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Growth characteristics of early-stage (IA) lung
adenocarcinoma and its value in predicting
lymph node metastasis

Mengxi Liu', Junhao Mu?, Feipeng Song', Xiangling Liu', Weiwei Jing' and Fajin Lv'"

Abstract

Background We aim to compare the differences in growth characteristics between part-solid and solid lung
adenocarcinoma, and to investigate the value of volume doubling time (VDT) or mass doubling time (MDT) in
predicting lymph node (LN) metastasis and preoperative evaluation in patients of early-stage (IA) non-small cell lung
cancer (NSCLC).

Method We reviewed 8,653 cases of surgically resected stage IA lung adenocarcinoma between 2018 and 2022, with
two follow-up visits at least 3 months apart, comparing diameter, volume, and mass growth of pSN and SN. VDT and
MDT calculations for nodules with a volume change of at least 25%. Univariable or multivariable analysis was used

to identify the risk factors. The area under the curve (AUC) for the receiver operating characteristic (ROC) curves was
used to evaluate the diagnostic value.

Results A total of 144 patients were included 114 with solid nodules (SN) and 25 with part-solid nodules (pSN).
During the follow-up period, the mean VDTt and MDTt of SN were shorter than those of pSN, 337 vs. 541 days
(p=0.005), 298 vs. 458 days (p=0.018), respectively. Without considering the ground-glass component, the mean
VDTc and MDTc of SN were shorter than the solid component of pSN, 337 vs. 498 days (p=0.004) and 298 vs. 453
days (p=0.003), respectively. 27 nodules were clinically and pathologically diagnosed as N1/N2. Logistic regression
identified initial diameter (p <0.001), consolidation increase (p=0.019), volume increase (p=0.020), mass increase
(p=0.021),VDTt (p=0.002), and MDTt (p=0.004) were independent factors for LN metastasis. The ROC curves showed
that the AUC for VDTt was 0.860 (95% Cl, 0.778-0.943; p <0.001) and for MDTt was 0.848 (95% Cl, 0.759-0.936;
p<0.001).

Conclusions Our study showed significant differences in the growth characteristics of pSN and SN, and the
application of VDT and MDT could be a valid predictor LN metastasis in patients with early-stage NSCLC.

Keywords Lung adenocarcinoma, Lymph node (LN) Metastasis, Solitary pulmonary nodule (SPN), Volume doubling
time (VDT), Mass doubling time (MDT)
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Introduction

Lung cancer is the second most common cancer and the
leading cause of cancer-related deaths, with an estimated
1.8 million deaths worldwide [1], while lung adenocarci-
noma is the most common type of lung cancer account-
ing for more than 50% of non-small cell lung cancer
(NSCLC) [2]. With the popularity of low-dose computed
tomography (LDCT), the detection rate of early-stage
pulmonary nodules is gradually increasing in lung can-
cer screening [3-6]. Solitary pulmonary nodule (SPN)
can be divided into solid nodule (SN) and subsolid nod-
ule, which subsolid nodules can be further classified as
pure ground-glass nodule (pGGN) and part-solid nod-
ule (pSN) depending on whether the lung parenchyma is
completely covered by nodules on CT imaging [7].

In the clinical follow-up of SPN, two-dimensional mea-
surement of the maximum pulmonary nodules’ diameter
is commonly used to determine the size of SPN, while
three-dimensional measurements are more accurate
than two-dimensional measurements [8, 9]. In addition,
three-dimensional measurements can show the nodule
growth or doubling time, which are important indica-
tors for observing SPN growth. Although previous stud-
ies have shown the predictive value of volume doubling
time (VDT) in screening patients for pulmonary nodules,
however, the growth characteristics of pSN and SN, as
well as their application in lymph node (LN) metasta-
sis of early-stage lung adenocarcinoma have rarely been
reported in the literature and lack experimental basis in
clinical practice. Thus, the application and value of VDT
or mass doubling time (MDT) in the preoperative evalua-
tion of mediastinal LN is needed.

LN metastasis is not only the most common and major
metastatic route in NSCLC, but also an important factor
affecting clinical staging and prognosis [10-12]. N stage
in NSCLC is critical for making treatment strategy deci-
sions and determining clinical outcomes, and accurate
assessment of LN metastasis is important for guiding
surgical approaches or prognosis, because the surgical
resection is the primary treatment option for patients
with early-stage lung cancer [13]. The incidence of LN
metastasis in patients with NSCLC is unknown, and the
need for LN dissection during surgery is not clear preop-
eratively. Therefore, this study aims to provide an imaging
basis for clinical diagnosis and preoperative evaluation
by observing the growth trend of pulmonary nodules
according to the follow-up of early-stage NSCLC, and the
application of VDT and MDT in early-stage lung adeno-
carcinoma LN metastasis.

Methods

Patient selection

This retrospectively study analyzed the clinical data of
8,653 patients who underwent thoracic surgical resection
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in the First Affiliated Hospital of Chongqing Medical
University, China, from November 2018 to May 2022,
and included pulmonary nodules with at least 3-month
interval of preoperative follow-up. The interval of 1 or
2 days between the patient’s last CT examination and
surgery. The inclusion criteria for SPN were as follows:
(a) tumor diameter<3 cm; (b) systematic LN dissection
that met the current standards (all LN stations 2—4 and
7-12 on the right side and stations 4—12 on the left side,
according to the American Thoracic Society classifica-
tion); (c) complete postoperative pathological data were
available and the pathological findings showed adeno-
carcinoma. The exclusion criteria for malignant SPN
were as follows: (a) benign pulmonary nodules; (b) his-
tory of preoperative adjuvant radiotherapy treatment, or
patients with nodule volume reduction during follow-up;
(c) follow-up <3 months or 212 months; (d) multiple pul-
monary nodules. A total of 144 patients were enrolled in
the study (Fig. 1).

CT examinations

CT imaging of all subjects was performed on a 64-slice
spiral CT scanner (SOMATOM Definition Flash, Sie-
mens, Germany). The parameters of the non-contrast-
enhanced CT examination were as follows: tube voltage,
110-120 kVp; tube current, 50-150 mAs; pitch, 1.0;
detector collimation, 0.6 mm; rotation time, 0.5 s. CT
images were reconstructed with a section thickness of
1.25 mm and viewed on standard lung window (width
1500 HU; level —600 HU) and mediastinal window
(width, 400 HU; level 30 HU) for image observation.

Image analysis

All patients’ CT data were reviewed on a PACS worksta-
tion (Carestream Vue PACS) by two senior chest radi-
ologists who were blinded to the pathological results.
Interpretation discrepancy, if any, were resolved by con-
sensus. The following radiological features are recorded
during each patient’s initial examination and at follow-up
process: (a) texture: SN was defined as the entire nodule
consisting of solid components while pSN was defined as
the ground-glass opacity (GGO) and the mixed density of
solid components; (b) diameter: recorded as the mean of
the longest diameter of the whole nodules; (c) solid com-
ponent diameter: defined as a tumor lesion completely
obscured the underlying bronchial structures and vas-
cular markings from the lung window; (d) consolidation/
tumor ratio (C/T): ratio of maximum solid diameter to
maximum tumor diameter; (e) volume: measured auto-
matically by picture archiving and communication sys-
tem (Neusoft Medical Systems, Shenyang, China) after
manual outlining of nodule margins slice by slice on thin-
slice images; (f) density: obtained by freehand sketch-
ing the ROI along the tumor margin on workstation,
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to May 2022 (n=8653)

a) Nodue diameter <30 mm

b) Thin-slice CT images (1mm)
c) NSCLC

Patients with malignant SPNs from Nov 2018

Excluded patients (n= 8509)

a) Follow-up £ 3 months (n=1889)

b) No follow-up images (n=2671)

c) Chemotherapy between scans (n=240)
d) Without thin-slice CT images (n=1103)
d) Pure GGN (n=2606)

Y

Total 144 included patients
a) Part-solid nodules (n=25)
b) Solid nodules (n=119)

c) Pathologic type:AlS,MIA, Invasive adenocarcinoma

;

;

c TINOMO
(n=27)

cTIN1/2M0
(n=117)

Fig. 1 Patient selection. SPN: solitary pulmonary nodule; NSCLC: non-small cell lung cancer; GGN: ground-glass nodule; AlS: adenocarcinoma in situ; MIA:

minimally invasive adenocarcinoma

averaging the 3 levels. CT attenuation in Hounsfifield
Units (HU) can be translated directly into physical den-
sity in milligrams per milliliter by adding 1000 to the HU
value [14]; (g) mass: defined as the product of volume and
density of individual nodules; (h) LN metastasis: metas-
tasis in systematic LN dissection, determined by postop-
erative pathology slides.

VDT and MDT
First, we analyzed relative diameter, volume, and mass
change for all the follow-up nodules, relative diameter

change = (Dt—D0) / DOx100%; relative volume change =
(Vt—=V0) / V0x100%; relative mass change = (Mt- — M0)
/ M0x100%. DO, VO, and MO represent the diameter,
volume, and mass of the initial observation; Dt, Vt, and
Mt are the diameter, volume, and mass of the follow-up
time. We included nodules with >25% relative volume
change in the VDT and MDT change statistics, as in pre-
vious studies [15, 16]. The VDT and MDT are calculated
using the modified Schwartz formula [17]: VDT = [In2 x
AT] / [In (Vt / VO)], where Vt and VO represent the initial
and follow-up volumes of the nodules, respectively, AT
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denotes the follow-up interval. Similarly, MDT = [In2 x
AT] / [In (Mt / M0O)], Mt and MO represent the initial and
follow-up masses of the nodules, respectively.

All nodules were staged according to the malignant
tumor staging system in the eighth edition of the TNM
Classification [18].

Statistical analysis

All statistical analyses were performed using SPSS 22.0
statistical software (SPSS Inc., Chicago, Illinois, USA).
Continuous variables were described by mean and stan-
dard deviation, while differences between two groups
were compared by nonparametric tests or ¢-test. Cat-
egorical variables were expressed as percentages and

Table 1 Patient characteristics

Variable Tla Tib T1c p-
(n=52) (n=65) (n=27) value

Gender 0.124
Female 35(67.3) 32(49.2) 17(63)

Male 17(32.7)  33(50.8) 10(37)

Age (years) 0.000
<60 40(76.9)  26(40.0)  12(444)
>60 12(23.1)  39(60.0) 15(55.6)

Family history of lung cancer 0.129
No 49(94.2)  54(83.1)  25(92.6)

Yes 3(5.8) 11(16.9)  2(7.4)

History of malignancy 0.254
No 46(885) 62(954)  23(85.2)

Yes 6(11.5)  3(4.6) 4(14.8)

Smoking index 0.710
Nonsmoker 36(69.2)  38(58.5) 18(66.7)
<400 9(17.3)  10(154)  0(0)
>400 7(13.5) 17(26.2)  9(33.3)

Surgery 0.827
Lobectomy 33(63.5)  43(66.2) 19(70.4)
Segmentectomy 19(36.5) 22(33.8) 8(29.6)

Location 0.191
Right upper lobe 15(28.8)  16(24.6)  7(25.9)

Right middle lobe A(77)  3(46) 4(14.8)
Right lower lobe 10(19.2) 14215)  2(74)

Left upper lobe 12(23.1)  23(354) 5(185)
Left lower lobe 11212)  9(13.8) 9(33.3)

Nodule types 0.025
pSN 15(28.8)  7(10.8) 3(11.1)

SN 37(71.2)  58(89.2)  24(88.9)

Pathological types 0.000
AlS 3(5.8)  0(0) 0(0)

MIA 15(28.8)  4(6.2) 0(0)
IA 34(654) 61(93.8)  27(100)

LN Metastasis 0.000
No 50(96.2)  51(785)  16(59.3)

Yes 2(3.8) 14(21.5) 11(40.7)

pSN: part-solid nodule; SN: solid nodule; AlS: adenocarcinoma in situ; MIA:
minimally invasive adenocarcinoma; IA: invasive adenocarcinoma; LN: lymph
node
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differences between groups were compared by Chi-
square test. Logistic regression equations were con-
structed to analyze the risk factors for LN metastasis in
early-stage lung adenocarcinoma. Receiver-operating
characteristic (ROC) curves was plotted to assess the
diagnostic value of VDT and MDT in early-stage lung
adenocarcinoma LN metastasis. Two-sided p-values less
than 0.05 indicated statistical significance.

Results

Patient characteristics

There were 84 (58.3%) females and 60 (41.7%)
males among the 144 patients, with the mean age of
59.18+10.29 years (range, 32—78 years), and the mean
tumor size of 11.95+5.46 mm (range, 4.20-27.75 mm).
We divided all patients into T1a (<1 cm), ¢cT1b (=1 cm; <
2 cm), and cT1lc (=2 cm; < 3 ¢cm) according to the tumor
size, the number of patients in each group was 52, 65, and
27, respectively. The percentage of SN in each group were
71.2%, 89.2%, and 88.9%, while the LN metastasis rates
were 3.8%, 21.5%, and 40.7%, according to postoperative
pathology, respectively. Table 1 summarizes the clinical
data and pathological characteristics of 144 patients in
each group. No significant differences were found in gen-
der, family history of lung cancer, history of malignancy,
smoking index, surgery, and location among the three
groups (p>0.05).

Comparison of the growth characteristics of pSN and SN
Table 2 summarizes the CT features and follow-
up changes of SPN. We divided them into pSN and
SN for comparison, according to the imaging stag-
ing of pulmonary nodules. Among 25 pSN, the
mean size was 12.031£6.35 mm with a mean follow-
up time of 170.4%91.1 days, while the mean size
was 14.284+591 mm with a mean follow-up time of
180.51+92.7 days among 119 SN.

The changes in diameter, volume, and mass during the
follow-up period of pSN and SN were statistically signifi-
cant. The mean diameter, volume, and mass increases in
the pSN and SN were 0.95 vs. 2.15 mm (p<0.001), 195.31
vs. 696.25mm? (p<0.001), and 0.20 vs. 0.77 g (p<0.001),
respectively. The relative diameter, volume, and mass
change during follow-up period were greater in the SN
compared to pSN, 19.29% vs. 10.18% (p<0.001), 45.85%
vs. 17.12% (p<0.001), and 51.78% vs. 22.71% (p<0.001),
respectively. 80 of all follow-up nodules exhibited growth,
and we calculated volume doubling time of the whole
nodule (VDTt) and mass doubling time of the whole nod-
ule (MDTt) for these growing nodules. The VDTt for pSN
and SN were 541 vs. 337 days (P=0.005), while the MDTt
was 458 vs. 298 days (p=0.018), respectively (Fig. 2).
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Comparison of the growth characteristics of the solid
component of pSN and SN

Without considering the ground-glass component, we
compared the growth difference between the solid com-
ponent of pSN and the SN, SN showed faster growth
compared to the solid component of pSN (Table 2). Dur-
ing the follow-up period, the mean diameter, volume and
mass increase of the solid component of pSN and SN
were 0.92 vs. 2.15 mm (p<0.001), 58.23 vs. 696.25 mm?>
(p=0.002), and 0.45 vs. 0.77 g (p=0.002), respectively.

Table 2 Growth features of pSN and SN

Variable pSN (n=25) SN (n=119) p-value
C-Stage 0.187
clla 15(60) 49(41.2)
cT1b 7(28) 56(47.1)
cTlc 3(12) 14(11.8)
LN Metastasis 0.000
No 25(100) 92(77.3)
Yes 0(0) 27(22.7)
Follow-up (days) 1704+91.1 180.5+92.7 0.585
Initial diameter 12.03+£6.35 14.28+591 0.089
(mm)
Solid component 0.000
(mm)
<5 10(40) 4(34)
>5 15(60) 115(96.6)
Initial volume 1561.96+2625.61 1663.28+2014.60 0.829
(mm?)
Initial mass (g) 1.31+2.50 1.59+1.94 0.536
Diameter increase  0.95+0.68 215+1.70 0.000
(mm)
Volume increase 195.31+340.14 696.25+99043  0.000
(mm?)
Mass increase (g)  0.20+0.38 0.77+1.08 0.000
Relative diameter  10.18+8.63 19.29+14.72 0.000
change (%)
Relative volume 171241137 45.85+36.87 0.000
change (%)
Relative mass 22.71+£13.77 51.78+39.65 0.000
change (%)
Solid component  0.92+0.81 2.15+1.70 0.000
increase (mm)
Solid component  58.23+70.5 696.25+99043  0.002
volume increase
(mm?)
Solid component  045+0.19 0.77+1.08 0.002
mass increase ()
Relative solid com-  15.72+11.1 19.29+14.72 0.260
ponent change (%)
Relative solid com- 24.74+22.46 45.85+36.87 0.007
ponent volume
change (%)
Relative solid 29.82+23.45 51.78+39.65 0.008
component mass
change (%)

pSN: part-solid nodule; SN: solid nodule; LN: lymph node
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The relative diameter, volume and mass change of the
solid component of pSN and SN were 19.29% vs. 15.72%
(p=0.260), 24.74% vs. 45.85% (p=0.007), and 29.82% vs.
51.78% (p=0.008), respectively, the relative solid com-
ponent volume and mass change were statistically dif-
ferences. Volume doubling time of the solid component
(VDTc) and mass doubling time of the solid component
(MDTc) were calculated for nodules exhibited growth,
the VDTc for the solid component of pSN and SN was
496 vs. 337 days (P=0.004), while the MDTc was 453 vs.
298 days (p=0.003), respectively (Fig. 2).

Relationship between different pathological types of
nodules and LN Metastasis

Among the nodules we followed up, 3 of adenocarci-
noma in situ (AIS) and 19 of minimally invasive ade-
nocarcinoma (MIA) were all NO, while in invasive
adenocarcinoma (IA), there were 95 NO and 27 N1/2. The
percentage composition of different pathological types in
LN metastasis was statistically different (p=0.039), Pear-
son chi-square test analysis showed a correlation between
pathological type and LN metastasis with a column coef-
ficient of 0.20, but according to the results of the regres-
sion analysis, pathology type was not an independent risk
factor for LN metastasis (Table 3). We investigating the
VDTt and MDTt of different pathological types of nod-
ules, and found that both AIS and MIA were NO, with
the VDTt of 790 days and the MDTt of 695 days for AIS,
541 and 458 days for MIA, respectively. The growth of IA
showed significant differences in LN metastasis, with the
VDTt of 386 vs. 248 days for the NO and N1/2, respec-
tively (p=0.019), and the MDTt of 348 vs. 228 days for
the NO and N1/2, respectively (p=0.034) (Fig. 3).

Univariate and multivariate analysis for LN Metastasis

We divided all pulmonary nodules into two observation
groups, NO and N1/N2, according to the LN metasta-
sis. Table 3 summarizes the patient characteristics and
the results of the univariate analysis. Univariate analysis
showed that gender (p=0.04), smoking index (p=0.037),
nodule types (p=0.008), pathological type (p=0.039),
initial diameter (p=0.01), consolidation (p=0.047), C/T
ratio (p<0.001), initial volume (p<0.001), initial mass
(p<0.001), diameter increase (p<0.001), consolidation
increase (p<0.001), volume increase (p<0.001), mass
increase (p<0.001), relative diameter change (p<0.001),
relative volume change (p<0.001), relative mass change
(p<0.001), VDTt (p=0.001), and MDTt (p=0.001) were
all related to LN metastasis. On multivariate analy-
sis, initial diameter (OR, 1.352; 95% CI, 1.141-1.584,
p<0.001), consolidation increase (OR, 0.543; 95% CI,
0.246-1.152, p=0.019), volume increase (OR, 1.008; 95%
CI, 1.001-1.030, p=0.020), mass increase (OR, 1.019;
95% CI, 1.000-1.077, p=0.021), VDTt (OR, 0.921; 95% CI,
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Fig.2 (A-B) Box plot shows VDT and MDT for the whole nodule of PSN and SN. The median VDTt and MDTt of SN was significantly shorter than pSN. (C-D)
Box plot shows the solid component of PSN and SN. The median VDT and MDT of SN was significantly shorter than the solid component of pSN. * rep-
resent p<0.05. s represent p<0.01. pSN, part-solid nodules. SN, solid nodules. VDTt, volume doubling time of the whole nodule. MDTt, mass doubling
time of the whole nodule. VDTc, volume doubling time of the solid component. MDTc, mass doubling time of the solid component
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Fig.3 Graph shows the growth characteristics of the different pathological types of nodules in NO and N1/2, where both AlS and MIA were NO. And both
the mean VDTt and MDTt for IA were shorter in the N1/2 group than in NO, with the difference being statistically different (p < 0.05). AlS, adenocarcinoma
in situ. MIA, minimally invasive adenocarcinoma. 1A, invasive adenocarcinoma. VDTt, volume doubling time of the whole nodule. MDTt, mass doubling

time of the whole nodule

0.878-0.965, p=0.002), and MDTt (OR, 1.080; 95% CI,
1.017-1.134, p=0.004) were independent factors for LNs
metastasis (Table 4).

When drawing the ROC curve to evaluate the abil-
ity of VDTt and MDTt to predict the LN metastasis, the
area under the curve (AUC) for VDTt was 0.860 (95%

ClI, 0.778-0.943; p<0.001), if VDTt was used to predict
the LN metastasis and assuming a threshold of 307 days
for defining high risk for LN metastasis, with a sensi-
tivity and specificity of 81.5% and 82.9%, respectively.
The AUC for MDTt was 0.848 (95% CI, 0.759-0.936;
p<0.001), if MDTt was used to predict the LN metastasis
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Table 3 Univariate analysis for metastasis
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Variable NO (n=117) N1/N2 (n=27) P-value
Gender 0.040
Female 73(62.4) 11(40.7)
Male 44(37.6) 16(59.3)
Age (years) 0.261
<60 66(56.4) 12(44.4)
>60 51(43.6) 15(55.6)
Family history of Lung Cancer 0.675
No 107(91.5) 24(88.9)
Yes 10(8.5) 3(11.1)
History of malignancy 0.497
No 105(89.7) 23(85.2)
Yes 12(10.3) 4(14.8)
Smoking index 0.037
Nonsmoker 80(68.4) 12(44.4)
<400 20(17.1) 6(22.2)
>400 17(14.5) 9(33.3)
Surgery 0.151
Lobectomy 74(63.2) 21(77.8)
Segmentectomy 43(36.8) 6(22.2)
Location 0.998
Right upper lobe 29(24.8) 7(25.9)
Right middle lobe 9(7.7) 2(74)
Right lower lobe 23(19.7) 5(18.5)
Left upper lobe 32(27.4) 8(29.6)
Left lower lobe 24(20.5) 5(18.5)
Nodule type 0.008
pSN 25(21.4) 0(0)
SN 92(78.6) 27(100)
Pathological type 0.039
AlS 3(2.6) 0(0)
MIA 19(16.2) 0(0)
IA 95(81.2) 27(100)
Follow-up (days) 1764+883 1956+107.3 0.395
Initial diameter (mm) 11.25+£521 14.95+5.59 0.010
Solid component (mm) 0.047
<5 14(12) 0(0)
>5 103(88) 27(100)
C/T ratio 0.92+0.19 1.0+£0.0 0.000
Initial volume (mm?) 1356.95+183541 2896.88+2785.87 0.010
Initial mass (g) 1.23+1.69 287+282 0.007
Diameter increase (mm) 143+091 416+2.18 0.000
Solid component increase (mm) 148+1.10 410+£227 0.000
Volume increase (mm?) 302.96+336.11 1936.66+1415.01 0.000
Mass increase () 0.33+037 2.09+1.56 0.000
Relative diameter change (%) 1463+10.82 30.95+19.32 0.000
Relative volume change (%) 29.85+18.51 87.51+51.36 0.000
Relative mass change (%) 34.76+19.62 97.36+54.70 0.000
VDTt (days) 4244217 248+167 0.001
MDTt (days) 378+185 228+158 0.001

pSN: part-solid nodule; SN: solid nodule; AlS: adenocarcinoma in situ; MIA: minimally invasive adenocarcinoma; IA: invasive adenocarcinoma; C/T ratio: the ratio of
the maximum diameter of consolidation relative to the maximum tumor diameter; VDTt: volume doubling time of the whole nodule; MDTt: mass doubling time of
the whole nodule
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Table 4 Multivariate analysis for LN metastasis

Variable OR 95%Cl p-value
Initial diameter 1.352 1.141-1.584 0.000
Consolidation increase 0.543 0.246-1.152 0.019
Volume increase 1.008 1.001-1.030 0.020
Mass increase 1.019 1.000-1.077 0.021
VDTt 0.921 0.878-0.965 0.002
MDTt 1.080 1.017-1.134 0.004

VDTt: volume doubling time of the whole nodule; MDTt: mass doubling time of
the whole nodule; OR: odds ratio; Cl: confidence interval

and assuming a threshold of 254 days for defining high
risk for LN metastasis, with a sensitivity and specificity of
77.8% and 84.6%, respectively (Fig. 4).

Discussion

In our study, the overall prevalence of LN metastases was
18.7% (n=27), and these N1/N2 were all SNs, account-
ing for 22.7% of the total SNs. There were no instances
of LN metastases observed among the 25 pSNs. The
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solid component size, volume and mass increase were
independent predictors of LN metastases. Additionally,
the nodule VDTt and MDTt were considerably shorter
in patients with LN metastases compared to those with-
out metastases (248 vs. 428 days and 221 vs. 378 days,
respectively).

The growth rates of pSN and SN exhibit disparities.
Several studies on VDTt of pulmonary nodules have
found that in malignant SPN, pSN usually has a VDTt
of more than 400 days, whereas SN has a faster growth
rate with the VDTt of 30—400 days [19-21]. Obayashi
et al. [22] found that the median VDTt of adenocarci-
noma with and without GGO was 725 and 177 days,
respectively. The VDTt values for pSN and SN included
in this study were 541 and 337 days, respectively (Fig. 5),
which was consistent with the findings of their studies.
SN has a shorter VDTt than pSN, most likely as a result
of growth-related invasive components. Besides, Hoop
et al. [23] found that a lower degree of variability when
compared to the diameter or volume of malignant GGN

ROC curve
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Fig. 4 Receiver-operating characteristic curves. Reference line: (AUC 0.5); VDTt: volume doubling time of the whole nodule (AUC 0.860); MDTt: mass

doubling time of the whole nodule (AUC 0.848). AUC: area under the curve
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Fig. 5 (A-D) pSN in the upper lobe of the left lung, IA, TIcNOMO, with a follow-up interval of 540 days, volume change rate 108.28%, VDTt 510 days, MDTt
427 days. (E-H) SN in the upper lobe of the right lung, IA, TTbN2MO, with a follow-up interval of 327 days, volume change rate 139.31%, VDTt 259 days,
MDTt 249 days. The arrow indicates the nodule. pSN, part-solid nodule. SN, solid nodule. 1A, invasive adenocarcinoma. VDTt, volume doubling time of the

whole nodule. MDTt, mass doubling time of the whole nodule

resulted in an improved ability to use mass measures to
identify nodule growth. This is consistent with our find-
ings, which the mean MDTt lower than the mean VDTt
for both pSN and SN.

Furthermore, pulmonary nodule growth can manifest
itself not only as an increase in diameter or volume, but
also as the appearance of a new solid component without
significant volume change, or an increase in the internal
solid component. Of the pSN in our investigation, 4 were
MIA and 15 were IA, with 11 of them underwent solid
component growth. While in all study cohorts, diameter
growth (relative change>25%) occurred in 29 nodules,
volume growth in 78 nodules, and mass growth in 96
nodules, with 2 nodules showing new solid components.
The mean diameter, volume, and mass increase for the
solid component of pSN and SN were 0.92 vs. 2.15 mm,
58.23 vs. 696.25 mm?, and 0.45 vs. 0.77 g, respectively. In
addition, it was observed that SN exhibited shorter val-
ues for VDTc of 337 days and MDTc of 298 days in com-
parison to the solid component of pSN, which had VDTc
and MDTc values of 496 days and 453 days, respectively.

This observation implies a potentially more aggressive
biological behavior of SN, possibly due to their poorer
pathological differentiation. It was observed that the
distribution of pathological types in LN metastasis var-
ied significantly, and a weak association (column coeffi-
cient=0.20) was identified. All 27 LN metastasis nodules
were SN with a pathological type of IA. However, none of
the 15 patients with IA of the pSN exhibited LN metas-
tasis. This finding can be attributed to the fact that the

majority of pSN cases were largely composed of acinar
adenocarcinoma (93.9%). In contrast, solid or micropap-
illary adenocarcinoma constituted a significant majority
of 92.6% among the 27 SNs with LN metastases.

The eighth edition of the TNM lung cancer classifica-
tion incorporates the measurement of solid component
size to determine the T stage of pSN, this is because the
solid component corresponds to the invasive component
[24]. Lee et al., [25] found that the size of the solid per-
centage was identified as a significant independent pre-
dictor based on the results of a multivariate analysis. The
results in our study did not show the association between
the solid component of pSN and LN metastasis, and this
was due to the absence of pSN with LN metastases in our
observed data. Regarding the SN, previous research has
indicated a positive correlation between tumor diameter
and the LN metastasis in individuals diagnosed with lung
adenocarcinoma [25, 26]. In our study, the multivari-
ate analysis of the SNs indicate that there is a significant
association between tumor volume and mass growth and
the probability of LN metastasis. Additionally, a shorter
VDTt and MDTt are indicative of N1/2, implying that the
presence LN metastasis is more probable in cases of rap-
idly growth SN (Fig. 6).

Because the status of LN determines the treatment
strategy of the patient, it is particularly important to focus
on accurate preoperative LN assessment in early-stage
lung cancer. For the imaging evaluation of LNs metasta-
sis, previous studies focused on the diagnostic efficacy of
preoperative CT imaging in the LN metastasis [27, 28],
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Fig. 6 (A-C) SN in the upper lobe of the left lung, IA, TTbNTMO, follow-up interval 415 days, volume change rate 302.75%, VDTt 207 days, MDTt 199 days.
The arrow indicates the nodule. SN, solid nodule. A, invasive adenocarcinoma. VDTt, volume doubling time of the whole nodule. MDTt, mass doubling

time of the whole nodule

and these studies have found correlations between mean
CT values, maximum CT values, pleural depression, and
lobar signs with the degree of tumor aggressiveness, as
well as excellent differentiating accuracy (AUC, 0.823). In
addition, carcinoembryonic antigen (CEA) levels, meta-
bolic parameter LN-to-primary tumor ratio of SUVmax
(LPR) are also important predictors of LN metastasis
(AUC, 0.880) [29, 30]. While we innovatively explored
the value of VDTt and MDTt in the preoperative assess-
ment of LN, and according to the results of our study, the
use of VDTt and MDTt to predict LN metastasis had bet-
ter diagnostic efficacy (AUC, 0.860 and 0.848). Due to the
heterogeneity of lung adenocarcinoma in terms of preva-
lence, racial differences, and tumor histology, there are
limitations in comparing the parameters between studies.
However, the inclusion of VDTt and MDTt in the follow-
up of malignant SPN may improve the accuracy of pre-
dicting LN metastasis.

The present study has several limitations. First, we
found a lack of follow-up information, including the type
and number of nodules, in most LN metastasis nodules
during the collection of imaging data, therefore some
selection bias may apply. Secondly, we wanted to inves-
tigate the volume or mass changes in the follow-up of
sub-centimeter nodules, which was not focused on in the
present study. In addition, we did not compare the sur-
vival analysis of VDT in the high and low-risk groups for
LN metastasis. A further prospective multicenter study
is needed to assess not only the diagnostic ability but
also the effect of VDT and MDT on making treatment
decisions.

Conclusions

For malignant SPN, there were differences in the growth
characteristics of pSN and SN, with SN having a shorter
VDTt and MDTt than pSN, and similarly, SN having a
shorter VDTc and MDTc than the solid component of
pSN, in which shorter intervals should be adopted for

follow-up of SN to focus on nodule changes. In addition,
the risk of LN metastasis was higher in SNs with shorter
doubling times (VDTt<307 days, MDTt<254 days).
Therefore, by assessing the growth characteristics of pul-
monary nodules, VDT and MDT can be used to predict
LN metastasis in early-stage NSCLC, and guide the selec-
tion of a clinical surgical approach and LN dissection.
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