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Abstract: Objective To construct a cuproptosis-related long non-coding ribonucleotide (IncRNA) model and explore its prognostic
value in patients with head and neck squamous cell carcinoma ( HNSCC), and to preliminarily explore the drug sensitivity of
HNSCC patients by drug sensitivity analysis. Methods Transcriptome data, tumor mutation profiles, and clinical information of
HNSCC patients were downloaded from The Cancer Genome Atlas ( TCGA) database. Pearson correlation analysis was used to
identify IncRNAs co-expressed with cuproptosis-related gene. Univariate Cox regression and least absolute shrinkage and selection
operator (LASSO) regression were used to screen the prognostic cuproptosis-related IncRNA ( CRL) and establish a prognostic

model. The risk score of each patient was calculated, and the median was used as the cutoff to divide the patients into low-risk and
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high-risk groups for survival difference analysis. Kaplan-Meier ( KM ) curve, receiver operating characteristic ( ROC) curve,
C-index, and calibration curve were used to evaluate the performance of the prognostic model. Independent prognostic risk factors
were identified by univariate and multivariate Cox regression analysis. A predictive nomogram was then constructed based on the risk
scores and clinical characteristics. Functional enrichment analysis and immune infiltration analysis were performed to further explore
the potential molecular mechanism and biological basis of the prognostic model. Finally, the tumor mutational burden ( TMB) and
drug sensitivity of patients with different prognosis were analyzed. Results A total of 781 CRLs were identified, and 9 prognostic
CRLs were selected and included in the prognostic model. The KM curve showed that the high-risk group was associated with poor
prognosis of HNSCC ( P<0.05). In the train set, the area under the ROC curves ( AUCs) of the CRL prognostic model for 1-year,
3-year, and 5-year survival rates were 0.694, 0.753, and 0.643, respectively. In addition, the C-index of the model was higher than
that of the clinical characteristics. Age, tumor stage, and risk score were independent prognostic risk factors (all P<0.05).
Functional enrichment analysis showed that the differentially expressed genes between the low-risk and high-risk groups were mainly
enriched in immune-related proteins and functions. Immune infiltration analysis showed that the expression levels of 8§ immune cells
and 7 immune function scores were higher in the low-risk group. KM curve showed that patients with low TMB + low risk have the
best prognosis, and patients with high TMB + high risk have the worst prognosis ( P<0.05). Drug sensitivity analysis showed that
cisplatin, etoposide, gemcitabine, mitomycin C, sorafenib, and vinorelbine were potential drugs for the treatment of high-risk
patients, while rapamycin and phenformin were potential drugs for the treatment of low-risk patients. Conclusion The prognostic
prediction model of HNSCC patients based on 9 CRLs can well predict the prognosis of HNSCC patients, and evaluated the
sensitivity of patients to chemotherapy drugs to provide a reference for the study of HNSCC treatment.
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Sankey diagram for showing cuproptosis-related genes and IncRNAs with coexpression relationship
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Figure 2 CRLs prognostic model based on TCGA

A: Forest plot of differentially expressed CRLs by univariate Cox regression analysis; B: Heatmap showing the correla-
tion between CRGs and IncRNAs used to establish prognostic model; C: LASSO regression with a 10-fold cross-valida-
tion for the prognostic value of the CRLs; D E: Risk score distribution of HNSCC patients in the low-risk and high-risk
groups, in the training set and testing set; F.G: Heatmap showing the expression of 9 IncRNAs in the low-risk and high-
risk groups, in the training set and testing set
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Figure 3 Predictive performance of the CRLs prognostic model
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ing set, the testing set and all patients, respectively; D H.I: ROC curve analysis of the risk factors, age, gender, tumor
grade, and tumor stage in predicting OS in the training set, the testing set and all patients, respectively; J K L. C-index
of the risk factors, age, gender, tumor grade, and tumor stage in predicting OS in the training set, the testing set and all
patients, respectively



IR R H S AR 22 4R 2026 4 3 H 45 40 45 55 2 i1

Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.40, No.2, 2026 - 55-

2.4 CRL F/aHRE 7E A [5 I 28 A H T30 38 e
WA AT W, BB AT ~ IV I8 & ke
HIEFRE TRGEY4(P<0.05, [ 4A) i [ ~ 11
WE B AEARER LG I %E L (P>0.05,
Fl4B) X TCGA ¥4 F& vh 43 & N 7L 3k 98 9% &
(Human Papillomavirus, HPV ) J& 4tk 25 #Y HNSCC
BE AT ALY, 45 R R W HPV AR E AR
BAR(P<0.05, 8 4C) . 13k 2 fron, HPV BIPE &R
HHEEH KREZE(P<0.05), fEEBIEESD,
PEZ UYL A A R 3 TR 2 T B R
H(P<0.05,K14D) , #E—0 B, fE e
 H A AR 45 5 ( P<0.05, &l 4E) |, 7E41% fa 4H v A=

4H F141) , HNSCC 1] & A= F 3k 3038 2 A~ i 1) 35
Ar, FRATRE ¢ A 7 W 35 A LB FR AL ) S8 5 R AT AR
FEOHT, OB 8 A A A S A s e A
ZERW TG X (P ¥1>0.05, & 41 F14K) | 1fij
TEAR G 2H Hh e g 1) 26 A7 R 808 ( P<0.05, &1 4L)
LSRR W] CRL #5289 T 55 4 F5 I 10 - 1V 19 28 3
BTG | e fe2H B8 3 T A 2 T . JF B, HPV
B 8 5 DAL IS 2 e o A 35 0 At

2 TCGA $dsF 4L HPV YLk Y HNSCC 3%
ARG LA 340 [ n (%) ]
Table 2 Distribution of HNSCC patients with HPV
infection status in the low-risk and high-risk
groups in TCGA database[ n( %) ]

) HPV RE  (Rfed i fad X P
3% = e =Y %

ﬁziﬁiﬂ%ﬁfr%ﬁwbo;os B 4F) i i Ty
HORAEZATT A SBIRE S s K fE gl Ve 18(37.50)  1(323) 12113 <0001
PR ZE S TSI #E L (P #>0.05, & 4G,
. M~V s B I~T4HE c HPVARA + Btk + T

1.00F - fat 1.00} - e PRI :

- (R fadd 100 : ‘

0.75}F 0.75F 75t
& 0.50F & 0.50F _— @ 50k
eyl H Iy

0.25r 0.25F 25+F

P<<0.001
Ok vy v i ning

01234567891011121314151617181920
Fisf ] /4

4 16 18

10 12
i 4
5 RS
1.00}+ + REEZY
+ ERIF

FE

§ 10 12 14 16 18

ol
[(S1 8
NS
ok

8 10 12 14 16 18

[f] /4 Fisf ) /4
I 5 sl

0.25F —
P=031
oy op, v ey
0 2 4 6 8 1012 14 16 18 0 2 4 6 8 1012 14 16 18 0 2 4 6 8 1012 14 16 18
P I 4 st ] /4 I v /4



IR R H SR AR 23R 2026 4F 3 H 4540 % 45 2 1)

- 56 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.40, No.2, 2026
J S K [y (x| L e
100 |4 FREIGT W e 100 F4 SR+ W e 100 -+ SR+ W e
. 75 75 F
& S0F & S0r
# #
25+ 251
ot L 1 3 v o ok L ot .

o-
ok
L
ok

6 D 4Il6l 81012141I618
st ] /4
[l 4 CRL Wil 5 BERIAE AN W) W7 A1 1% 50000 14 58

8 10 12 14 16 18
st ] /4

02 4 6 8 10 1214 16 18
Il 4

A B BEEE AN R S U IRAE AL AN 5 FE AL AR A I 2R 5 C. TCGA $dfi i 7 HPV IR 2519 HNSCC i i A= 47

£k ; D .E.F: 8B S A ARG B RO 2T AN G H L B8R4 e R kfadlh 8

HRBEZAT AL T K L SRS S ARG b, AR TR s 2 AL HNSCC B3 1 A=A £k

Figure 4 Predictive performance of the CRL prognostic model in different subgroups

A .B: KM curve of all patients shows the OS of the low-risk and high-risk groups under different stage conditions;
C: KM curve shows the OS of HNSCC patients with HPV infection status included in the TCGA database; D .E .F: KM
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Figure 5 Clinical value of CRLs prognostic model.

A B Results of univariate and multivariate Cox regression analysis of independent prognostic factors of HNSCC, respec-
tively; C.D.E.F: Principal component analysis in low-risk and high-risk groups based on the expression of CRLs, all
IncRNAs co-expressed with CRGs, CRGs, and all genes; G: A nomogram for predicting OS by both clinical characteris-
tics and CRLs prognostic model; H; Calibration curve of the nomogram for predicting 1-year, 3-year, and 5-year OS
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Figure 7 TMB and survival prediction value in different risk groups
A B: Heatmap of the top 15 mutated genes in high-risk and low-risk groups; C: KM curves of OS in the low-TMB and
high-TMB groups; D: KM curves of OS in the low-TMB + low-risk group, low-TMB + high-risk group, high-TMB +

low-risk group, and high-TMB + high-risk group

28 RKEiITS 5HMEIREREXS
2R S T s VR HEIA T L P A
W 228 C VRBLAR)E AT A T A4~ 410 i Ik B2
(the half maximal inhibitory concentration, 1C50) 5
B4 R AAHDC (P $4<0.05) , BIAE R KL
IR IC50 5 KU 3 73 B2 IE AR 5C (P #<0.05,

8A) , (RGN fa 2 R X ixX 8 b 254 i iUk
bAoA ARFEIA T 5 VUM 22 AR C
ZRAEJE KRR 1C50 765 fad] B % b
I, JEIRTT B A I e 250, TR IR R AR LM
MR AR fa 4 B M E 254 (P 39 <0.05,
% 8B) .



IR R H SR AR 23R 2026 4F 3 H 4540 % 45 2 1)

- 60 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.40, No.2, 2026
A
5F ;g n42 p<22e-16 ¢ -~ ol R:F}g p'xﬂ '14 ! * . 8 R=:.\';'ﬁp-52e»o¢3 ’u_o:
= 7 g s0 <
S - # #
= £ 5 25 %
# = = =
i = Z 0 X
g E = 2
E 3 B =
= x-2.5 i
Y ® 8 & i
| | | | | . | ! L L + |
0 2 ¢ 0 2 4 0 4 0 4
AR5 AR5 U 5 Rt
= 2.5¢ R=Bd5 pasze-08 _ s r-osh, p’:-)’lu 0 ° =
8 2 2T 7
- = =2 <
# 0 - w2 i
& M = =
= # # &
5 = = 4 =
#% 2.5 S| % o
i@ - -6 i
& = 2f = a
¥ 5 s = gt K
D.UEy 1 1 1 1 1 1 1 1
0 2 4 0 2 4 0 2 4
B R P53 JRU P43 R 53 RS
IR I JRUG: o {1 o . SR e I IR e I
L —2sels : § 3.8¢-06 % 7.5¢ —l3e06 ;o: 5. — 3205
- O 9F = Q
7 ' S = SOF =
S 4t O ‘
= 8 & sl = ok
£ 3f = 5 29 #
% = = 2
E 2f = a2 o s
B K or . g 2 50
S ’ : N : L2t g
H 1 #® S 1 . i
fik [ i [} "
DR DR DR DR
= JA: el ey JAUR i wa g = DK eI a8 JAUR: eofiG ey
5 3.16-07 ; ;c: 4 o l2e06 5 o S6e0s % o l2e07
< af = Z o S 5l
4 #2f 3 -
B oo & # #
= = -3k &
B - ]
O 9 OF % = 4
W% -2F JIEN R =
& & & of i
i ool = Rl
R -4 P . b —6F
B 1 1 % 1 1 ; K
& [ 7 £
JRUR: AU JAS: U

K8 AR AL S FE L Y 25 WU 23 #
AR R UK ARFEIA T

BRI MAEIRH
Figure 8

AR 22 R C RAARE (F
PRI 228 R C RAARE TR IARE R A AR B A (R A A A FE AL B 1CS0 AR

Drug sensitivity analysis of low-risk and high-risk groups
A Correlation analysis between cisplatin, phenformin, etoposide, gemcitabine, mitomycin C,

A M A i U255 XUBS: -0 B MG 0 #7 5 B I

sorafenib, rapamycin,

and vinorelbine and risk score; B: IC50 comparison of cisplatin, phenformin, etoposide, gemcitabine, mitomycin C,
sorafenib, rapamycin, and vinorelbine, between the low-risk and high-risk groups
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