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Predictors of occult lymph node metastasis D
in clinical T1 lung adenocarcinoma:

a retrospective dual-center study

Xiaoxin Huang', Xiaoxiao Huang?, Kui Wang', Lijuan Liu' and Guangjiao Jin"

Abstract

Background The optimal surgical strategy for lymph node dissection in lung adenocarcinoma remains controversial.
Accurate predicting occult lymph node metastasis (OLNM) in patients with clinical T1 lung adenocarcinoma is
essential for optimizing treatment decisions and improving patient outcomes. This study analyzes the relationship
between anaplastic lymphoma kinase (ALK) status, clinicopathological characteristics, computed tomography (CT)
features, and OLNM in patients with clinical T1 lung adenocarcinoma.

Methods A retrospective analysis was conducted on data from patients with clinical T1 lung adenocarcinoma who
showed no lymph node metastasis on preoperative CT and underwent surgical resection with lymph node dissection
at two centers from January 2016 to December 2023. Univariate and multivariate logistic regression analyses were
performed to identify factors associated with OLNM.

Results Among 1138 patients with clinical T1 lung adenocarcinoma, 167 (14.6%) were found to have OLNM,
including 55 (4.8%) with pathological N1 status and 112 (9.8%) with pathological N2 status. Multivariate logistic
regression analysis identified lobulation, spiculation, solid density, lymphovascular invasion, spread through air spaces
(STAS), micropapillary pattern, solid pattern, and carcinoembryonic antigen (CEA) levels as independent positive
predictors of OLNM. Furthermore, lobulation, lymphovascular invasion, STAS, micropapillary pattern, solid pattern,
CEA levels, and ALK were independent positive predictors of occult N2 lymph node metastasis. The lepidic pattern,
however, was identified as an independent negative predictor for OLNM and occult N2 lymph node metastasis.

Conclusion The identified predictors may assist clinicians in evaluating the risk of OLNM in patients with clinical T1
lung adenocarcinoma, potentially guiding more targeted intervention strategies.
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Introduction

According to the latest estimates from the International
Agency for Research on Cancer, lung cancer remains the
most prevalent cancer globally, accounting for 12.4% of
all cancer cases, and it is also the leading cause of cancer-
related mortality [1]. With the increased use of computed
tomography (CT) imaging, more lung cancers are now
being detected at an early stage. Consequently, the inci-
dence of advanced-stage lung cancer has declined, while
the incidence of localized-stage lung cancer is increas-
ing each year [2]. Surgical resection remains the primary
treatment modality for early-stage lung cancer [3]. Ade-
nocarcinoma, the most prevalent histological subtype of
non-small cell lung cancer (NSCLC), has a prognosis that
is primarily determined by the stage of the tumor. How-
ever, accurate preoperative lymph node staging remains
challenging, as CT and positron emission tomography/
computed tomography (PET/CT) scans show limited
sensitivity in detecting mediastinal lymph node metas-
tasis [4]. Thus, obtaining precise preoperative N staging
is crucial for guiding treatment decisions and predicting
outcomes in patients with lung adenocarcinoma.

Several clinical factors have been linked to lymph node
metastasis in lung adenocarcinoma, including age [5],
consolidation-to-tumor ratio [6], depth ratio [7], smok-
ing status [6], gender [7], tumor size [6, 8], tumor loca-
tion [9], and preoperative carcinoembryonic antigen
(CEA) level [6, 8]. Additionally, Cytokeratin fragment 19
(CYFRA21-1) may help predict mediastinal lymph node
metastasis in lung cancer [10], and carcinoma antigen
125 (CA125) has been suggested as a potential marker
for occult lymph node metastasis (OLNM) in NSCLC
[11, 12]. Pathological features, such as micropapillary
and solid patterns, have been associated with occult N2
lymph node metastasis [10, 11]. Moreover, pleural inva-
sion and lymphovascular invasion correlate with lobar
lymph node metastasis in non-primary tumor-bearing
lobes of NSCLC [12], radiological signs like pleural
indention and the nonvascular penetration sign may pre-
dict lymph node metastasis in T1 lung adenocarcinoma
[7]. Anaplastic lymphoma kinase (ALK) rearrangement
has also been associated with OLNM in lung adenocar-
cinoma and is considered a risk factor for postoperative
recurrence in early-stage disease [13, 14]. However, few
studies have integrated ALK gene expression with CT
features and clinicopathological characteristics to pre-
dict OLNM in T1 lung adenocarcinoma. Furthermore,
the need for lymph node dissection in early-stage lung
adenocarcinoma remains controversial, particularly
in patients considered to have a low risk of metastasis.
Accurately identifying patients at risk of OLNM could
help refine treatment strategies and improve patient
outcomes. In this retrospective study, we investigated
the incidence and predictors of OLNM in clinical T1
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lung adenocarcinoma, aiming to provide data that may
assist clinicians in risk stratification and therapeutic
decision-making.

Materials and methods

Patients

This study was approved by the institutional review
board of our institution, with a waiver of informed con-
sent due to its retrospective nature. We retrospectively
analyzed clinical data from patients at Guangxi Medical
University Cancer Hospital and the Affiliated Hospital
Youjiang Medical College for Nationalities, who under-
went surgical resection combined with lymph node dis-
section and were pathologically diagnosed with lung
adenocarcinoma from January 2016 to December 2023.
The inclusion criteria were as follows: (1) The clinical N
stage before the operation should be NO and the maxi-
mum tumor diameter on the CT image should be 3 cm
or less; (2) The pathology was confirmed as lung adeno-
carcinoma; (3) lobectomy, wedge resection, or segmen-
tectomy combined with lymph node dissection was
performed. Exclusion criteria included: (1) patients who
received neoadjuvant therapy; (2) carcinoma in situ; (3)
incomplete clinical data; (4) lack of systematic lymph
node dissection or sampling during surgery. Clinical
stage NO was defined based on CT scans, indicating the
absence of hilar or mediastinal lymph node enlargement,
with lymph nodes measuring less than 1 c¢cm in their
shortest axis diameter. Systematic lymph node dissec-
tion was defined as the removal of at least three medi-
astinal lymph node stations, including the subcarinal
station when applicable, along with all hilar and intrapul-
monary lymph nodes on the ipsilateral side. Systematic
lymph node sampling, by contrast, involved the targeted
removal of specific lymph node stations as predeter-
mined by the surgeon [15]. A total of 1138 patients were
included in the study. Clinical data collected included
age, gender, smoking history, ALK (D5F3 Ventana) rear-
rangement status, preoperative levels of CYFRA21-1,
CEA, and CA125, as well as the type of surgery per-
formed. TNM staging was determined according to the
8th edition guidelines of the Inter-National Association
for the Study of Lung Cancer.

All surgical specimens were examined by patholo-
gists whose observations were recorded. Each pathology
report was reviewed for lymph node status, emphysema,
visceral pleural invasion, perineural invasion, lympho-
vascular invasion, and spread through air spaces (STAS),
and pathological subtypes of adenocarcinoma (lepidic,
acinar, papillary, micropapillary, solid, complex glandular,
cribriform). The IASLC/ATS/ERS lung adenocarcinoma
classification system was applied. The percentage of each
histological component was recorded in 5% increments,
and tumors were classified according to the predominant
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pattern. The pattern was considered present if>5% of the
histological pattern was present in the tumor.

The CT features of the tumor were interpreted by two
radiologists (with 20 and 9 years of experience in thoracic
imaging diagnosis), who were blinded to the related clini-
copathological data. In case of any differences, decisions
were reached by consensus. The following CT features of
tumors were measured and analyzed: tumor size (maxi-
mum diameter), density (solid, part solid, ground-glass
opacity [GGO]), tumor lobe (right upper lobe, right mid-
dle lobe, right lower lobe, left upper lobe, left lower lobe),
location (central, peripheral), lobulation, spiculation,
pleural indentation, air bronchogram, vascular cluster,
vacuole, and emphysema.

Statistical analysis

Continuous variables with a normal distribution were
presented as the mean * standard deviation. Skewed data
were reported as the median with interquartile ranges
(median [Q1, Q3]). Categorical variables were expressed
as frequencies and percentages. To investigate the asso-
ciation between variables and lymph node metastasis,
univariate binary logistic regression analyses were first
conducted. Variables that were statistically significant
in the univariate analyses were subsequently included in
multivariate binary logistic regression analyses. The diag-
nostic performance of the model was evaluated by calcu-
lating the area under the receiver operating characteristic
curve (AUC), along with the sensitivity and specificity.
All data were performed with the SPSS software (version
22; IBM, USA). A two-sided P<0.05 was considered sta-
tistically significant.

Results

In the study, we included 460 (40.4%) men and 678
(59.6%) women. The median age was 58 years (inter-
quartile range [IQR]: 51, 65). 1136 (99.8%) patients had
tumors located at the periphery. 229 (20.1%) patients
were smokers. The majority of tumors were located in the
right upper lobe (369 patients, 32.4%), while the fewest
were in the right middle lobe (111 patients, 9.8%). OLNM
was observed in 167 (14.7%) patients, with 55 (32.9%)
having pathological N1 status and 112 (67.1%) having
pathological N2 status. No lymph node metastasis was
detected in the GGO group. The median tumor maxi-
mum diameter was 16.5 mm (IQR: 12, 22). Among all
patients, 638 (56.0%) underwent lobectomy, 375 (33.0%)
underwent wedge resection and 125 (11.0%) underwent
segmentectomy. The detailed variables of the patients are
listed in Table 1.

Predictors of occult lymph node metastasis
The results of the univariate analysis of OLNM in patients
with clinical T1 lung adenocarcinoma are presented in
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Table 2. Patient age, gender, location of the tumor (cen-
tral and peripheral), lung lobes, air bronchogram, com-
plex glandular pattern, emphysema, and CYFRA21-1
did not differ significantly between the pathological
NO and pathological N1+N2 groups. Factors signifi-
cantly associated with OLNM included smoking history
((odds ratio [OR]=1.891, p<0.001), tumor maximum
diameter (OR=1.129, p<0.001), density (OR=0.116,
p<0.001), lobulation (OR=47.179, p<0.001), spicu-
lation (OR=6.762, p<0.001), pleural indentation
(OR=4.605, p<0.001), vascular cluster sign (OR=2.791,
p<0.001), vacuole (OR=2.190, p<0.001), lepidic pat-
tern (OR=0.214, p<0.001), acinar pattern (OR=2.516,
p<0.001), papillary pattern (OR = 1.483, p = 0.020), micro-
papillary pattern (OR=4.895, p<0.001), solid pattern
(OR=6.885, p<0.001), cribriform pattern (OR=5.266,
p=0.002), predominant pattern (OR=1.843, p<0.001),
visceral pleural invasion (OR=2.835, p<0.001), perineu-
ral invasion (OR=9.023, p<0.001), lymphovascular inva-
sion (OR=9.668, p<0.001), STAS (OR=7.320, p<0.001),
ALK (OR=4.221, p<0.001), CEA (OR=3.443, p<0.001),
CA125 (OR=2.930, p=0.002). Multivariate logistic
regression analysis revealed that lobulation (OR=11.083,
p<0.001), spiculation (OR=1.638, p=0.045), lymphovas-
cular invasion (OR=2.969, p<0.001), STAS (OR=2.280,
p<0.001), micropapillary pattern (OR=2.222, p=0.001),
solid pattern (OR=2.681, p<0.001), CEA (OR=1.702,
p=0.029) were identified as independent predictors
associated with an increased risk of OLNM. Conversely,
part solid density (OR=0.379, p=0.004) and lepidic pat-
tern (OR=0.578, p=0.031) were independent predictors
associated with a decreased risk of OLNM. Specifically,
the association of part solid density indicated that solid
density was linked to a higher risk of OLNM. The results
of multivariate logistic regression analyses of OLNM are
shown in Table 3; Fig. 1.

The ability of each factor to predict OLNM on its own
was not conclusive. However, integrating nine indepen-
dent predictive factors (lobulation, speculation, den-
sity, lymphovascular invasion, STAS, lepidic pattern,
micropapillary pattern, solid pattern, and CEA) into
the multivariate logistic regression equation vyielded
more inclusive probability values. Then, we generated a
receiver operating characteristic curve (ROC) to predict
OLNM (Fig. 2). The AUC was 0.916 (p<0.001, 95% CI
0.898-0.934), indicating a high diagnostic value.

Predictors of occult N2 lymph node metastasis

The results of the univariate analysis of occult N2 lymph
node metastasis in patients with clinical T1 lung adeno-
carcinoma are shown in Table 2. Patient age, gender,
location of the tumor (central and peripheral), lung lobes,
air bronchogram, papillary pattern, complex glandu-
lar pattern, emphysema, and CYFRA21-1 did not differ
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Table 1 Clinical, molecular, radiological, and pathological features distribution in the study population

Variables All patients pNO pN1+N2 pN2
No. (%) No. (%) No. (%) No. (%)
(n=1138) (n=971) (n=167) (n=112)

Age (years)® 58(51,65) 58(51,65) 58(50,64) 58(51,64)
Gender

Male 460(40.4) 381(39.2) 79(47.3) 52(46.4)

Female 678(59.6) 590(60.8) 88(52.7) 60(53.6)
Smoking history

No 909(79.9) 792(81.6) 79(47.3) 81(72.3)

Yes 229(20.1) 179(18.4) 88(52.7) 31(27.7)
Maximum diameter (mm)? 16.5(12,22) 15(11,21) 21(17,25) 20(17,24)
Operation type

Segmentectomy 125(11.0) 121(12.5) 4(2.4) 3(2.7)

Wedge resection 375(33.0) 337(34.7) 38(22.8) 29(25.9)

Lobectomy 638(56.0) 513(52.8) 125(74.9) 80(71.4)
Density

Solid 548(48.2) 393(40.5) 155(92.8) 102(91.1)

Part solid 275(24.2) 263(27.1) 12(7.2) 10(8.9)

GGO 315(27.6) 315(324) 0(0) 0(0)
Location

Central 2(0.2) 1(0.1) 1(0.6) 1(0.9)

Peripheral 1136(99.8) 970(99.9) 166(99.4) 111(99.1)
Lung lobes

RUL 369(32.4) 314(32.3) 55(32.9) 39(34.8)

RML 111(9.8) 90(9.3) 21(12.6) 13(11.6)

RLL 216(20.0) 177(18.2) 39(23.3) 25(22.3)

LUL 259(22.7) 235(24.2) 24(14.4) 15(13.4)

LLL 183(16.1) 155(16.0) 28(16.8) 20(17.9)
Lobulation

Absent 525(46.1) 521(63.7) 49(29.3) 35(31.2)

Present 613(53.9) 255(26.3) 118(70.7) 77(68.8)
Spiculation

Absent 765(67.2) 716(73.7) 49(29.3) 35(31.2)

Present 373(32.8) 255(26.3) 118(70.7) 77(68.8)
Pleural indentation

Absent 664(58.3) 618(63.6) 46(27.5) 32(28.6)

Present 474(41.7) 353(36.4) 121(72.5) 80(71.4)
Air bronchogram

Absent 786(69.1) 673(69.3) 113(67.7) 81(723)

Present 352(30.9) 298(30.7) 54(32.3) 31(27.7)
Vascular cluster sign

Absent 1041(91.5) 903(93.0) 138(82.6) 95(84.8)

Present 97(8.5) 68(7.0) 29(17.4) 17(15.2)
Vacuole

Absent 939(82.5) 820(84.4) 119(71.3) 78(69.6)

Present 199(17.5) 151(15.6) 48(28.7) 34(304)
Lepidic pattern

Absent 520(45.7) 393(40.5) 127(76.0) 88(78.6)

Present 618(54.3) 578(59.5) 40(24.0) 24(21.4)
Acinar pattern

Absent 279(24.5) 258(26.6) 21(12.6) 11(9.8)

Present 859(75.5) 713(734) 146(87.4) 101(90.2)
Papillary pattern

Absent 565(49.6) 496(51.1) 69(41.3) 47(42.0)

Present 573(50.4) 475(48.9) 98(58.7) 65(58.0)
Micropapillary pattern

Absent 870(76.4) 791(81.5) 79(47.3) 53(47.3)

Present 268(23.6) 180(18.5) 88(52.7) 59(52.7)
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Table 1 (continued)
Variables All patients pNO pN1+N2 pN2
No. (%) No. (%) No. (%) No. (%)
(n=1138) (n=971) (n=167) (n=112)

Solid pattern

Absent 947(83.2) 859(88.5) 88(52.7) 52(46.4)

Present 191(16.8) 112(11.5) 79(47.3) 60(53.6)
Complex glandular pattern

Absent 1117(98.2) 955(98.4) 162(97.0) 108(96.4)

Present 21(1.8) 16(1.6) 5(3.0) 4(3.6)
Cribriform pattern

Absent 1123(98.7) 963(99.2) 160(95.8) 107(95.5)

Present 15(1.3) 8(0.8) 7(4.2) 5(4.5)
Predominant pattern

Lepidic predominant 332(29.2) 325(33.5) 7(4.2) 4(3.6)

Acinar predominant 505(44.4) 417(43.0) 88(52.7) 61(54.5)

Papillary predominant 196(17.2) 170(17.5) 26(15.6) 12(10.7)

Micropapillary predominant 27(2.4) 15(1.5) 12(7.2) 9(8.0)

Solid predominant 73(64) 40(4.1) 33(19.7) 25(22.3)

Complex glandular predominant 5(0.4) 4(0.4) 1(0.6) 1(0.9)
Visceral pleural invasion

Absent 871(76.5) 774(79.7) 97(58.1) 68(60.7)

Present 267(23.5) 197(20.3) 70(41.9) 44(39.3)
Perineural invasion

Absent 1116(98.1) 962(99.1) 154(92.2) 105(93.7)

Present 22(1.9) 9(0.9) 13(7.8) 7(6.3)
Lymphovascular invasion

Absent 998(87.7) 902(92.9) 96(57.5) 66(58.9)

Present 140(12.3) 69(7.1) 71(42.5) 46(41.1)
STAS

Absent 929(81.6) 848(87.3) 81(48.5) 57(50.9

Present 209(18.4) 123(12.7) 86(51.5) 55(49.1)
Emphysema

Absent 740(65.0) 633(65.2) 107(64.1) 72(64.3)

Present 398(35.0) 338(34.8) 60(35.9) 40(35.7)
ALK (D5F3 Ventana)

Negative 1085(95.3) 939(96.7) 146(87.4) 92(82.1)

Positive 53(4.7) 32(33) 21(12.6) 20(17.9)
CYFRA21-1 (ng/ml)

<33 68(6.0) 56(5.8) 12(7.2) 103(92.0)

>33 1070(94.0) 915(94.2) 155(92.8) 9(8.0)
CEA (ng/ml)

<5 1046(91.9) 914(94.1) 132(79.0) 84(75.0)

5-20 73(6.4) 51(5.3) 22(13.2) 19(17.0)

>20 19(1.7) 6(0.6) 13(7.8) 9(8.0)
CA125 (U/mL)

<35 1101(96.7) 946(97.4) 155(92.8) 101(90.2)

>35 37(3.3) 25(2.6) 12(7.2) 11(9.8)

Abbreviations: RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; STAS, spread through air space; ALK,
anaplastic lymphoma kinase; Cyfra21-1, cytokeratin 19-fragments; CEA, carcinoembryonic antigen; CA125, carcinoma antigen 125

?The data are the median, and the upper and lower interquartile ranges are in brackets

significantly between the pathological NO and pathologi-
cal N2 groups. Occult N2 lymph node metastasis was
significantly associated with smoking history (OR =1.693,
p=0.020), tumor maximum diameter (OR=1.117,
p<0.001), density (OR=0.146, p<0.001), lobula-
tion (OR=42.066, p<0.001), spiculation (OR=6.177,

p<0.001), pleural indentation (OR=4.377, p<0.001),
vascular cluster sign (OR=2.376, p=0.003), vacu-
ole (OR=2.367, p<0.001), lepidic pattern (OR=0.185,
p<0.001), acinar pattern (OR=3.322, p<0.001), micro-
papillary pattern (OR=4.892, p<0.001), solid pattern
(OR=8.850, p<0.001), cribriform pattern (OR=5.625,
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Table 2 Univariate analysis of predictors of occult lymph node metastasis in clinical T1 lung adenocarcinoma
Variables pN1+N2 pN2
OR 95% ClI p-value OR 95% ClI p-value

Age (years)® 0.995 0.979-1.011 0.555 0.999 0.980-1.019 0917
Gender

Male 1.000 1.000

Female 0.719 0.517-1.001 0.050 0.745 0.503-1.104 0.142
Smoking history

No 1.000 1.000

Yes 1.891 1.308-2.734 <0.001* 1.693 1.086-2.641 0.020*
Maximum diameter (mm)? 1.129 1.097-1.163 <0.001* 1.117 1.080-1.155 <0.001*
Density

Solid 1.000 1.000

Part solid 0.116 0.063-0.212 <0.001* 0.146 0.075-0.286 <0.001*

GGO 0.000 0.000-0 0.993 0.000 0.000-0 0.993
Location

Central 1.000 1.000

Peripheral 0171 0.011-2.749 0213 0.114 0.007-1.842 0.126
Lung lobes

LLL 1.000 1.000

LUL 0.565 0316-1.011 0.055 0495 0.246-0.996 0.050

RUL 0.970 0.592-1.589 0.903 0.963 0.543-2.358 0.896

RML 1.292 0.693-2.407 0420 1.119 0.531-2.358 0.767

RLL 1.220 0.717-2.075 0464 1.095 0.585-2.048 0.777
Lobulation

Absent 1.000 1.000

Present 47179 17.358-128.237 <0.001* 42.066 13.267-133.380 <0.001*
Spiculation

Absent 1.000 1.000

Present 6.762 4.706-9.716 <0.001* 6.177 4.041-9.443 <0.001*
Pleural indentation

Absent 1.000 1.000

Present 4.605 3.201-6.626 <0.001% 4377 2.846-6.730 <0.001*
Air bronchogram

Absent 1.000 1.000

Present 1.079 0.759-1.534 0.671 0.864 0.559-1.336 0512
Vascular cluster sign

Absent 1.000 1.000

Present 2.791 1.744-4.466 <0.001* 2.376 1.341-4.210 0.003*
Vacuole

Absent 1.000 1.000

Present 2.190 1.502-3.195 <0.001* 2.367 1.527-3.670 <0.001*
Lepidic pattern

Absent 1.000 1.000

Present 0214 0.147-0.312 <0.001* 0.185 0.116-0.296 <0.001*
Acinar pattern

Absent 1.000 1.000

Present 2516 1.558-4.062 <0.001* 3322 1.755-6.291 <0.001*
Papillary pattern

Absent 1.000 1.000

Present 1483 1.063-2.069 0.020* 1444 0.972-2.145 0.069
Micropapillary pattern

Absent 1.000 1.000

Present 4.895 3.470-6.906 <0.001% 4892 3.264-7.332 <0.001*

Solid pattern
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Table 2 (continued)

Variables pN1+N2 pN2
OR 95% Cl p-value OR 95% Cl p-value

Absent 1.000 1.000

Present 6.885 4.794-9.889 <0.001% 8.850 5.813-13473 <0.001*
Complex glandular pattern

Absent 1.000 1.000

Present 1.842 0.666-5.098 0.239 2211 0.726-6.732 0.163
Cribriform pattern

Absent 1.000 1.000

Present 5.266 1.884-14.723 0.002* 5.625 1.808-17.501 0.003*
Predominant pattern

Lepidic predominant 1.000 1.000

Acinar predominant 9.798 4.477-21.443 <0.001* 11.885 4.278-33.025 <0.001*

Papillary predominant 7.101 3.020-16.696 <0.001* 5.735 1.822-18.053 0.003*

Micropapillary predominant 37.143 12.789-107.877 <0.001* 48.750 13.466-176.482 <0.001*

Solid predominant 38.304 15.900-92.275 <0.001* 50.781 16.813-153.379 <0.001*

Complex glandular predominant 11.607 1.146-117.603 0.038* 20.312 1.837-224.562 0.014*
Visceral pleural invasion

Absent 1.000 1.000

Present 2.835 2.008-4.003 <0.001% 2542 1.687-3.831 <0.001*
Perineural invasion

Absent 1.000 1.000

Present 9.023 3.793-21.468 <0.001* 7.126 2.600-19.527 <0.001*
Lymphovascular invasion

Absent 1.000 1.000

Present 9.668 6.530-14.315 <0.001* 911 5.815-14.276 <0.001*
STAS

Absent 1.000 1.000

Present 7.320 5.119-10.466 <0.001* 6.652 4.389-10.084 <0.001*
Emphysema

Absent 1.000 1.000

Present 1.050 0.746-1.479 0.779 1.040 0.692-1.565 0.849
ALK (D5F3 Ventana)

Negative 1.000 1.000

Positive 4.221 2.369-7.519 <0.001* 6.379 3.507-11.604 <0.001*
CYFRA21-1 (ng/ml)

<33 1.000 1.000

>33 1.265 0.663-2414 0476 1428 0.686-2.971 0.341
CEA (ng/ml)

<5 1.000 1.000

5-20 2.987 1.754-5.086 <0.001% 4054 2.287-7.184 <0.001*

>20 15.003 5.606-40.150 <0.001* 16.321 5.672-46.963 <0.001*
CA125 (U/mL)

<35 1.000 1.000

>35 2.930 1.442-5.952 0.003* 4121 1.970-8.622 <0.001*

Abbreviations: RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; STAS, spread through air space; ALK,
anaplastic lymphoma kinase; Cyfra21-1, cytokeratin 19-fragments; CEA, carcinoembryonic antigen; CA125, carcinoma antigen 125. * Represents p <0.05

?The data are the median, and the upper and lower interquartile ranges are in brackets

p=0.003, predominant pattern (OR=1.887, p<0.001), CA125 (OR=4.121, p<0.001). Multivariate logistic
visceral pleural invasion (OR=2.542, p<0.001), perineu- regression analysis showed that lobulation (OR=11.533,
ral invasion (OR=7.126, p<0.001), lymphovascular inva-  p<0.001), lymphovascular invasion (OR=2.752,
sion (OR=9.111, p<0.001), STAS(OR=6.652, p<0.001), p<0.001), STAS (OR=1.850, p=0.027), micropapillary
ALK (OR=6.379, p<0.001), CEA (OR=4.046, p<0.001), pattern (OR=2.181, p=0.004), solid pattern (OR=3.579,
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Table 3 Multivariate analysis of predictors of occult lymph node metastasis in clinical T1 lung adenocarcinoma

Variables pN1+N2 pN2

OR 95% Cl P-value OR 95% ClI P-value
Smoking history 0.968 0.595-1.574 0.895 0.870 0.493-1.535 0.630
Maximum diameter (mm)?® 1.013 0.971-1.058 0.549 1.001 0.952-1.052 0.969
Density 0379 0.197-0.729 0.004* 0.534 0.264-1.082 0.082
Lobulation 11.083 3.752-32.739 <0.001* 11.533 3.270-40.674 <0.001*
Spiculation 1.638 1.012-2.652 0.045* 1.462 0.836-2.557 0.183
Pleural indentation 1.586 0.957-2.629 0.073 1.652 0.912-2.992 0.097
Vascular cluster sign 1.091 0.604-1.972 0.772 0.983 0.486-1.985 0.961
Vacuole 1.284 0.785-2.100 0.320 1514 0.863-2.655 0.148
Lepidic pattern 0578 0.351-0.950 0.031* 0512 0.282-0.928 0.027*
Acinar pattern 1.249 0.634-2.461 0.521 2107 0.886-5.009 0.092
Papillary pattern 0.722 0.447-1.165 0.182
Micropapillary pattern 2.222 1.397-3.535 0.001* 2.181 1.282-3.713 0.004*
Solid pattern 2.681 1.589-4.525 <0.001* 3579 2.004-6.391 <0.001*
Cribriform pattern 1.102 0.304-3.996 0.883 0.900 0.214-3.777 0.885
Predominant pattern 0973 0.786-1.204 0.803 1.009 0.795-1.281 0.939
Visceral pleural invasion 0.956 0.604-1.512 0.847 0.891 0.521-1.524 0.673
Perineural invasion 1.781 0.655-4.841 0.258 1376 0.403-4.698 0.610
Lymphovascular invasion 2.969 1.820-4.841 <0.001* 2752 1.562-4.850 <0.001*
STAS 2.280 1.440-3.609 <0.001* 1.850 1.074-3.186 0.027*
ALK (D5F3 Ventana) 1.892 0.838-4.272 0.125 2.748 1.198-6.305 0.017*
CEA (ng/ml) 1.702 1.055-2.747 0.029* 2.051 1.200-3.504 0.009*
CA125 (U/mL) 2.044 0.664-6.287 0212 2.605 0.808-8.403 0.109

Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio; STAS, spread through air space; ALK, anaplastic lymphoma kinase; CEA, carcinoembryonic antigen;
CA125, carcinoma antigen 125. * Represents p <0.05

Subgroup Variables P-value Hazard Ratio(95%CI)
pNI1+N2 !
Lobulation <<0.001 | (peeseasase e | 3.752-32.739
Spiculation 0.045 o4 1.012-2.652
Density 0.004 « 0.197-0.729
Lymphovascular invasion <0.001 1@l 1.820-4.841
STAS <0.001 ol 1.440-3.609
Lepidic pattern 0.031 o« 0.351-0.950
Micropapillary pattern 0.001 |’.‘| 1.397-3.535
Solid pattern <<0.001 1@l 1.589-4.525
CEA (ng/ml) 0.029 o4 1.055-2.747
pN2 !
Lobulation <20.001 I S LA 1 3.270-40.674
Lymphovascular invasion <<0.001 = 1.562-4.850
STAS 0.027 1.074-3.186
Lepidic pattern 0.027 0.282-0.928
Micropapillary pattern 0.004 1.282-3.713
Solid pattern <0.001 2.004-6.391
CEA (ng/ml) 0.009 1.200-3.504
ALK (D5F3 Ventana) 0.017 1.198-6.305

T T T T T T T TI
30 35 40

10 15 20 25
Hazard Ratio(95%CI)

Fig. 1 The forest plot of multivariate logistic regression analysis shows the association between various predictive factors and pN1+N2 as well as pN2.
The horizontal lines represent the 95% confidence intervals (Cl), and the red dots indicate the odds ratios (OR). A P-value of less than 0.05 was considered
statistically significant
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Fig. 2 Receiver operating characteristic curve (ROC) for predicting OLNM.
By combining nine factors (lobulation, spiculation, density, lymphovas-
cular invasion, STAS, lepidic pattern, micropapillary pattern, solid pattern,
CEA), OLNM could be predicted. The sensitivity was 92.8%, the specificity
was 77.0%, and the area under the curve (AUC) was 0.916

p<0.001), CEA (OR=2.051, p=0.009), ALK (OR=2.748,
p=0.017) were identified as independent predictor asso-
ciated with an increased risk of occult N2 lymph node
metastasis. Conversely, the lepidic pattern (OR=0.512,
p=0.027) was an independent predictor associated with

a decreased risk of occult N2 lymph node metastasis
(Table 3; Fig. 1).

Discussion

Lymph node metastasis is an early event in the progres-
sion of lung cancer and is not uncommon even in tumors
with a low clinical stage. According to the literature,
the incidence of lymph node upstaging in patients with
clinical stage I NSCLC who have undergone both radical
surgery and lymph node dissection ranges from 10-35%
[11, 16-19]. In this study, 167 (14.7%) patients with T1
lung adenocarcinoma were upstaged to pN1 or pN2 after
anatomic resection. Despite the widespread use of con-
ventional CT and PET/CT, accurate lymph node staging
remains challenging. Therefore, identifying OLNM is
critical to support treatment strategies for patients with
clinical T1 lung adenocarcinoma, ensuring timely treat-
ment and avoiding delays and overtreatment.

Thus, in this retrospective study, we conducted a com-
prehensive analysis of the clinicopathological character-
istics and CT features of all patients. First, our findings
confirmed that CEA was a risk factor for lymph node
metastasis, which is consistent with previous studies [20,
21]. This underscores the importance of CEA in assessing
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the likelihood of lymph node involvement in lung ade-
nocarcinoma patients. Consequently, surgeons should
exercise increased caution when performing lymph node
dissection in lung adenocarcinoma patients with elevated
serum CEA levels. Second, our study demonstrated that
solid nodules are more prone to OLNM than part-solid
nodules. Consistent with our findings, Xiao et al. [22]
reviewed 196 patients diagnosed with cTINOMO stage
lung adenocarcinoma and identified solid nodules as a
significant risk factor for lymph node metastasis. Fur-
thermore, additional studies have corroborated these
findings, indicating that a higher proportion of the solid
component in part-solid adenocarcinomas is significantly
associated with an increased likelihood of lymph node
metastasis [23, 24]. Additionally, we observed that clini-
cal T1 lung adenocarcinoma presenting as GGO on CT
scans seldom exhibited OLNM, aligning with the findings
of Wang et al. [25]. Specifically, solids nodules exhibit a
higher propensity for lymph node metastasis, potentially
due to their histological characteristics. As the solid com-
ponent of the tumor increases, the proportion of lepidic
components decreases, with acinar, micropapillary, and
solid structures becoming more prominent. This shift is
associated with increased local invasiveness and a higher
likelihood of lymphatic invasion [26]. Third, our analy-
sis revealed that tumor size does not have a significant
effect on lymph node metastasis in lung adenocarcinoma
patients, which aligns with the findings of several other
studies [11, 25, 27]. However, contrasting evidence exists,
as some studies have reported that the incidence of
lymph node metastasis increased with tumor size [17, 28,
29]. Moreover, some studies have suggested that the risk
of lymph node metastasis correlates more strongly with
the size of the solid portion of the tumor rather than the
overall tumor size [23, 30]. Given that our study included
GGO nodules, which generally exhibit a lower metastatic
potential, this could explain the discrepancy in results
observed between our study and others.

Regarding CT features, our study found that lobula-
tion and spiculation were significantly associated with
a higher risk of OLNM, and that lobulation was signifi-
cantly associated with occult N2 lymph node metastasis.
In 2023, Zhao et al. [31] similarly identified lobulation as
an independent predictor of OLNM in clinical IA-IIA
lung adenocarcinoma. Likewise, Li et al. [32] reported
that spiculation served as an independent risk factor
for predicting lymph node metastasis in patients with
peripheral lung adenocarcinoma. In contrast, He et al.
[33] did not observe any significant association between
lobulation, spiculation, and OLNM in peripheral non-
small cell carcinoma. Furthermore, previous studies
identified Type II pleural involvement — defined as a
single linear or cord-like pleural tag, or a tumor abutting
the pleura with a broad base (visible on both lung and
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mediastinal window images) — as an independent pre-
dictive factor for OLNM [33]. This finding does not align
with our results, which did not demonstrate an associa-
tion between pleural indentation and OLNM. Such dis-
crepancies may be attributed to differences in inclusion
and exclusion criteria among studies. For instance, our
study population may have included a higher proportion
of early-stage lung adenocarcinoma cases, in which pleu-
ral involvement is less pronounced, thereby reducing its
predictive value for OLNM. Additionally, we found no
association between the presence of an air bronchogram
and OLNM in lung adenocarcinoma, consistent with the
findings of Yoshino et al. [34]. Lobulated margins reflect
heterogeneous growth rates within different regions of
the tumor [35]. This heterogeneity typically corresponds
to enhanced cellular proliferation and increased angio-
genesis, thereby promoting elevated invasiveness and
metastatic potential [36]. As a result, the tumor more
readily breaches its primary boundaries, invades sur-
rounding tissues, and disseminates via lymphatic chan-
nels to regional lymph nodes, increasing the likelihood of
lymphatic spread. Pathological investigations have shown
that spiculation can be attributed to thickened interlobu-
lar septa, fibrosis arising from the obstruction of periph-
eral vessels, or lymphatic channels filled with tumor cells
[37]. Consequently, the infiltration of tumor cells into
lymphatic channels not only contributes to the formation
of spiculated contours but also facilitates nodal dissemi-
nation. These insights may prove valuable in predicting
OLNM in clinical T1 lung adenocarcinoma.

Molecular testing has been widely adopted in clinical
practice, serving not only to guide targeted drug therapy
but also to aid in prognosis prediction and patient charac-
terization. Patients with positive ALK expression tend to
be diagnosed at a relatively advanced stage, often present-
ing with nodal and distant metastasis [38, 39]. However,
the incidence of ALK alterations in early-stage NSCLC
ranges from 2-7% [40]. In this study, 53 (4.7%) patients
with T1 lung adenocarcinoma exhibited positive ALK
expression. We found a significant correlation between
ALK positivity and occult N2 lymph node metasta-
sis. Similarly, Seto et al. demonstrated that ALK rear-
rangements were significantly associated with a higher
incidence of OLNM compared to ALK-negative adeno-
carcinomas [14]. Furthermore, studies have shown that
lung adenocarcinoma patients with ALK rearrangement
have a poorer prognosis compared to those with wild-
type ALK [41, 42]. Additionally, ALK rearrangements are
more frequently observed in patients with poorly differ-
entiated lung adenocarcinoma [43]. Therefore, ALK posi-
tivity may serve as an important prognostic indicator for
predicting OLNM in clinical T1 lung adenocarcinoma.
Based on these findings, we hypothesize that performing
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radical resection in T1 lung adenocarcinomas with ALK
positivity may provide a curative opportunity.

In terms of pathology, lymphovascular invasion often
indicates early lymph node metastasis and suggests a
poor prognosis [44, 45]. Our study confirmed that lym-
phovascular invasion significantly increases the risk of
OLNM. The relationship between visceral pleural infil-
tration and lymph node metastasis remains controver-
sial [6, 11, 44], and it was not associated with OLNM in
our study. Moreover, the literature suggested that lymph
node metastasis in lung adenocarcinoma patients with
tumor <3 cm varies by histological subtype [46]. Specifi-
cally, solid and micropapillary patterns are significantly
more likely to involve lymph nodes than other subtypes
[47]. Consistent with these findings, our study demon-
strated that micropapillary and solid patterns are signifi-
cantly associated with both OLNM and occult N2 lymph
node metastasis. Furthermore, STAS has been recog-
nized as a novel invasion mechanism, crucial for patholo-
gists’ understanding of tumor behavior. In our study,
STAS significantly increased the risk of OLNM in clinical
T1 lung adenocarcinoma, consistent with the finding of
Vaghjiani et al. [48]. There is considerable evidence that
STAS is associated with lower survival rates and acts as
an independent prognostic factor, regardless of tumor
stage [49, 50]. Travis et al. [51] have suggested introduc-
ing STAS as a histological descriptor in the 9th edition of
the TNM classification for lung cancer. Accurate preop-
erative identification of STAS by pathologists could serve
as a crucial reference for selecting the optimal surgical
approach and improving patient prognosis. Addition-
ally, our results demonstrated that the lepidic pattern was
an independent protective factor against OLNM, with
a significantly lower risk of metastasis (OR=0.578, 95%
CI:0.351-0.950). Zhang et al. [52] through a multicenter
prospective clinical trial, found that the lepidic subtype
of lung adenocarcinoma has a 94.0% accuracy rate in pre-
dicting negative lymph node status. The presence of the
lepidic component could enhance prognosis prediction
in patients with T1 lung adenocarcinoma [53].

This study has several limitations that should be
acknowledged. First, its retrospective design may
introduce selection bias, potentially affecting the gen-
eralizability of the findings. While the inclusion of a
two-centered sample enhances the representativeness
of the results, the inherent constraints of retrospective
studies remain a limitation. Second, the absence of PET
imaging as a staging modality may have led to an over-
estimation of cT1INO cases, potentially influencing the
accuracy of preoperative staging. Third, the study specifi-
cally focused on patients with T1 lung adenocarcinoma
and lacked long-term follow-up data, which limited the
ability to evaluate the relationship between OLNM and
survival outcomes. Future studies incorporating survival
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analysis are essential for a more comprehensive assess-
ment of prognosis. Additionally, the relatively small num-
ber of OLNM cases in the sample reduced the statistical
power of the findings. Larger-scale studies with prospec-
tive designs are necessary to validate and generalize these
results, providing stronger evidence to guide clinical
practice.

Conclusion

In conclusion, our study identified several independent
predictors for OLNM and occult N2 lymph node metas-
tasis in clinical T1 lung adenocarcinoma, including lob-
ulation, spiculation, density, lymphovascular invasion,
STAS, lepidic pattern, micropapillary pattern, solid pat-
tern, CEA, and ALK. These predictive factors may assist
clinicians in assessing the risk of OLNM in clinical T1
lung adenocarcinoma, potentially informing more tar-
geted intervention strategies.

Abbreviations

95% ClI 95% confidence interval

ALK Anaplastic lymphoma kinase
AUC The area under the receiver
CA125 Carcinoma antigen 125

CEA Carcinoembryonic antigen

cT Computed tomography
CYFRA21-1  Cytokeratin 19-fragments
GGO Ground-glass opacity

LLL Left lower lobe

LuUL Left upper lobe

NSCLC Non-small cell lung cancer
OLNM Occult lymph node metastasis
OR Odds ratio

PET/CT Positron emission tomography/computed tomography
RLL Right lower lobe
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RUL Right upper lobe

STAS Spread through air spaces
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