OPS/images/fonc.2025.1651843/fonc-15-1651843-g003.jpg
=
=

== low risk

—— high risk

2w L2 @
o N = o

e S o
[T RS

Progression-free survival probability
o S

o
Il
<
(=
i i R
[ol]
¥

ot
o

0 12 24 36 48 60

Time(months)
Number at risk

lowrisk 46 22 10 2 1 1
high risk 69 19 5 1 0 0





OPS/images/fonc.2025.1651843/fonc-15-1651843-g004.jpg
= &2 = B
o N »® o o

[ I O R ]

Progression-free survival probability

al = — - - R

P

Number at risk

lowrisk 95 39 13 2 1 1
high risk 20 2 2 1 0 0





OPS/images/fonc.2025.1651843/fonc-15-1651843-g005.jpg
1.0
0.9

ity

i)
2{ p=0014

Overall survival probabil

0 12 24 36 48 60

Ti th
Number at risk o e

low risk 60 52 35 21 6 1
high risk 55 41 17 10

w
(=]





OPS/images/fonc.2025.1651843/fonc-15-1651843-g001.jpg





OPS/images/fonc.2025.1651843/fonc-15-1651843-g002.jpg
Patients receiving immunotherapy
for lung cancer, 2018-2023.

N=841

Patients who did not undergo
PET/CT. N =643

Patients who underwent PET/C before
immunotherapy. N=198

Patients with small cell

Lung cancer. N=51

Patients with NSCLC who underwent
PET/CT before immunotherapy. N=147

Medical records were
complete or failed to
follow up. N=32

Patients with PD-

L1 expression,
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Patients who met all inclusion and exclusion
criteria. N =115






OPS/images/fphar-16-1559236/fphar-16-1559236-g006.gif





OPS/images/fphar-16-1559236/fphar-16-1559236-g007.gif





OPS/images/fphar-16-1559236/fphar-16-1559236-g008.gif





OPS/images/fphar-16-1559236/fphar-16-1559236-g002.gif





OPS/images/fphar-16-1559236/fphar-16-1559236-g003.gif





OPS/images/fphar-16-1559236/fphar-16-1559236-g004.gif
= e oL R
O”N@‘O Bt muiﬁej‘iﬁm mux,@‘x“,w,

- wars) cuers





OPS/images/fphar-16-1559236/fphar-16-1559236-g005.gif





OPS/images/fonc.2025.1580166/table5.jpg
Classification and typi

gastric adenocarcinoma

Lauren classification

Histological grade

Diffuse

Enteric

Hybrid
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Low polarization

ariable
MTV
TLG
MTV
TLG
MTV
TLG
MTV
TLG
MTV
TLG
MTV

TLG

B (95% CI)
-0.15 (-0.28, -0.02)
-0.002(-0.02, 0.01)
-0.22 (-0.39, -0.05)
0.001 (-0.02, 0.02)
-0.18 (-0.34, -0.02)
-0.003 (-0.03, 0.02)
-0.30 (-0.47, -0.13)
0.005 (-0.01, 0.02)
-0.1345 (-0.27, 0.00)
-0.0040 (-0.02, 0.01)
-0.1787 (-0.50, 0.14)

-0.0205 (-0.09, 0.05)

P-value
0.018
0.805
0012
0.92
0.025
0.75
0.001
0.4
0.0576
05853
0.2597

0.5435

(95% CI)
0.78 (0.65, 0.89)
052 (0.41, 0.64)
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058 (045, 0.71)
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0.60 (0.42, 0.78)

Accuracy (Mean
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81.3% * 4.7%
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Parameters AUC (95% ClI) Optimal thresholds Accuracy Specificity

MTV 0.81 (0.724-0.881) <203 90.2 60.8 96.3 <0.001

TLG 0.807 (0.719-0.877) <723 89.0 69.6 88.9 <0.001
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parameters

Cut-off  sensitivity —specificity

AUC

P-value SE 95% CI

SUVts
v e
TLA

<0.38 56.62% 60.43%
<0.44 27.32% 84.89%
<1.95 37.46% 75.54%

0.588
0.562
0.562

0.0025 0.0291  0.544-0.632
0.0266  0.0281  0.516-0.605
0.0247  0.0278  0.516-0.605
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HER2 expression

Metabolic
parameters AR Positive (n=27) Negative (n=78)
MTV (cm?) <0.001
<203 59 (56.1%) 27 (25.5%) 32 (41.1%)
5203 46 (43.9%) 0 (0%) 46 (58.9%)
TLG (g) <0.001
<723 48 (45.7%) 24 (22.6%) 24 (30.8%)

>723 57 (54.3%) 3 (2.9%) 54 (69.2%)
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iPET Cutoff sensitivity specificity AUC ~P-value  SE 95% CI

parameters

SUVaxx <5.12 55.26% 71.79%  0.637  0.0037  0.0472  0.565-0.705
SUVien <4.16 57.89% 71.79%  0.637  0.0048  0.0486  0.565-0.705
SUViL <429 93.42% 48.72%  0.740 <0.0001 0.0461  0.672-0.800
SUVrs <0.33 61.18% 64.10%  0.618 0.0162  0.0490  0.545-0.687
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Clinicopathological HER2 expression

Number of examples

characteristics Positive (n=27) Negative (n=78)
Sex 0.523
male 59 (56.1%) 16 (15.1%) 43 (55.2%)
female 46 (43.9%) 11 (10.4%) 35 (44.8%)
CEA 0.127
Positive 40 (38.1%) 13 (12.3%) 27 (34.6%)
Negatives 65 (91.9%) 14 (13.2%) 51 (65.4%)
CA125 0.342
‘ Positive 42 (40.0%) 12 (11.3%) 30 (38.4%)
negatives 63 (60.0%) 15 (14.2%) 48 (61.6%)
CA199 0.422
Positive 46 (43.9%) 13 (12.3%) ‘ 33 (42.3%)
Negatives 59 (56.1%) 14 (13.2%) 45 (57.7%)
CYFR-21 0.533
Positive 67 (63.8%) 18 (16.9%) 49 (62.8%)
Negatives 38 (36.2%) 9 (8.5%) 29 (37.2%)
scC 0.324
Positive 4 (3.8%) | 0 (0%) 4 (5.1%)
Negatives 101 (96.2%) 27 (25.5%) 74 (94.8%)
Lesion site 0.228
gastric sinus 40 (38.1%) 9 (8.5%) 31 (39.7%)
pylorus 2 (1.9%) 2 (1.9%) 0 (0%)
corpuscles 44 (41.9%) 11 (10.4%) 33 (42.3%)
cardia 12 (11.4%) 3 (2.8%) 9 (11.5%)
gastric fundus 7 (6.4%) 2 (1.9%) 5 (6.5%)
‘ Pathological type ‘ 0.083 ‘
Adenocarcinoma 94 (89.5%) 27 (25.5%) 67 (85.8%)
Signet-ring cell carcinoma 11 (10.5%) 0 (0%) 11 (14.2%)
‘ Histological grade ‘ 0.611 ‘
Highly differentiated 5 (4.8%) 4 (3.8%) ‘ 1(1.2%)
Moderately differentiated 29 (27.6%) 10 (9.4%) 19 (24.3%)
low polarization 71 (67.6%) 13 (123%) 58 (74.5%)
‘ Lauren classification ‘ 0.612
diffuse 54 (51.4%) 11 (10.3%) 43 (55.1%)
enteric 31 (29.5%) 10 (9.4%) 21 (26.9%)

hybrid 20 (19.1%) 6 (5.7%) 14 (18.0%)
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ratios
SUVax <125 73.03%  7692% 0796 <0.0001 0.0404 0.732-0.851
SUVae  <LIS  6250%  8205% 0769 <0.0001 00433 0.703-0.827
SUVm <2.62 90.79% 61.54%  0.754 <0.0001 0.0484 0.686-0.813
TLA <134 68.42%  69.23%  0.676 _ 0.0005 _ 0.0505 _ 0.604-0.742
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Mean + standard deviation

Age (years) 33-83 58 57 £11.82 0.360
‘ Height (cm) 145-184 162 161.2 + 7.92 0.800
‘ Weight (kg) 30-90 55 56.67 + 11.50 0.495
Maximum thickness of lesion (cm) 0.7-6.0 1.8 1.96 + 0.91 0.404
SUVmax 2.0-30.5 10.0 10.54 + 5.86 0.592
SUVmean 1.4-16.9 55 5.94 + 327 0.783
SUVpeak 1.7-23.3 7.49 7.86 + 4.34 0.812
SULmax 1.6-25.7 745 8.46 + 4.77 0.766
SULmean 1.0-12.5 4.5 4.77 + 2.66 0.692
‘ SULpeak 1.2-17.7 5.75 6.31 = 3.50 0.721
MTV (em’) 4.8-100.1 17.0 24.93 + 1941 <0.001
TLG (g) 12.4-1058.8 76.1 144.36 + 173.94 <0.001
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Full name

Subcellular
locations

Functions

The role in the mechanism
of tumor drug resistance

CTR1
/SLC31A1

ATP7A

ATP7B

ATOX1

FDX1

DLAT

CDKN2A

CEBPB

NUDT21

YTHDC2

FOXO03

Copper Transporter 1/
Solute Carrier Family
31 Member 1

ATPase Copper
Transporting Alpha

ATPase Copper
Transporting Beta

Antioxidant 1 Copper
Chaperone

Ferredoxin 1

Dihydrolipoamide

Cyclin Dependent
Kinase Inhibitor 2A.

CCAAT/enhancer-
binding protein beta

Nudix hydrolase 21

YTH N6-
methyladenosine RNA
binding protein 2

Forkhead box 03

Plasma membrane

Golgi apparatus

Golgi apparatus

Nucleoplasm,
Plasma membrane

Mitochondrion

Mitochondrion

Nucleoplasm

Nucleoplasm

Nuclear, Centriolar
satellite

Cytosol,
Cytoplasmic bodies

Nucleoplasm

Regulating cellular copper uptake,
copper metabolism, and vital
physiological functions

Transmembrane Cu* transport
regulates intracellular levels,
influencing oxidative stress and
metabolic balance

ATP-driven Cu’ pump that plays an
important role in intracellular copper
homeostasis

A crucial copper transport protein that
maintains intracellular copper
Thomeostasis

Encodes a small iron-sulfur protein
that transfers electrons from NADPH
through ferredoxin reductase to
‘mitochondrial cytochrome P450,
involved in steroid, vitamin D, and bile
acid metabolism

Catalyzes the overall conversion of
pyruvate to acetyl-CoA and CO,

Capable of inducing cell cycle arrest in
Gl and G2 phases

Regulating immune and inflammatory
responses

An activator of the pre-mRNA 3'-end
cleavage and polyadenylation
processing

A regulator for neural development via
facilitating m6A-dependent
degradation of mRNA targets related
to neural development

A trigger for apoptosis through
expression of genes necessary for cell
death

Downregulation of CTRI promotes
cuproptosis resistance by influencing the
expression of ATP7A/7B

Low expression of ATP7A could enhance
the sensitivity of tumor cells to
cuproptosis-inducing platinum drugs

Upregulation of ATP7B protein leads to a
decrease in intracellular copper levels,
subsequently resulting in docetaxel
resistance

Copper-induced chemoresistance and
DNA damage repair rely on ATOX1

Upregulation of EDX1 expression leads to
acquiring cisplatin resistance

Upregulation of DLAT inhibited
autophagy, promoted cell retention in the
G2/M phase, and enhanced docetaxel
chemotherapy sensitivity both in vitro and
in vivo through the mTOR signaling
pathway

CDKN2A orchestrates cuproptosis
resistance via modulating glycolysis and
copper homeostasis

Activates the PI3K/AKT/mTOR signaling
pathway to dampen cuproptosis sensitivity

NUDT21-mediated unmethylated 3'UTR
shortening underlies the emergence of
enzalutamide resistance and insensitivity
to cuproptosis in prostate cancer cells

‘The downregulation of
YTHDC? potentially induces resistance to
cuproptosis in colorectal cancer

‘The elevated level of FOXO3 in the
nucleus suppressed FDXI transcription
and cellular cuproptosis, consequently
promoting chemoresistance

Jandial et al. (2009),
Ishida et al. (2013),
Zhang et al. (2022a)

Samimi et al. (2004),
Shao et al. (2023)

Petruzzelli et al.
(2022), Li et al.
(20242)

Salguero et al.
(2019), Ttoh et al.
(2008), Jin et al.
(2022)

‘Takahashi et al.
(2023)

Wen et al. (2023),
Xia et al. (2024a)

Wan et al. (2023),
Cheng et al. (2024)

Huang etal. (2024c),
Barakat et al. (2016),
Wang et al. (2019)

Zhou et al. (2024),
Xiao et al. (2023),
Lin et al. (2024)

Shen et al. (2023),
Zhao et al. (2024)

Wang et al. (2023¢)
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Compoun Tumor type Drug resist: umor resistance mechanism Ref

ES/CuCl, PC Docetaxel Regulation of the DLAT/mTOR pathway suppressed autophagyand | Wen et al. (2023)
induced G2/M phase arrest, thereby enhancing cellular
chemosensitivity to docetaxel

DSF/Copper cc Cisplatin DSF/Cu effectively downregulated Bel-2 and ABCG2 expression,  Zhang et al. (2024)
thereby modulating anti-apoptotic and multidrug resistance
pathways in both cell lines

DSF/Cisplatin BC Cisplatin DSF potentiates the cytotoxicity of cisplatin by suppressing Yang et al. (2019)
stemness and overcoming cisplatin resistance in ALDH" stem-like
cells

DSE/Copper BC Paclitaxel DS combined with copper induces the generation of ROS and | Yip et al. (2011)

activates downstream apoptosis-related pathways, including c-Jun
N-terminal kinase (NK) and p38 MAPK signaling

DSF/Copper BRAF"“.mutated | Vemurafenib (PLX4032) DSF/Cu enhances the sensitivity of BRAF-mutant thyroid cancer | Xie et al. (2023b)
thyroid cancer cells to PLX4032 by inhibiting HER3 and AKT ina ROS-dependent
‘manner, thereby alleviating the feedback activation of the MAPK/
ERK and PI3K/AKT pathways

DSF/Copper AML Cytarabine, bortezomib Bortezomib-resistant variants demonstrated cross-resistance to | Bista et al. (2017)
Carfilzomib and MG132 while retaining sensitivity to DSF/Cu®,
which selectively induced ubiquitination, apoptosis, and PARP
cleavage without affecting chymotrypsin-like proteasome activity

DSF/Copper HCC Salicylazosulfapyridine, DSF/Cu inhibited ubiquitination-mediated proteasomal Zhang et al. (2024)
erastin degradation of xCT, leading to its accumulation, and suppressing
this compensatory xCT increase enhanced the sensitivity of HCC
cells to DSF/Cu, offering a potential strategy to overcome drug
resistance and improve tumor therapy

DSE/Copper Leukemia Doxorubicin DSF/Cu complex may re-sensitize HL60/Dox cells to Dox through | Xu et al. (2011)
activating JNK/c-jun as well as inhibiting anti-apoptotic bel-2
expression

DSE/Copper HCC Sorafenib DSF/Cu synergistically enhanced the cytotoxic effects of sorafenib | Ren et al. (2021)

and inhibited tumor growth both in vitro and in vivo by
concurrently suppressing the NRF2 and MAPK signaling pathways

DSF/Copper ESCC ALDHI-positive DSF/Cu enhanced radiosensitivity in ALDHI-positive ESCC cells = Qian et al. (2023)
by effectively downregulating the phosphoinositide 3-kinase/Akt
signaling pathway

DSE/Copper NSCLC Normoxia, hypoxia DSF/Cu selectively enhanced the cytotoxic effects of radiation and | Falls-Hubert et al.
chemotherapy on NSCLC cells, particularly under hypoxic (2020)
conditions, while reducing resistance to these treatments, compared
to its effects on HBECs

DSF/Copper HCC Lenvatinib DSF/copper modulation of FOXO6 enhances the sensitivity of | W et al. (2024)
hepatocellular carcinoma to lenvatinib by disrupting choline
metabolism

DSF/Copper NSCLC Taxol DSF/copper overcomes resistance to microtubule inhibitors in Wang et al. (2018)

cancer cells by downregulating ALDH2 expression, with copper
enhancing the therapeutic efficacy of DSF.

DSE/Copper Glioblastoma Temozolomide DSF/copper exhibits limited efficacy in unselected IDH-wildtype | Huang et al.
glioblastoma and does not appear to notably reinstate sensitivity to | (2019a)
temozolomide

CuATSM DIPGs Hypoxia CuATSM selectively induces cytotoxicity in DIPGs through a Obata et al. (2001)

‘mechanism involving H,O, generation and copper accumulation,
exhibiting additive cytotoxic effects when combined with ionizing
radiation

ES/DSF/enzalutamide | PC Enzalutamide enzalutamide significantly enhances copper ionophore-mediated | King et al. (2024)
cytotoxicity in enzalutamide-resistant cells

TM/cisplatin NSCLC Cisplatin ‘The combination treatment significantly elevates ROS levels and | Abo El-Maali etal.
depletes GSH content, resulting in a marked increase in DNA- (2019)
bound platinum and enhanced cell apoptosis
D-penicillamine/ oo Oxaliplatin The combined treatment of cisplatin and D-penicillamine Yang et al. (2024c)
platinum intensified the antitumor effect elicited by oxaliplatin in oxaliplatin-

resistant §3 xenograft tumors

Clioguinol/Copper BC Bodipy prazosin, Kol43 ‘The metal ionophore clioquinol increases BBB abundance of Pgp,an | Chen et al. (2015)
effect associated with increased endothelial cell levels of Cu’*

ammonium Melanoma BRAF'““* and MEK1/ Copper Chelation Inhibits BRAF“**Driven Melanomagenesis | Brady et al. (2017)

tetrathiomolybdate 2 Inhibitors and Counters Resistance to BRAF“’* and MEK1/2 Inhibitors

Abbreviation: PC, prostate cancer; BC, breast cancer; AML, acute myeloid leukemia; DIPGs, diffuse intrinsic pontine glioma; HCC, hepatocellular carcinoma; ESCC, esophageal squamous cell
carcinoma; NSCLC, non-small cell lung cancer; CC, cervical cancerBcl-2, B-cell lymphoma-2, gene; ABCG2, ATP-binding cassette transporter G2; PARP, poly (ADP-ribose) polymerase;
ALDH]1, aldehyde dehydrogenase 1; MEK1/2, mitogen-act kinase kinases 1/2; NRE2, nuclear erythroid-related factor-2; Pgp, P-glycoproteil
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