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Fan Yang and Kezhong Chen™

Department of Thoracic Surgery, Peking University People’s Hospital, Peking University, Beijjing, China

Objective: This study aims to compare the clinical and pathological characteristics
between patients undergoing surgery for extremely multiple ground-glass nodules
(GGNSs) and those for single GGN.

Methods: We defined extremely multiple GGNs as follows: (i) number of GGNs >3, (ii)
GGN diameter between 3 and 30 mm, and (i) no less than three nodules that were
surgically removed and pathologically diagnosed. Patients with extremely multiple GGNs
and single GGNs who underwent surgery at the same time were retrospectively analyzed.
The patients were divided into three groups according to the number of nodules:
exceedingly multiple nodules (EMN) group (>10), highly multiple nodules (HMN) group
(three to 10), and single nodule (SN) group. The clinical and pathological characteristics,
surgical methods and prognosis were analyzed.

Results: Ninety-nine patients with single nodules and 102 patients with extremely multiple
nodules were enrolled. Among the patients with extremely multiple nodules, 43 (42.2%)
had >10 nodules. There were no significant differences in demographic characteristics,
such as age, sex, and smoking history, between the groups, but there were differences in
tumor characteristics. All patients with >10 nodules showed bilateral pulmonary nodules
and presented with both pure and mixed GGNs. The single GGNs were smaller in
diameter, and the proportion of mixed GGNs and pathologically invasive adenocarcinoma
was lower than that of the primary nodules in the exceedingly multiple GGNs group (o <
0.05). However, the proportion of both mixed GGNs and malignant nodules decreased
significantly with the increasing number of total lesions. During postoperative follow-up,
one patient in the highly multiple nodules group had a local recurrence, and 16 (15.7%)
patients in the extremely multiple GGNs group and 10 (9.8%) patients in the single GGN
group had enlarged unresected GGNs or additional GGNSs.

Conclusions: Our study revealed the clinical and pathologic characteristics, surgical
methods, and prognosis of patients with extremely multiple GGNs and compared them
with those of patients with a single GGN. Although the primary nodules in extremely
multiple GGNs may have higher malignancy than those in the single nodule group, the
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Wang et al. Characteristics of Extremely Multiple GGNs
proportion of both mMGGNs and malignant nodules decreased significantly with the
increasing number of lesions, and the prognosis of patients with extremely multiple
GGNs was satisfied.

Keywords: ground-glass nodule, clinical characteristics, prognosis, lung cancer, multiple

INTRODUCTION divided into two subgroups according to the number of

Ground-glass nodules (GGNs) are nonspecific radiologic
findings showing hazy opacity, without blocking the
underlying pulmonary vessels or bronchial structures, on high-
resolution computed tomography (HRCT) (1) and are classified
as either pure ground-glass nodules (pGGNs) or mixed ground-
glass nodules (mGGNs) according to the absence or presence of
solid components. The pathology of GGNs can be malignant or
benign and be associated with conditions such as inflammation,
focal interstitial fibrosis, and hemorrhage (2).

The detection rate of GGN has steadily increased in recent
years due to the widespread use of low-dose computed
tomography, ranging from 2.7 to 95.5% in some lung cancer
screening trials (3-7). In addition, GGNs frequently appear as
extremely multiple nodules (=3), which has made the diagnosis
and treatment of extremely multiple GGNs a research hot spot
(8, 9). Previous research has confirmed that GGNs are more
likely to be detected in young female non-smokers (8) and more
likely to be malignant (10). However, no scholars have reported
the characteristics of extremely multiple nodules and compared
these nodules with single GGNs. Furthermore, there exists some
controversy about how to treat patients with GGNGs.

We collected the clinical and pathology data of 201 patients
who were diagnosed with extremely multiple GGNs (=3) or
single GGNs who underwent surgery in recent years for
retrospective analysis. The objective of this study was to
understand the characteristics, surgical method, and prognosis
of patients undergoing surgery for extremely multiple GGNs.

METHODS

Patients

From September 2010 to March 2020, 1,556 patients with single
GGNs and 149 patients with extremely multiple GGNs
underwent surgery in our center. A total of 156 of the 1,556
(one out of 10) patients with single GGNs were randomly
selected as the sample to match the number of patients with
extremely multiple nodules in a ratio of 1:1. The data of the 156
patients with single GGNs and all the patients with extremely
multiple GGNs was collected. The inclusion criteria for the single
nodule (SN) group were as follows: (i) only one GGN was found
on preoperative imaging and (ii) the GGN diameter was between
3 and 30 mm. The inclusion criteria for the extremely multiple
nodules group were as follows: (i) number of GGNs =3, (ii)) GGN
diameter between 3 and 30 mm, and (iii) no less than three
nodules were surgically removed and pathologically diagnosed.
The patients in the extremely multiple nodules group were

nodules: the exceedingly multiple nodules (EMN) group (>10)
and the highly multiple nodules (HMN) group (three to 10)
(Figure 1). The primary nodule in the group with extremely
multiple GGNs was defined as the main tumor to be surgically
resected as decided upon by the surgeons, which primarily
depended upon its radiologic invasiveness, the percentage of
solid components, and the tumor size. All patients were regularly
evaluated by HRCT scans from the day of surgery; the intervals
were at the discretion of the attending physician. Generally, the
patients were reviewed every 3 months within 2 years after
surgery, every 6 months starting in the third year, and
annually starting in the fifth year. The components of the
follow-up review included chest CT, abdominal ultrasound and
tumor markers, and brain magnetic resonance imaging. Whole-
body bone scan imaging was considered according to the
condition of the patient.

This study was reviewed and approved by the Institutional
Review Board of Peking University People’s Hospital.

Radiologic Evaluation

All CT scans were performed on 16-detector CT scanners and
obtained at 120 kVp and 40-60 mA, with rotation times of up to
1 s. Images were reconstructed at 1.0-mm slice width with the use
of the standard mediastinal (width, 350 HU; level, 40 HU) and
lung (width, 1,500 HU; level, 600 HU) window width and
window level settings. The diameter of the tumor was defined
as the largest axial diameter of the nodule in the lung window
setting. All image data were extracted independently by two
thoracic radiologists.

Surgical Approach

With reference to corresponding guidelines and literature,
different treatment strategies (follow-up or resection) were
performed according to the characteristics of the pulmonary
nodules (11-13). Our basic surgical strategies for multiple
pulmonary nodules were as follows: (1) preliminary assessment
of the location and the size of the nodules, imaging features, and
estimation of postoperative respiratory function; (2) when the
nodules were all pure GGNs, sublobar resection (wedge and
segmental resection) was preferred, while in cases of subsolid
nodules, lobectomy of the main solid nodules and sublobar
resection of other scattered nodules were performed as per the
usual practice. All palpable ipsilateral nodules were resected
simultaneously. Unless GGNs were deeply embedded, they
could not be resected by wedge resection; and (3) for
contralateral tumors, two-stage surgery was generally
recommended. If all contralateral lesions were small pure
GGNs, a wait-and-see approach was adopted, and growth and
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Extremely multiple GGNs group
Sep 2010 - Mar 2020
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Sep 2010 - Mar 2020

Single GGN patients
treated surgically
(N=1556)
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¢ Not all nodules have
pathology result (N=18) Randomly
e Presence of pneumonia or sclected
> pleural effusion (N=8) (1710)
e Receiving initial adjuvant v
v lherlapy (N=3)
T e Without preoperative Excluded:
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e Receiving initial adjuvant
h 4 therapy (N=3)
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H%\iﬁg‘;‘"’ El\(d,{iﬁg;"p (N=99) HRCT(N=36)
FIGURE 1 | Enroliment flow chart of the study.
invasion were monitored. Similarly, for single GGNs, sublobar RESULTS

resection was preferred when a sufficient margin could be
assured, especially for peripheral ground glass opacity-
dominant nodules smaller than 2 cm (14, 15).

Histologic Evaluation

All clinical specimens were examined and recorded by two
pathology specialists. Lung adenocarcinoma was analyzed
according to the World Health Organization classification (16),
and each nodule was reviewed for size, location, pleural invasion,
and lymphatic invasion according to the International
Association for the Study of Lung Cancer (IASLC) (17).

Statistical Analysis

For most variables, we calculated descriptive statistics, such as
medians with interquartile ranges (for data with skewed
distribution) and proportions (percentages). Statistical
comparisons between groups were evaluated by t-test, analysis
of variance, Mann-Whitney U-tests, and Kruskal-Wallis tests
when appropriate. To explore the variation of the variable with
the increasing number of nodules, the Loess method was used for
smoothing curve fitting. Data for the interval between surgical
resection and the last follow-up visit were analyzed via the
Kaplan-Meier method using confirmed recurrence deaths to
calculate the recurrence-free survival and the overall survival.
P-values less than 0.05 were considered to be statistically
significant. The statistical analyses were performed using R,
version 3.5.3.

Clinical Characteristics
Ninety-nine patients with single nodules and 102 patients with
extremely multiple nodules were enrolled in the study (Figure 1),
and the median number of nodules in the group with extremely
multiple nodules was 10 (range, 3-82). Fifty-nine (55.6%) patients
were in the HMN group, and 43 (44.4%) were in the EMN group.
The characteristics and a comparison among the three groups are
summarized in Table 1. There was a greater proportion of female
patients in the HMN and EMN groups than in the SN group,
although the difference between the two groups was not yet
significant (p = 0.06). The mean age of the HMN group patients
was 55.2 + 8.9 years, while that of the EMN group patients was 57.1
+ 9.8 years (p = 0.29). Most patients had no complaints, no positive
tumor markers, and no family history or smoking history, and these
characteristics did not differ significantly among the three groups.
A total of 1,344 GGNs were detected in the HMN and EMN
groups, including 1,078 pure GGNs and 266 mixed GGNs. Most of
the nodules were located in the upper lobe of the right lung and the
upper lobe of the left lung (32.7 and 29.1%, respectively), among
which 68.6% were in the apical and posterior segments (Table 2).
The median diameters of the primary nodules in the SN group,
HMN group, and EMN group were 11.0 mm (range, 4.0-29.0 mm),
12.8 mm (range, 6.6-30.0 mm), and 17.2 mm (range, 10.2-30.0
mm), respectively. The proportions of mGGNs in the primary
nodules were 56.6, 62.7, and 83.7% for the SN, HMN, and EMN
groups, respectively. There were significant differences in the size
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TABLE 1 | Clinical characteristics of the patients.

Variable Extremely multiple ground-glass nodules (GGNs) SN group (N = 99) P°
HMN group (N = 59) EMN group (N = 43) P? Overall (N = 102)

Sex (%) 0.64 0.06
Female 44 (74.6) 34 (79.1) 78 (76.5) 63 (63.6)

Complaint (%) 0.47 0.73
Yes 11 (18.6) 11 (25.6) 22 (21.6) 19 (19.2)

Age 0.29 0.83
Mean (SD) 55.2 (8.9) 57.1(9.8) 56.0 (9.1) 55.7 (9.5)

Family history (%) 0.72 0.35
Yes 4(6.8) 4(9.3) 8(7.8) 12 (12.1)

Smoking history (%) 1.00 0.31
Yes 10 (16.9) 7(16.3) 17 (16.7) 11 (11.2)

Emphysema (%) 0.70 0.79
Yes 5(8.5) 24.7) 7 (6.9 8(8.1)

Positive tumor markers (%) 0.03 0.61
Yes 9(156.3) 15 (34.9) 24 (23.5) 20 (20.2)

Nodule distribution (%) 0.02 NA
Bilateral 51 (86.4) 43 (100.0) 66 (91.7) NA

Nodule type (%) <0.01 NA
PGGN only 13 (22.0) 0(0.0) 13 (12.7) 43 (43.4)
mGGN only 4 (6.8 0 (0.0 4 (3.9 56 (56.6)
Both pGGN and mGGN 42 (71.2) 43 (100.0) 85 (83.3) NA

Bilateral surgery (%) 0.06 NA
Yes 26 (44.1) 11 (25.6) 23 (34.8) NA

Operation method (%) 0.77 NA
Sublobar resection 36 (61.0) 24 (55.8) 60 (58.8) 77 (77.8)
Lobectomy 8 (13.6) 5(11.6) 13 (12.7) 22 (22.2)
Both 15 (25.4) 14 (32.6) 29 (28.4) NA

Lymph node (%) 0.27 0.87
No intervention 4 (6.8) 3(7.0) 7 (6.9) 9(9.1)
Dissection 21 (35.6) 22 (51.2) 43 (42.2) 40 (40.4)
Sampling 34 (57.6) 18 (41.9) 52 (51.0) 50 (50.5)

Operation interval 0.27 NA
Median (IQR) 5.0 (4.0, 7.0) 4.0 (4.0, 4.5) 4.0 (4.0, 6.0 NA

Resection rate <0.01 NA
Median (IQR) 75.0% (57.1%, 100.0%) 33.3% (25.8%, 46.3%) 50.0% (33.3%, 77.7%) NA

HMN, highly multiple nodules; EMN, exceedingly multiple nodules; SN, single nodule; SD, standard deviation; IQR, interquartile range.

AComparison between the HMN group and the EMN group.

PComparison between patients with extremely multiple GGNs and those with a single GGN.

NA, not available.

and the type of the primary nodules between the SN group and the
EMN group (p < 0.01), while the differences in the other pairwise
comparisons (the SN group vs. the HMN group and the HMN
group vs. the EMN group) were not significant after Bonferroni
correction (Bonferroni-adjusted significance threshold, p <0.017)
(Table 3). However, the proportion of mGGNs decreased
significantly as the number of total lesions increased (correlation
coefficient, r = -0.28, Figure 2). In the EMN group, all patients
presented with bilateral nodules, with both pGGNs and mGGNs
showing a wider distribution (100 vs. 85%, p = 0.03) and higher
imaging heterogeneity (100 vs. 75%, p = 0.004) than the HMN
group. Interestingly, in four patients, the nodules were clustered,
and no less than 10 GGNs were concentrated in a single segment
(Figure 3). The other characteristics did not differ significantly
between the two groups.

Surgical Approach
All patients had the primary nodule excised, while only eight
patients with three to five GGNs had all the lesions excised in the

extremely multiple nodules group. The nodule resection rate in the
EMN group was significantly lower than that in the HMN group
(median, 33.3 vs. 75.0%, p < 0.01). More sublobar resection for
primary nodules was performed in the SN group than in the HMN
(p = 0.02) and EMN (p < 0.01) groups, and the difference between
the SN group and the EMN group was significant after Bonferroni
correction (Table 3). As shown in Table 1, in the extremely multiple
GGNs group, 60 (58.8%) patients underwent sublobar resection
(segmentectomy and wedge resection) only, 13 (12.7%) patients
underwent lobectomy only, and 29 (28.4%) patients underwent
lobectomy combined with sublobar resection. There was no
significant difference in the choice of surgical method between the
HMN and EMN groups (p = 0.77). In 51 patients who presented
with bilateral pulmonary nodules, 26 (44.1%) underwent a two-
stage bilateral surgery, with a median interval of 4 months
(interquartile range, 4-6 months). Only 25.6% of patients in the
EMN group had bilateral surgery, which was less than that in the
HMN group (44.1%), although the difference between the two
groups was not yet significant (p = 0.06).
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TABLE 2 | Percentage distribution of the pulmonary nodules.

Right superior lobe Right middle lobe Right inferior lobe Left superior lobe Left inferior lobe P
Total nodules EMN 31.96% 8.68% 16.67% 30.44% 12.26% 0.147
HMN 32.94% 7.45% 18.04% 26.67% 14.90%
SN 39.39% 4.04% 23.23% 19.19% 14.14%
Malignant nodules EMN 29.27% 9.76% 30.49% 13.41% 17.07% 0.233
HMN 29.81% 8.65% 18.27% 26.92% 16.35%
SN 37.80% 4.88% 21.95% 28.17% 12.20%
TABLE 3 | Analysis of the characteristics of primary nodules.
Single nodule group Highly multiple nodules Exceedingly multiple nodules P P?
(n =99) n (%) group (n = 59) n (%) group (n = 43) n (%)
Distribution 0.45 NA
Superior lobes 58 (58.6) 37 (62.7) 30 (69.8)
Type <0.01 <0.01
mGGN 56 (56.6) 37 (62.7) 36 (83.7)
Size <0.01 <0.01
Median (IQR) 11.0 (8.0, 17.52 12.8 (12.8, 18.5) 17.2(17.2, 23.37
Operation method 0.01 0.01
Sublobar resection 77 (77.8)° 36 (61.0) 24 (55.8)%
Pathological pattern 0.01 0.01
IA 44 (44.47° 36 (61.0) 30 (69.8)%

IA, invasive adenocarcinoma.

4The two groups were considered significantly different, with a P-value below 0.017 after Bonferroni correction for multiple pairwise comparisons (o = 0.05, n = 3), whereas in the other

pairwise comparisons, there was no significant difference.

1.0 [
=-0.28
. p<0.05
[ ]
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€
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FIGURE 2 | The correlation between the proportion of mixed ground-glass
nodules and the total number of nodules.

Pathological Characteristics

The proportion of invasive adenocarcinoma in the primary nodules
of the SN group (44.4%) was less than those in the HMN (61.0%,
p = 0.04) and EMN groups (69.8%, p < 0.01), and the difference
between the SN group and the EMN group was significant after
Bonferroni correction (Table 3). Among the resected nodules of the
EMN and HMN groups, the malignant proportion was 73.7%, and

Posterior view

Left Right

@ Nodule

FIGURE 3 | Spatial location information of the multifocal samples of a patient
was reconstructed in three-dimensional.

the proportions of atypical adenomatoid hyperplasia,
adenocarcinoma in situ (AIS), micro-invasive adenocarcinoma
(MIA), and invasive adenocarcinoma were 7.0, 13.2, 27.8, and
33.7%, respectively. There was no significant difference in the
incidence of invasive adenocarcinoma between the two groups
(Table 4). The proportion of malignant nodules had no
significant relationship with the age, sex, or smoking history of
the patients but decreased with the increase in the number of
nodules (Figure 4). Systematic lymph node dissection or lymph
node sampling was performed in 94.4% of the patients, and no
lymph node invasion was observed, neither in the patients with pure
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TABLE 4 | Pathological analysis of ground-glass nodules.

Exceedingly multiple P
nodules group
(n = 278) n (%)

Highly mult
iple nodules group
(n = 220) n (%)

Benign (except AAH) 44 (20.0) 47 (16.9) 0.375%
AAH/AIS/MIA 108 (49.1) 132 (47.5) 0.391°
IA 68 (30.9) 99 (35.6)

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

4Comparison between benign lesions and malignant lesions.

PComparison between IA and AAH/AIS/MIA.

ground-glass nodules nor in those with mixed ground-
glass nodules.

Prognosis

A total of 4/201 patients were lost at the end of the follow-up
period. The median follow-up period was 37 months (range, 13-
120 months). No serious postoperative complications or
perioperative deaths were observed in any group. Ten patients
in the SN group had additional GGNs during postoperative
follow-up, and none of them underwent intervention.
Nine patients in the HMN group and seven patients in the

EMN group had enlarged unresected GGNs or additional GGNs
during postoperative follow-up, nine of whom had a second
operation on the contralateral side, and the others had no
intervention. There was no significant difference in the rate of
nodule progression between the HMN group and the EMN
group (15.3 vs. 16.3%, p = 0.88). Three nodules from the three
patients who underwent the second surgery were pathologically
confirmed to be invasive adenocarcinoma, with no lymph node
invasion. One patient in the HMN group who presented
preoperatively with a mixed ground-glass nodule with a solid
component ratio greater than 50% was found to have a local
recurrence 34 months after wedge resection. The pathology of
the recurrent nodules was papillary adenocarcinoma. None of
the other 200 patients experienced a recurrence and no death was
recorded either during the follow-up period.

DISCUSSION

In this study, 76.5% of the patients in the HMN and EMN groups
were female, a slightly higher percentage than that in the SN group
(63.6%) and other studies (63.8-71.8%) on single nodules (18, 19).
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FIGURE 4 | Risk factor analysis of malignant rate. (A) Gender, (B) smoking history, (C) age, and (D) number of nodules.
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Most patients had no chief complaint, no family history of lung
cancer, and no positive tumor markers, which did not differ
significantly among the SN group, the EMN group, and the
HMN group and was consistent with studies on single GGNs (18,
19). Since our study participants were from the surgical population,
a higher proportion of patients had mixed ground-glass nodules. In
our study, the proportion of both mGGNs and malignant nodules
decreased significantly with the increasing number of nodules,
which indicated that patients with extremely multiple GGNs may
not have higher malignancy or stronger invasiveness due to the
increasing number of GGNs. However, among the primary nodules,
compared with the SN group, the proportion of both mGGNs and
invasive adenocarcinoma was higher in the HMN and EMN groups,
especially in the EMN group. Furthermore, the size of the primary
nodules in the EMN group was larger than that in the SN group.
Therefore, the primary nodules in the extremely multiple nodules
group may have higher malignancy than those in the single nodule
group, and patients with extremely multiple GGNs should be
assessed mainly for the primary nodules rather than the number
of nodules.

Multiple GGNs are considered multiple primary lung cancers
and at the early stage of tumorigenesis rather than metastatic
tumors, according to the statements from the Fleischner Society
and TASLC Staging and Prognostic Factors Committee (20).
However, in some patients, most nodules are concentrated in a
single segment. Previous studies have shown that four patients
had two lesions that shared the same rare mutation (21, 22)
identified by whole-exome sequencing. The exact metastatic
routes remain unexplored, but metastasis possibly occurred via
the airway. Therefore, in patients with clustered GGNS, attention
should be given to the possibility of metastasis.

The scope of surgery for patients with multiple ground-glass
nodules has always been controversial, and it is generally
considered that sublobar resection is more appropriate than
lobectomy for smaller GGNs and pGGNs. Miller and
colleagues compared the outcomes of lobectomy and sublobar
resection for tumors <10 mm, and they found that there was no
significant difference in survival rate or local recurrence rate (23).
Lee and colleagues suggested that the surgical approach of pGGN
with pathological types of AIS and MIA is recommended to be
sublobar resection rather than lobectomy (24). There are also
reports in the literature that, for multiple GGN patients with
surgical resection, the prognosis is satisfactory; even
sublobectomy does not affect the prognosis (25, 26). Compared
with the abovementioned studies that only focused on one or two
GGNs, our study indicates that sublobar resection for pure
GGNs and nonmain lesions also does not affect the prognosis
for patients with extremely multiple GGNs, while the study of
Nakao found that marginal or primary recurrence occurred in
four of 26 GGN patients 5 years after local resection (27).
Notably, in our study, a patient with mixed ground-glass
nodules relapsed 34 months after sublobar resection. The main
lesion in this patient had a few high-risk characteristics, such as a
larger size (2.3 cm), worse pathological subtype (papillary
adenocarcinoma), and a higher proportion of solid
components (>50%). The other four patients with papillary

adenocarcinoma underwent lobectomy. In summary, for pure
GGNs and nonmain lesions in extremely multiple GGNs,
sublobar resection may be a priority, while the clinical imaging
characteristics and rapid freezing pathology during the operation
are important factors in determining the surgical approach of the
main lesions, especially for larger-sized and subsolid nodules.

Regarding whether to remove all nodules at the same time,
according to IASLC guidelines, the nodules resected in patients with
multiple ground-glass nodules should be considered as having a
high probability of malignancy (20), which was confirmed by our
study, showing an overall malignant rate of resected nodules at
73.7% and an even higher malignant rate of 89% for mixed ground-
glass nodules, consistent with those studies of single GGNs (28). For
multiple GGNs, some studies suggest that the main lesion be
removed first and that the prognosis will not be affected whether
other lesions are removed (25, 29). However, for extremely multiple
GGNs, it remains uncertain whether excision of the main lesion
alone is sufficient. In our study, the majority of patients (84.3%) did
not experience an enlargement of the unresected nodules during
postoperative follow-up, consistent with studies on multiple GGNs
(84%) (30). The patients with nodule enlargement were treated with
continued observation or secondary surgery, while their survival
was not affected. Therefore, the survival rate of patients with
extremely multiple GGNs may not be affected when the number
of resected nodules is appropriately reduced to improve the quality
of life. For the remaining GGN lesions, regular follow-up can be
recommended; once the solid component of the lesion increases or
the volume increases, repeat surgery can be considered.

Previous studies showed that the incidence of lymph node
metastasis in GGNs with solid components greater than 50% was
10-26% (31-36). However, Suzuki et al. analyzed the data of 545
patients and proposed that, for adenocarcinoma with a diameter
<3 c¢m and solid component ratio <50%, the specificity for the
diagnosis of pathologically non-invasive adenocarcinoma
reached 98.7% (37). Hattori et al. also reported that systemic
lymph node dissection in patients with GGNs did not improve
the survival rate (38). In our study, for extremely multiple GGNSs,
none of the patients had a lymph node invasion, which indicates
that the risk of lymph node invasion does not increase with the
increasing number of GGNs. Therefore, systematic lymph node
dissection may not be necessary for extremely multiple GGNGs,
especially if with a solid component of less than 50%.

Our study has some limitations and shortcomings. First, the
surgical intervention indications and intervention methods of
multiple GGNs are still controversial and inconsistent, and the
treatment strategy of our center may be different from that of
other centers in the world. Second, the median follow-up time
was short, and longer follow-ups are needed to further determine
whether multiple unresected GGNs will progress in the future.

To the best of our knowledge, this study is the first to reveal
the clinical and pathologic features, surgical methods, and
prognosis of patients with extremely multiple GGNs and
compare them with those of patients with single GGNs. The
result shows that, although the primary nodules in extremely
multiple GGNs may have higher malignancy than those in the
single nodule group, which should be of concern to clinicians, the
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proportion of both mGGNs and malignant nodules decreased
significantly with the increasing number of lesions, and the
prognosis of patients with extremely multiple GGNs was
satisfactory. Systematic lymph node dissection may not be
necessary for extremely multiple GGNs, which will provide
insights for the treatment strategy of such patients.
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