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Predicting the HER2 low expression status in primary gastric cancer lesions using
'*F-FDG PET/CT-derived metabolic parameters

Li Jiangpeng, Tang Lijun, Li Tiannii', Zhou Ziwei’
Department of Nuclear Medicine, the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To investigate the predictive value of baseline *F-fluorodeoxyglucose positron emission tomography/computed
tomography ( "F-FDG PET/CT) derived metabolic parameters in assessing low expression status of human epidermal growth factor
receptor 2(HER2) in primary gastric cancer lesions prior to treatment. Methods: We retrospectively analyzed the clinicopathological
data and "F-FDG PET findings from 110 patients with gastric adenocarcinoma who underwent “F-FDG PET/CT examination before
treatment. Among them, 35 exhibited HER2 absent expression, 46 demonstrated HER2 lowexpression, and 29 showed HER2 high

expression. The Kruskal-Wallis H test and chi-square test were used to compare clinical characteristics and PET metabolic parameters
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among the three groups, followed by post-hoc pairwise comparisons (with Bonferroni correction for the significance level ). LASSO -
Logistic regression analysis was adopted to screen the influencing factors predicting HER2 low expression in primary gastric cancer
lesions and construct the predictive models. Employ the Bootstrap method Cinvolving 1 000 repeated samplings) for internal validation.
Plot the receiver operating characteristic (ROC) curve and compute the area under the curve (AUC) to assess the predictive values of
each model. Calibration curves and decision curve analysis (DCA) were adopted to assess the calibration and clinical utility of the
models. Results: In terms of clinical characteristics, there were statistically significant differences in the degree of differentiation and
carcinoembryonic antigen (CEA)levels between the HER2 low expression group and the HER2 absent expression group (P < 0.001).
There were also statistically significant differences in distant metastasis, signet-ring component, and CEA levels between the HER2 low
expression group and the HER2 high expression group (P < 0.001). In terms of PET/CT metabolic parameters, except for the minimum
standardized uptake value (SUVmin)at the 40% threshold, all other parameters showed statistically significant differences between the
HER2 low expression group and the non-HER2 low expression group (P < 0.001). LASSO-Logistic regression analysis revealed that
degree of differentiation, CEA level, maximum diameter of primary lesion, 40% and 80% total lesion glycolysis (TLG)were influencing
factors for HER2 low expression. Given the potential multicollinearity between TLG . and TLG s » two LASSOLogistic regression
predictive models (Model 1 and Model 2)were separately constructed by incorporating each of the two indicators together with the other
three parameters. Model 1 yielded an AUC of 0.668 (95% CI: 0.559-0.752, with a sensitivity of 87.0% and a specificity of 42.2%;
Model 2 achieved an AUC of 0.723(95% CI: 0.630-0.804) , with a sensitivity of 65.2% and a specificity of 76.6%. Calibration curves
and DCA demonstrated that both models exhibited favorable calibration and satisfactory clinical net benefit. In Model 1, TLGuo. was an
independent influencing factor for HER2 low expression, with an OR of 0.983(95% CI: 0.970-0.996, P=0.011) and an AUC of 0.387
(95% C1:0.283-0.491). In Model 2, TLGso served as an independent influencing factor for HER2 low expression, with an OR of 0.726
(95% CI: 0.586-0.898, P=0.003) and an AUC of 0.510 (95% CI: 0.399-0.622). Conclusion: “F - FDG PET related metabolic
parameters can noninvasively predict the HER2 low expression status in gastric cancer, and the combination with clinical parameters
achieves optimal predictive performance, which is promising for clinical application.
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B 12T $6 1 2025)HER2 43 20 5 vhE J2 AHIE 50 BE A
FO0F BT R 13T HER2 R84, 454 THC &
FISH 914 25 5o AWt 700 ) HER2 Rk RS 73N
34H: HC 3+ [HC 2+ H. FISH # 14 5 XN HER2 /&
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2 (European Association of Nuclear Medicine, EANM)
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B AH T 58, SRR A FACEE X 2 HOn 5 % HER2
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(standardized uptake value, SUV) A1 M. 5 % bt B &
(4090 60%~80%) 73 1 N [ i e A G4 A (metabolic
tumor volume, MTV)  40% & T 1] £ K SUV (maxi-
mum SUV, SUVmax) . #i /) SUV (minimum SUV,
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VA 2 73 13— 20 1T Bonferroni 1% 1E 1) 5 J5 R
PLAZ. 38 Id LASSO [A] V3§ 8 500 B g Jl 5kt
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NIAEIE P I AEAE - ¥ lambda.min B [5] 5 R ECA
O ZHIN Z K E Logistic [81 3 53 §7 , 74 22 7
MY, 232 4 52 3k & TAE R AE (receiver operating
characteristic, ROC) i 28 3 11 & il 2& ' 171 #X Carea
under the curve, AUC) VA PFAlti A5 Y Tt 2 g« K A
Bootstrap 7% (&2 #FE 1 000 VO FEAT P EBIAE . W
H Brier 777 I 22l A HE #h B PAT B R HEJE .
FH Il PR ke 55 1 28 73 #1 (decision curve analysis, DCA)
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2 # B

2.1 R R RILAIE LS HER2 R K69 X &

110 5] & J2 £ 2% vh HER2 $ 2k %34 35 441, HER2
KK 1L 46 ], HER2 1314 29 5l . 3 Ff HER2 %
RRES B B E AR CE A L B4
DL K CEA /K-F 77 TH 3 4k L 22 5 G il 24 3 X
(P <0.05). T3 2 & (Al 08 o BRSEAL JiR
RIEATE R R A AR L AJCC 43 A S5 44 1 5 T 2 A
Feii 2 R gt Lo b 3 AR L 2 S e
T B U S HOHIAT P ELEE, 45 3 7R HER2 I
FIEH 5 HER2 G AR R IE A R 7E /3 WL S CEA /K
PHMERA I E (P <0.001). HER2{KR
1520 5 HER2 573 1A 4H W) 76 2 Ak 7 7% « BN UR 7
CEA KT 2 A 452 L (P <0.001). CEA
IKFAEAE B PRI 22 e 5 A Gt L (P < 0.001,
=1,

22 BF-FDG PET# ¥ Kt A% 5 HER2 2k 09 £ %

#L A HER2 $ 2k %15 (HER2 ik 321k ) HER2 &
FIEBFH F-FDG PET/CT WL 1. 3F HER2 KA
ARAS ZH 18] B 40% BB R (1) SUVmin 41, o Ath 2 0%
b E RIA g EE (P <0.05) . M

AT B WAL 2 R B A G %2 (P <0.0167),
T MTV 4007 TLG 400n MTV 5002 TLG 600 LA S 40% RI{E
1) SUVmean fV7£ HER2 ik iA 4 5 HER2 i K5 41
[ Z AR 2 (P <0.001,%2) .
2.3 M HER2 1k & ik 6942 A 4 12 % 3 ARG 1745
15 10 $7 28 SCBRIE (1) 77 12 1 72 fe (N
2). AEEFRIEA=0.044,1g(A)=-3.121, K LAS-
SO [B] A i 146 H 5 A~ 5 10 B8] 2 B 2346 #2 FE L CEA 7K
LR R MK AR TLGuww 2 TLGs - TLGuws 5
TLGs0s 1T BEAFAEILZR M, MU B 5 H AR 3 NSk
LASSO-Logistic [FIVA TR 1 #8412, 25 R BN
BLAL 1 T HER2 K 3R 1A 9 AUC N 0.668 (95% ClI:
0.559~0.752) , RABE N 87.0% , 5 5 N 42.2% ; fi
A2 T HER2 K 383X 1) AUC 2N 0.723 (95% Cl:
0.630~0.804) , R & 4 65.2% , ¥ 5 FE N 76.6%
(B 3). PR I A o it 2R 38 0o S B s 1L 5 Tl
gl B HAT B 1) — B0 S Brier Y420 20 51N 0.216,
0.203; DCA #4225 3L 2 7= A AL 1) B A I PR 15 3K 26
(KBl 4). HrhZ K&K Logistic [ 177 #r 45 5 & 7R f
A1 H TLG 10, OR=0.983(95% CI: 0.970~0.996) , P=
0.0111°8 HER2 A& 3 35 (1 34 57 52 M (K] 2, AUC N
0.387(95% CI: 0.283~0.491). 72 H TLG 4, OR=
0.726(95% C1: 0.586~0.898) , P=0.003 ] HER2 {k.3&
K R ST 2 M IR 3K, AUC 4 0.510(95% C1: 0.399~
0.622).
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B 5550 R 77 AH 45 33 PR RN 55 WL SN AN 2% i
T BEAE 2 HER2 i 0k S35 VR 7 it 24 PR 1y 1), B8
fE HER2 (K218 B8 3% o g B0 tH B 3 R G R R ™
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B AR HER2 KRB B E L) 15 41.8%, X5
BEAE AT 70 45 SR AR, 47 B o A HER2
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Table1 Comparison of clinical and pathological characteristics among different groups of gastric cancer patients

HER?2 absent HER2 low HER2 high
Variables expression(n=35)  expression(n=46) expression(n=29) XM P
Sex[n(%) ] 1.490  0.475
Male 23(65.71) 32(69.57) 23(79.31)
Female 12(34.29) 14(30.43) 6(20.69)
Agelyear, M(Pss, Prs) ] 66(57,74) 67(56,72) 68(66,76) 2.177  0.337
Tumor location[n(%) ] 5.328 0.506
Cardia 7(20.00) 12(26.09) 8(27.59)
Fundus 3(8.57) 1217 8(27.59)
Body 15(42.86) 13(28.26) 11(37.93)
Antrum 10(28.57) 20(43.48) 2(6.90)
Lauren type[n(%)] 8.999  0.061
Intestinal 7(20.00) 18(39.13) 15(51.72)
Mixed 14(40.00) 17(36.96) 10(34.48)
Diffuse 14(40.00) 11(23.91) 4(13.79)
Maximum tumor diameter[ cm, M(Pss, P:)]  6.26(3.50,7.59)  5.50(3.39,7.00) 6.50(4.55,9.00) 4.145  0.126
Differentiation[ n(%) ] 8.138 0.017
Poor 31(88.57) 30065.22) 17(58.62)
Moderate 4(11.43) 16(34.78)* 12(41.38)"
AJCC stage[n(%) ] 8.456  0.172
I 2(5.71) 2(4.35) 0€0.00)
I} 4(11.43) 7(15.22) 1(3.45)
I 15(42.86) 15(32.61) 7(24.14)
v 14(40.00) 22(47.83) 2107241
Distant metastasis[n(%) ] 8.945 0.011
Yes 14(40.00) 22(47.83) 22(75.86)
No 21(60.00) 24(52.17) 7(24.14>"
Signet ring component[ (%) ] 15.955 <0.001
Yes 17(48.57) 13(28.26) 1(3.45)"
No 18(51.43) 33(71.74) 28(96.55)"
CEA categorical[n(%) ] 44.444  <0.001
=5 ng/mlL 6(17.14) 27(58.70)* 29(100.00>"
<5 ng/mL 29(82.86) 19(41.30) 0™
CEA[ pug/L, M(Pas, Py5) ] 2.17(1.37,3.89)  7.07(2.83,18.22)" 30.73(19.63,82.90)" 52206 <0.001

The serum CEA detection utilizes the standardized testing platform of our hospital " s clinical laboratory, with a cutoff value of 5 ng/mL (the recom-

mended upper limit of normal reference for the reagent kit, which is the commonly used threshold in domestic clinical practice).Comparisons of age, le-

sion length and continuous serum CEA levels among the three groups were performed using the Kruskal-Wallis H test, while the x* test was adopted for

comparisons of the remaining categorical variables. Post-hoc pairwise comparisons were performed using the Dunn test with Bonferroni correction ap-

plied. a: compared to the HER2 absent expression group, P < 0.016 7; b: compared to the HER2 low expression group, P < 0.016 7.

KRB NFFIEEUE K, HER2 IR IB R AS B H 1R
WA IZ NBERE TS BT HER2 S8 AT Th 32 25 AT

H A, FAREE R 2H 230 THC B & FISH il &
TS HER2 RIERAS M SAnife” B Z I VLA
Q)P 55 o] A S B, 30T 4 SR R R 22 PRI T [l PR R
JEARNE R R AT B, 045 B FH IR P 2 S A Y
ST B IR ER D) YL DL T RETE CT E S 40

TN B EHER2 RIA™IZE, *F-FDG PET/CT BA
N )2 e AT E A AT R A R A
PE R4 B — ol UL S50 A, O 2 Tt 78 i sk
HARUW S BT P B i HER2 FiA M, Park %52
WF 58 R B, HER2 FH %411 PET A 2 5 SUVmax
B T . AW HER2 RILIRE 0 R
34, M K IEMTV 500 TLG 5o SUVmax B 2 HI 7E
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A: A 76-year-old female patient with poorly differentiated adenocarcinoma of the gastric cardia, showing HER2 absent expression, IHC score 0,
TLGu«=123.4 g, TLGs0,=1.43 g, CEA=2.86 ng/mL. B: A 64-year-old female patient with moderately differentiated adenocarcinoma of the gastric antrum,
exhibiting HER2 low expression, IHC score 1+, TLGuw=127.55 g, TLGs=4.67 g, CEA=7.12 ng/mL. C: A 77-year-old male patient with poorly differen-
tiated adenocarcinoma of the gastric cardia, demonstrating HER2 high expression, IHC score 3+, TLGu0x=34.42 g, TLG5=9.16 g, CEA=34.10 ng/mL.

1 BEEE"F-FDG PET/CT Zi&RE &
Figure 1 "F-PDG PET/CT images of patients with gastric cancer

*2 T EEBREEENF-FDG PET/CT xR SH L
Table 2 Comparison of *F-FDG PET/CT-derived metabolic parameters among different groups of gastric cancer patients

[M (P, P ]
Variables HER2 absent expression(n=35) HER2 low expression(n=46) HER2 high expression(n=29) H P
MTV.p(cm®) 3.77(1.34,7.20) 4.67(2.07,8.62) 10.70€6.12,23.42)" 22.070 <0.001
MTV o (cm®) 0.37(0.16,1.37) 0.83(0.43,2.09) 3.48(1.59,4.85)" 29.519 <0.001
MTVspe.(em®) 0.05€0.02,0.08) 0.17€0.06,0.27)" 0.64(0.37, 1.05)" 55418 <0.001
TLGu0s(g) 10.37(4.88,26.42) 16.81(6.79,35.32) 60.51(30.22,132.95)* 31.775 <0.001
TLGe0s(g) 1.28(0.46,4.97) 3.25(1.60,6.24) 19.71(8.41,33.25)" 42.647 <0.001
TLGs0s.(g) 0.15€0.09,0.30) 0.85(0.41, 1.58)" 7.80(2.77,10.83)" 71.029 <0.001
SUVmin 1.41€0.88,1.95) 1.32€0.99, 1.63) 1.18€0.78,1.76) 1.356  0.508
SUVmean 3.16(2.34,4.21) 3.45(2.63,4.25) 5.26(3.35,6.88)" 18.401 <0.001
SUVmax 5.30(3.73,6.17) 7.27(5.54,11.73)" 19.10(11.48,22.00)" 58.162 <0.001
HI 1.57(1.44,1.75) 2.21(1.92,2.73)" 3.30(3.11,3.87)" 77.203  <0.001

a: denotes a statistically significant difference compared to the HER2 absent expression group, with P < 0.0167; b: denotes a statistically signifi-

cant difference compared to the HER2 low expression group, with P < 0.0167. Post-hoc pairwise comparisons were performed using the Dunn test with

Bonferroni correction applied.
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A': Cross-validation plot. B: Coefficient distribution map regression.
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Figure 2 The best A\ value was selected by 10-fold cross-validation
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Figure 3 ROC curves of model 1 and model 2 for predict-
ing HER2 low expression in primary gastric can-

cer lesions
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Figure 4 Calibration curves(A) and DCA curves(B) of the prediction models
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