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Abstract

Background and Objective: To investigate the predictive value of E-cadherin and M2-polarized tu-
mor-associated macrophages (TAMs), identified by the biomarkers CD68 and CD163, for the patho-
logical subtypes of spread through air spaces (STAS) in patients with non-small cell lung cancer
(NSCLC). Methods: A retrospective cohort study was conducted on 60 patients with NSCLC accompa-
nied by STAS who underwent curative-intent radical resection. Inmunohistochemical staining was
performed on tumor specimens to evaluate the expression levels of E-cadherin, CD68, and CD163.
The correlation between these molecular markers and the distinct STAS morphological patterns
was subsequently analyzed. Statistical assessment was conducted using the chi-squared test and
multivariate logistic regression analysis. Results: Based on the predominant growth pattern of tu-
mor cells within air spaces, STAS was classified into three subtypes: single cell, micropapillary, and
solid nest. Multivariate logistic regression analysis revealed that low expression of E-cadherin (P =
0.035) and high expression of CD163 (P = 0.042) were independent predictive factors associated
with the different pathological subtypes of STAS. Conclusion: E-cadherin and M2-type TAMs (as de-
fined by CD163 expression) are significant molecular markers for predicting the pathological sub-
types of postoperative STAS in NSCLC. Early identification of these markers may facilitate the pre-
operative or postoperative recognition of individuals harboring high-risk pathological features,
thereby informing personalized treatment strategies and potentially improving clinical outcomes.
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1. 518

BN AR RSB RIET E BB 2 —, L A AR 20 GLOBOCAN [
K, W — B AL T B R A [1]-[4]. AR ERSSAYT &, M £ B AP AR /N R
(Small Cell Lung Cancer, SCLC) A1 /) 4H g fifi# (Non-Small Cell Lung Cancer, NSCLC), F:# NSCLC /4 85%
PAE[5]. Bl H Alm o gt SR Z 58 0038 . N R = IRk IS T RUTa Ak i 4 B i A 1 56
6 DL S B AL AR B SRR B2 R S it R 2 W 5 R T S5 L CA5 21 2 2 2 [6]-[10] - {H &, NSCLC
PG IEASRI, B M TUEAFRION 10%, A RGEKEE AN SEE U752 280 I AR S8 B i
R — AN IR Bhik [11] . SIE % H(Spread through Air Spaces, STAS) & it (1) —FiZ 28 AR K =, 3
T B 255258 U = 9 4 R i Ak P R T B e B, DA BRI L AL SR A %2 e S 1 4 e (41 ) TR 3G
IR 2 R A, SHE S Lo S ) it R s B AT IE R [12]-[15] . 2 WU L CLUESE, STAS JENilifiEiE[16] [17]
T GIR A A [ 18] 8 ARG AN RIS O BN R 25 . SAT0, 9K STAS AN [R)Ji 23 BY (138 EATL I A~ BH
o DRIEXT STAS AHF I 3 S I R B 78 B 0 B4
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Jib 988 AH =% 5 14 41 it (Tumor-associated Macrophages, TAMSs) 2 fil 8 #3434 2 (Tumor Microenvironment,
TME) B ZZ B R 7, B DUl R A KR 7 4B AR g, D s 1) 3 e 10 R 4 R ik
WEE, S EUMR AR EE B R AR O RS [19]-[22]. HR4E TAM HIBGETS AL, Zr & sl i | BYE M1
TIEGEA I, DRSS B a9 11 B4 M2 BY ELEA ffu [23] [24]. HorbLh CD68 #1 CD163 FKIA ML M2
B TAM J8d 5034 CCL18. CCL22 /5571 T 41 /i (Treg) M &6 R M| 40 ii(MDSC), ¥ i S e $ f 3h
BRI A A A, SRAR I R A KNG RS [25]-[27]. B 4h, bR - [)J5i # 4k (Epithelial-mesenchymal
transition, EMT) & 20 i Y kA AR B DG B, HAE AR BIRAS TG K B B0 E 22[28] . HiX—id
FEAE MR T4t i Ja B, S IRBNAH MM B b AR AS IR IR R BRI, (20 M RAS IR SR 28R ), X
55 g R B R v o B DG HER[29] [30]. e, s EA SRR MIFR SN Jy E-cadherin, A WFFTIESE, E-
cadherin [¥) 7% %155 NSCLC BK . AR SN ALV AT N B VIA R [31] . AT IT B LEVFAS R B 43
¥ E-cadherin [ZRIEF M2 B! TAM [FIREXT STAS HIAS A5 B A e A2 2 7= 2R 1 520 o

2. MB5EFE
2.1, —M¥ER

e 2019 4R 1 & 2022 4 8 F WIIRIAE T & K= i Jas 15 e 132 32 UM - ) ok s i - D0 B3 im 22 e 1k 2
ZETEFA 1~111 3] NSCLC f8 MR K 55 IR W AL 20 AR A . FERRARHEELES: 1) RAETE B KM R =
BEREAT B E TS K R . 2) AHRENGIT HI R . 3) ol FIIMEREA . 4) & JF H Al 2R AL E Y &
o 5) IMRBERIASEREAET B o RIS EH IOTER] L SFEY . SR AR Sz I s RO 2
IR TNM 2381 PRI, ARG . PD-L1 RIE SR IR R B RFE R} 0k BE R R AR O B
VilfTa]: b 2025 4 3 . IR 2 IR Y SR EE AR R G 2 58 9 Al TNM 20 31 T iHif 7

2.2, (ALAEETLE

NS S8 i R KR 1) 2 4205 B2 SO PP RS - PR (H&E) Rt g DI A o 2 2 1P Al 2 AN
ZH5BHEMIGIKIZIT . IR4E 2021 -1 7 B A 20 ZU(WHO) it 7 Fbr i, ) FH s BRARFAE NS < R 25
DN A A (A EEG B AR RO AE, JE e Z0m o B 200 7y o5 LE/N T 20%) Bl sk (WA 32 2R
AL IARAE KRR, To o Besy B 20 By o B /INT 20%) A stk 5 = (5E SUNAFAE & HE 20%
BV sy s SO S AR SENE . LKA R 2 IRAR S5 ), 2 W AR R AR AEOR T R AR
TG AT BB A R =R LR, B R A AR T R AR A, HEE R
MRIA% > 1A IG5 IE AR U] F 60 DA R AR S A R, e G DRI G v 4 P T 5
FHORA.

2.3. BEEL(IHC)FR &M NSCLC B MEA LA MBS IEEHLEH E-cadherin EEM
CD163, CD68 FiktEM

WU BRI Frba A, YR il 5 7k46, BT EDTA FUEMBE MR (pH 9.0)4, Ik E s 55 E
A, FIREZMAIAH G TG, V)4 PBS (pH 7.4)%6%% 31X, 3% BSA =ifE 14 30 4r4h. 7F
4°C T 437 F E-cadherin —#71(1:1000 #i%. Abcam A#]). CD68 —#1(1:200 #ifk. &HFEMAEY). CD163
—Pi(1:500 Fike. BEMEMWE LR . PBS Pk 3 K, IIALZEYIR 19G —Hi(1:200 Fikk. HEME
V), =il NEOLIFE 50 min. £ PBS Pik 3 X, N DAB AR M. 5, S@HARRERE. #T
IR, BEHREHK BT, JFRI RS . A AL R A R MR (0 A
JEFE, Nikon Eclipse Ts2) T M%<, E-cadherin 4 g A TR 4H 2y, CD68. CD163 Y:tiiE i T TAMs. i
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G |Bvi = i e P s A Tl e Vi R R R ik i O S o = O e B R SR el O N o = A 3 B
0 (0~25% i AL PH )« 1 (26%~50%FrI4H B RH )« 2 (51%~75%FrI4H A BH 14:) AT 3 (76%~100% 14 g BH %) -
FAM, FEGL BRI 0 (ERIE) B 3 (MEIR) AT 40 3. MIIE S S LERIREEPE4), 13 thARE A B 1R
KVESy, EVrAE 0 Bl 6 Z[Al. FESE R PP, X T BOTE o A —BURE ], B AR B S GE
JEFEE Y AT R, BEEARIR. & 14 E-cadherin, CD68 il CD163 #e i i3 14 K%

(A) E-cadherin J+ [, B EJTHEPNFR N E-cadherin Yo 2x XIH, (B) S J7HEN E-cadherin Jff 20x [X
. (C) CD68 JLttuld )}, BOITHENFR R CD68 Yty 2x [XiK. (D) EJTHEN CD68 4t 20x Xk, (E)

CD163 #etaR fr, S j7HE KR CD163 Yt 2x X1, (F) HAaJ5HEA CD163 Juth 20x [X 5.

Figure 1. Representative images of E-cadherin, CD68, and CD163 staining
1. E-cadherin, CD68. CD163 X R E &

2.4. Gt AT

AR AT KA IBM SPSS 27 fil R 4.5.0 AT EHRE 7 b FFE IESOAARTETR L X +s
For. ALK Pearson K5 KL 5 Fisher-Freeman-Halton FERIRE L . 4R 22 AN BE 255055 B R 1

PRALEN, S fE AT T ORI &R K Z R R £ Tt Logistic [F1VA5 4T, BEALHLA P BE E L Hosmer-Lemeshow #6:
3 LA X £l R? (Cox & Snell. Nagelkerke 1 McFadden)i#t47 34l {3 FH Pearson #H ¢ PEAS 36 PR 1+ 78 & 2 [H] 1)
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KE, WOREDERAR A A5 B SR EORIR AR B DU R U A . T Stit i A P < 0.05 v ZEREA
ek B BE AT BE N 5%,

3. R
3.1. STAS 5llaRiRIBIFHER X F

AWFFLILGIN 60 1 1~111 NSCLC fitifs 3, AL 4ERE A 59 % (VulH 44~75 %), Lot 5 NI 78%
(47 B ). FRATIZHE STAS R EESS ALK 60 B B F 0 Nl gl kal. setdd, @EEITAN
Sk S NI ST S N SR B A, (K 2 = FH AR R RIS . Horh, Stk SR TNM S

N~ (P = 0.010), ZEVER. FRSERMET M AE (L 1), “FIIBETIN a2 30 M H CFAME + e
#. 304N H). BEVTIE]L, 20% (12 9 ) Fm el B E K .

o
ey -

(A) TR LR AN IX 38, BEIETT R~ STAS AN (2X) X 5. (B) BEIETT N STAS HAIAAE(40X).
(C) BMIETHRR STAS Ml k@x) X, (D) BEIEJ) N STAS ML k#H(40x). (E) HBIETEER
STAS S EH X)X K. (F) BEIEH LN STAS SME S (40X).

Figure 2. Localization of primary tumors and STAS was determined by hematoxylin and eosin (H&E) staining
Bl 2. By - RLA(HE)REMHER KL ME STAS BIE(L
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Table 1. Clinicopathological characteristics of NSCLC patients with different types of STAS
% 1. [ STAS 28! NSCLC B &I RFIRFHE

STAS Jji iKY
Bt - X Ve P value
k20 o) LSk S L
pESan 60 18 29 13
5
7 47 15 (83.3) 22 (75.9) 10 (76.9)
0.39 0.847
Eiyis 13 3(16.7) 7 (24.1) 3(23.1)
ERS
<59 28 12 (66.7) 12 (41.4) 4 (30.8)
4,54 0.103
>59 32 6 (33.3) 17 (58.6) 9 (69.2)
R A sk
NS 43 15 (83.3) 21 (72.4) 7 (53.8)
3.25 0.197
M A 17 3(16.7) 8 (27.6) 6 (46.2)
ECOG
0 29 11 (61.1) 15 (51.7) 3(23.1)
1 29 7(38.9) 13 (44.8) 9 (69.2) 5.32 0.180
2 2 0 1(3.5) 1(7.6)
TNM
I 38 11 (61.1) 23 (79.3) 4 (30.8)
9.16 0.010
[~ 22 7 (38.9) 6 (20.7) 9 (69.2)
FARITA
it -] 12 4(22.2) 6 (20.6) 2 (15.3)
0.24 1.000
i) 48 14 (77.7) 23 (79.3) 11 (84.6)
CEA
R 43 4(22.2) 22 (75.9) 7 (53.8)
2.62 0.270
THE 17 14 (77.8) 7(24.1) 6 (46.2)
PD-L1
ARIE* 38 10 (55.6) 21 (72.4) 7 (53.8)
(e g 16 8 (44.4) 4(13.8) 4 (30.8) 7.35 0.092
fFRIL* 6 0 4(13.8) 2 (15.4)
P B AR
iR 56 15 (83.3) 28 (96.6) 13 (100.0)
4,99 0.057
e 4 3(16.7) 1(3.4) 0

E: ARSI AL E P EL ) B (TPS) < 1%; fKFRIE: 1% < TPS <50%; 3R iE: TPS <50%.

3.2. ¥5ME49rFF M2 B TAM 5 STAS RHEK R L K 8 K B 8948 =M
FATE Se I E T PR AR 2 A E IR B FOZ B FE S (maximum distance), FRAZEE A 1395 mm (FE
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238mm~5618 mm). [EINSiit 7 AE K B AR, oA RBEEE =5 MRS R E (n =53), <5 1)
RAEEH(n=7). 1%, AT CD68. CD163. E-cadherin Juta 5 ELIEM bR 0 At 00, 45 R EoR, &%
VIR HUIE B (p = 0.66). CD68 15 h(p = 0.63) /2 CD163 5 Lt(p = 0.52)1 o 5 7 4 5 b &8 w5 i IEAH 9%,
ifi E-cadherin (5 tb(p = —0.67) 5/ HEAHG. BEfE, AT XK 2 F3REF M2 B TAM fEEE LA E
FEAERIE S, BAVEH T 0~6 2 VP 0 RGVEIN TRAR AR L, SR 54t 5 l—5, CD68 JLfiif
53 (p = 0.46) Jz CD163 et iF 53 (p = 0.53)¥) on th 53 240 2 R 2 & fE IR ARG, 1 E-cadherin 2 E43F 53 (p =
—0.49) 55 73 H B2 FUAHIG . T B R A 5 K 2 U B A DG 855 (o] < 0.25), X5 CD68 (i Ll 7y 4H &
MESIEM (0 = 0.23), WK 3.
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Figure 3. Spearman correlation heatmap: STAS-associated factors and recurrence by subgroups

3 SEEHEXERURELRIBFAS HEZEHEXE Spearman A&

3.3. #MIFF M2 B TAM 5 STAS fREEER Ep0 BV 5347

N BEB TR 2 T M2 7 TAM 5 STAS JR L8 A0 7 [A] (A e, AT SE i 7 STAS i
2R 5 CD68. CD163. E-cadherin fitbffoc R, 45 E7R, CD68 (OR =1.034, [95%Cl: 1.022~1.046], P
=0.000). CD163 (OR =1.025, [95%Cl: 1.014~1.037], P = 0.000) 5% #25M & [FA1 %, CD68. CD163 f&bx
Tt N fERE R 25 E-cadherin S5 EE S 5 A 5<(OR = 0.969, [95%Cl: 0.959~0.977], P = 0.001), E-
cadherin FRFRIITHEC NIRY IR &R . TG iHE—25 081 T STAS Ji#i2EM 5 CD68. CD163. E-cadherin 4t
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W Tebr 2 A &, 45 R 53t 5 H—%((CD68: OR = 1.660, [95%Cl: 1.204~2.286], P = 0.011; CD163:
OR = 1.749, [95%Cl: 1.370~2.230], P = 0.000; E-cadherin: OR = 0.642, [95%Cl: 0.518~0.795], P = 0.001), .
*® 2.

Table 2. Relationships between STAS characteristics and CD68, CD163, and E-cadherin expression
%2 2. STAS WIT R4S CD68. CD163. E-cadherin AR 2 [E/HX &

OR 95%ClI P value

FrECECE 1.956 1.054~3.629 0.075

RO RO B 1.003 1.001~1.005 0.002
CD68 5t 1.034 1.022~1.046 0.000
CD163 itk 1.025 1.014~1.037 0.000
E-cadherin /Lt 0.969 0.959~0.977 0.001
CD68 JL i ¥4y 1.660 1.204~2.286 0.011
CD163 ity 1.749 1.370~2.230 0.000
E-cadherin o i¥-5y 0.642 0.518~0.795 0.001
2R 1.375 0.890~2.125 0.225

Table 3. Comparison of multiple models for multivariate Logistic regression analysis
# 3. FRERIZE R % T Logistic EYAN

ZHEE ST
TR AL B VS Lk A VS Ttk

OR 95%Cl P value OR 95%Cl P value
L]

TNM 1.045 0.483~2.262 0.910 1.837 0.838~4.028 0.129

E-cadherin /it 0.484 0.246~0.951 0.035 0.482 0.245~0.960 0.035

CD163 5tk 1.124 0.969~1.305 0.122 1.164 1.006~1.347 0.042
T 2

TNM 0.509 0.140~2.499 0.406 0.840 0.170~4.149 0.830

E-cadherin /Lt 0.412 0.148~1.146 0.089 0.412 0.148~1.151 0.091

CD68 it 1.375 0.764~2.474 0.288 1.453 0.804~2.628 0.216
B3

TNM 0.912 0.521~1.565 0.747 1.643 0.934~2.890 0.085

E-cadherin 44 £4i¥-5> 0.037 0.006~0.212 <0.001 0.086 0.013~0.589 0.012

CD163 #:faif4y 2.540 0.373~17.300 0.341 10.157 1.340~76.979 0.025
Y 4

TNM 0.935 0.539~1.620 0.810 1.705 1.001~2.904 0.050

E-cadherin 4L {a.if 5 0.032 0.005~0.207 <0.001 0.057 0.008~0.400 0.004

CD68 - ti ¥ 51 3.914 0.682~22.471 0.126 6.199 1.000~38.437 0.050

DOI: 10.12677/acm.2026.1641530 2765 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641530

FHEB 4

% &3 E-cadherin, CD68. CD163 [/ bt LA S G ta ¥ 2 [RIA7AE 5 AH IS, HLAT SCAT IR 1Y) Spearman
FHE> M iR, CD68 5 CD163 IR IA/K T 5 5.3 IEAH(r = 0.65), H.H LS F b A7 L EfL,
TP RAAAERGR A S, 5 IR IN 2 R 3R Bl AR 1] e 22 S B S B AN HER, BRI A U PE
82 N F % 7t logistic [0 95047 43 BRI 45 CD68 5 CD163 HIM R4 . 45 IR, Hefufim
ARSI BT (H5 R? = 0.698~0.797, P < 0.001) AT AL 1, iz A SIS0, CD163 5
tb#1 E-cadherin 5 Lt. HHULRITS E-cadherin 5 LU %5 S A M S8 Y 5 7 ALk 25 1 (OR = 0.484, [95%Cl:
0.246~0.951, P =0.035). sk #1257 (OR = 0.482, [95%CI: 0.245~0.960], P = 0.035) {37 il [K F-; CD163
i bE 2 5 1 4l S 5 s B 2R F 57 T ] (OR = 1.164, [95%Cl: 1.006~1.347], P = 0.042), i
S0 W B B35 DTk (P = 0.010), (HTEEARPI P LA H R IA B (R 3).

4. ¥1ig

i 5 it 7 2 R () AN BT v, S0 it e P e L A bk ke B v [32] « AR 4 5 ] Bl S e hE 404 J2E (NC D B)
IBE Bor, |3E  E ) — B4R BT, 1\ S I L — BLAE B4R R E[33]. H AT, FARIIR
Fe VAT R ) — MR B T B, (RS A UK 23 E][34], STAS fE 2015 4 WHO fitifih
T AP A — OB K12 2845 20 [35] . STAS CLkff i AR /N4 i filides (NSCLC) £ 3 52 R FIAE A7 A
PTG 4R R, X —RIMWAER] 7 REAREZE PR 308, HAEEBR B0 R B BA S o 15 3 5HiE
[12] [13] [16]-[18] [36]. [Flik, FE#ERAHMING STAS BFH IR fEHZ, FEARHEIX L fE G PR 2 R BUE 4 1976
JYHE I, VT RE 2> A G R T TR it B PG o AT DU AF AR S IR ARG T 1HR

STAS 15 Jgliiifes i) —Fh B 2 HAR IR #2072, AN T AT Btk 2 4% 5 [37]. #£ STAS 1, E-cadherin
(R BE 2 I R A A e B A . E-cadherin & 24 IR fiti vt b iz 20 B AN =2 /<85 B R 2 B A R 400 i [ B
TEERME %05 T [38] HIk T BT REE 2k, ELHE T BUM R M 2 (ARG 5 T AR 5,
R EL AT RS g 7 (1) BN 4 M B 40 A % [31] . EX it E-cadherin () N iR /2 EMT 28 stubyr 5 [28]. 24 ity 40
it ] 35 K] R AR B MO 1545 5 (A B4R KR A= W) 4B EMT, E-cadherin JF46 N R[39]. &4 EMT (#8340 i 4>
W CSF-1. CCL2 S5 b N 1, KA M40 S = MR A, IR ARk M2 Y B4 g [40] [41]. T
M2 B! TAM "l 73 TGF-B EGF 8 4Hiu A1, LLS5 b JE e T Mg gn i [42], 2 — B4 E-
cadherin IRIE, HIERILRIREE T, TR — A IERIBIEIA[27].

KT TR, CD68. CD163. E-cadherin ()5 L LA Gt i 73 Fl STAS AN [R5 BEE A 2 [AIfELE
WEARME. ALK, CD68 (k. CD68 Juttif-s;. CD163 Bt i/ A CD163 it on i 5404
S E R IEMSE, E-cadherin &5 LA E-cadherin Y P4 502 M. Bh4h, E-cadherin & LE 2 45
BRI S5 S SEPE BEZT M BST IO Rl 7 CD163 7 b2 X 1) B 20 i 2H 5 A st 5L () ik ST
M T FIRFER S BRI STAS HIE4ES EMT RS U1, RSS2 3 G 2 R 5% (0 S i A1
.,

AHFFEAGESE TR 27 M2 B TAM 508 R 225 IERIAR S, & k& E-cadherin FiI
CD163 43l nf F TR B4 HE L WA Wl et . (BJE, ABFFANAAE SRR, B4, HTABR
J& T RO R AT, HEEARREAE, FI g5 0T 6852 203 B A 7 BOm SR sz, SRRt
FRFEZ O RFEARSIPISIERATM R I FR, A AR F M, A 7 RIS 1
D)5, BB B VAR T B . AN, AW R B TGRS g AR AR R N
Bk S AR, RCRBERURE FE T BRI N I TARHESE— PR . B, AR R
/R, REGEHE K STAS AFEHEER AR, KA GERiN CD163 il E-cadherin & 5 2 A
TR B AE A B R RS IR RE JT, AR S AE A Z G 1) Bt 9 3485 &+ POk e 30 iE L PE AR AL
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22 TR, E-cadherin 5 CD163 5Lt /2% 5 STAS ARl BRI A Fph 2 T R F . AR FCiE R 1 kS
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