregular margins are
highly indicative of cancer [20]. For tumors with focal con-
solidation, the air bronchogram finding is usually observed,
which can display features similar to those of infection, pos-
sibly resulting in diagnostic errors. A dead bronchial leaf-
less tree sign, GGO component, and pleural retraction can
indicate cancer. Moreover, the CT findings of sMPLC were

Table 4 Correlation between

s oS Clinical and CT characteristics N (n=89) Mean PFS (months) p value
clinical and CT characteristics
and PFS in 89 patients with Age (years) 0.556
sMPLC undergoing surgical > 65 35 (39.33 %) 4431323
resection alone
<65 54 (60.67 %) 55.79 +4.21
Sex 0.180
Female 58 (65.17 %) 48.74 + 4.45
Male 31 (34.83 %) 60.40 + 4.04
Smoking history 0.064
Presence 16 (17.98 %) 42.58 +3.35
Absence 73 (82.02 %) 59.79 + 3.27
Highest clinical stage < 0.001
| 72 (80.90 %) 61.24 +3.40
1I 7 (7.87 %) 30.19 +3.40
I 10 (11.24 %) 35.29 +7.20
Surgical resection 0.577
Lobectomy + lobectomy 23 (25.84 %) 39.32 +4.10
Lobectomy + sublobectomy 24 (26.97 %) 53.96 +5.40
Sublobectomy + sublobectomy 42 (47.19 %) 5547 +4.36
Lymphatic metastasis 0.001
Presence 10 (11.24 %) 3273 +4.43
Absence 79 (88.76 %) 58.43 +3.36
Largest tumor size 0.006
>3 cm 22 (24.72 %) 36.79 + 3.36
<3cm 67 (75.28 %) 61.01 +3.21
Tumor location 0.033
Ipsilateral 55 (61.80 %) 48.63 + 4.67
Bilateral 34 (38.20 %) 60.49 +4.12
CT classification
| 9 (10.11 %) 31.56 +7.92 0.003
1I 47 (52.81 %) 63.56 + 3.59
11 33 (37.08 %) 49.15 +3.35

PFS progression-free survival
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Fig.3 a—e Kaplan—Meier survival curve depicting actual progres- » a. —
sion-free survival in 89 patients with sMPLC undergoing surgical T Y™ Highest clinical stage
resection alone Y i

]
il

1 - censored
—H11 - censored
+111- censored

I

further classified into three types. We found that type II,
in which all lesions manifested as subsolid nodules/masses,
was the most common, followed by type III. Previous stud-
ies have reported that the density of tumors was associated
with the histological subtype of lung ADC (LADC) [21-23]. w
LADC with a lepidic-predominant pattern usually presents ) " Gopeduimeselioel -
as a subsolid lesion, whereas predominantly other common b
patterns (papillary, acinar, solid, and micropapillary) tend to T Tt ‘ et mtastass
manifest as a solid lesion [21, 22]. This study showed that ] ) e
most tumors in SMPLC were ADC and presented subsolid L P s
density features, suggesting that tumors in SMPLC were .
closely associated with the lepidic-predominant pattern.
Familiarity with the overall morphological classification
and awareness of the typical CT signs associated with each
type will aid clinicians in providing accurate diagnosis and
suitable treatment for SMPLC. ®
We also analyzed the EGFR-mutation status of 252 Frosressioniies il mont)
lesions in sMPLC. The EGFR-mutation rate was higher oo |l
for subsolid nodules/masses than for solid nodules/masses,
corroborating the results of some studies on isolated lung
cancer [10, 11, 24, 25]. Furthermore, genetic heterogene-
ity was prevalent among the multiple tumors. According to
the latest American College of Chest Physicians treatment
guidelines, radical surgical resection is the optimal treatment
for sMPLC [8]. However, a recent case report described a
combination of surgery and targeted drugs to treat SMPLC o
with EGFR gene mutations. In this study, after treatment
with gefitinib, the changes in the tumor were compared, and d
the tumors resistant to gefitinib were surgically removed, o[ —
whereas those sensitive to gefitinib were continually treated el Al
with gefitinib, thereby achieving a better curative effect [9].
A critical question is whether each tumor of sMPLC should
be evaluated and treated individually in a similar manner to
solitary lung cancer, which warrants further research.
Finally, we identified the prognostic factors of patients
with sMPLC who only underwent surgery. Previous studies
have reported correlations between lung cancer survival and L L
age, sex, smoking history, tumor distribution, and surgical Erogrssionties suridl fmoriie]
resection type. Finley et al [14] and El Ghissassi et al [26]
found that age, sex, and smoking history were associated T
with lung cancer survival rates. Conversely, Hattori et al [15, ] Ty -
16] and Shimada et al [27] demonstrated that age, sex, and
smoking history were not closely related to PFS, which is
consistent with the present study. The different outcomes
reported in the literature may be attributed to heterogeneity
in patients’ basic data and differences in sample sizes. Some
investigators [5, 27] indicated that bilateral distribution of
tumors predicted poor survival compared with ipsilateral L1 L L L L
distribution, whereas Tanvetyanon et al [28] and Griffioen S,

Cumulative survival analysis

Cumulative survival analysis
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Table 5 Univariate and multivariate survival analysis of prognostic factors in 89 patients with sMPLC undergoing surgical resection alone
Clinical and CT characteristics Univariate analysis Multivariate analysis

B HR (95C1%) p value B HR (95C1%) p value
Highest clinical stage (non-I) 1.811 6.117 (2.400-15.591) 0.000 2.069 7.914 (2.885-21.708) < 0.001
Lymphatic metastasis (presence) 1.547 4.697 (1.703-12.957) 0.003
Largest tumor size (D > 3 cm) 1.251 3.494 (1.344-9.084) 0.010
Tumor location (ipsilateral) 1.099 3.000 (1.045-8.610) 0.041 1.325 3.761 (1.241-11.400) 0.019
CT classification (I) 1.411 4.100 (1.514-11.103) 0.005 1.775 5.899 (2.032-17.127) 0.001

HR hazard ratio, *p variables in the equation

et al [29] showed that bilateral cancers are indicative of more
favorable survival, which corroborates our results. These
conflicting results among studies may be attributed to dif-
ferences in patient inclusion criteria. We speculated that
bilateral tumors may have a higher probability of being true
MPLC rather than being intrapulmonary metastases. Current
diagnostic criteria are inadequate to differentiate SMPLC
from intrapulmonary metastasis, especially for the CT clas-
sification of type I. Thus, additional studies are needed to
improve the criteria. Rostad et al [6] reported that pneumo-
nectomy indicated a poor survival prognosis, whereas Jung
et al [30] reported that limited resection was not associated
with poor PFS. In the present study, 89 patients received
sublobectomy or lobectomy rather than pneumonectomy.
Thus, no significant difference between the PFSs of patients
with different types of surgical resection was observed. Our
results showed that patients with the largest tumor size >
3 cm, lymphatic metastasis, and highest clinical stage of
non-I had shorter PFSs. Previous studies have reported simi-
lar findings, that smaller sizes of the largest tumor, absence
of lymphatic metastasis, and earlier clinical stages indicate
a good prognosis in patients with sMPLC [27, 31]. Further-
more, patients with CT classification of I had shorter PFS,
whereas those with CT classification of II tended to have a
better prognosis. Some studies have indicated that tumors
with lepidic-predominant patterns are associated with a
good prognosis, whereas acinar/papillary/micropapillary/
solid tumors are associated with an intermediate or poor
prognosis [22, 31, 32], and that the growth pattern of LADC
can show some degree of correlation with tumor density
on CT images [21-23]. According to these studies, LADC
with solid opacity is strongly associated with an acinar/
papillary/micropapillary/solid pattern, whereas that with
subsolid opacity is related to a lepidic-predominant pattern.
Therefore, our results suggested that patients with sSMPLC of
type I were prone to relapse and exhibited different biologi-
cal behavior compared with the others two types. Accord-
ingly, they required an accurate surgical evaluation and close
follow-up after surgery.

This study has several limitations. First, we used a sin-
gle-institution database, which might have introduced data

bias. Second, we only included patients with sMPLC, but
those without mMPLC, and there was no comparison of the
two groups. Third, considering that only a small number
of patients received chemotherapy or targeted therapy, we
focused on the patients who only received surgical resec-
tion in the analysis of prognostic factors, and did not have
adequate data to analyze the survival of patients who under-
went different treatments in the current study. Hence, future
studies are warranted.

In conclusion, subsolid lesions are the most common
presentation and genetic heterogeneity in driver mutations
among sSMPLC may be present. Prognosis in patients with
SMPLC is determined by the highest clinical TNM stage,
distribution, and radiological classification among the mul-
tiple tumors. The highest clinical stage of non-I, ipsilateral
distribution of tumors, and CT classification of I are indica-
tive of a poor prognosis in patients with SMPLC.
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