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Highlights:

(1) Delineate the characteristic "hyperinflammation-profound suppression" immune trajectory in
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non-survivors post-severe burn using linear mixed-effects models.

(2) Identify the independent predictive value of the post-burn day 7 IL-6 Cox proportional hazards
regression model, and develop an integrated model combining dynamic immune indicators
[AIL-6 and A(CD4°/CD8") ratio] and burn index, providing a key monitoring window and basis
for identifying high-risk patients.
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injury and their predictive value for 21-day mortality risk in patients with severe burns
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[ Abstract] Objective To investigate the dynamic changes of post-burn inflammatory and
immune indicators in patients with severe burns and their predictive value for 21-day mortality
risk. Methods This was a prospective cohort study. From January 2018 to December 2024, 760
patients with severe burns who met the inclusion criteria were admitted to the Department of Burns
of Ningbo No. 2 Hospital. Based on the outcomes at 21 days post-burn, the patients were divided into
death group (139 cases, 106 males and 33 females, aged 18 - 78 years) and survival group (621
cases, 467 males and 154 females, aged 18-78 years). Clinical data of patients in the two groups
(such as sex, age, and burn index) were collected, and IL-6 and CD4"/CD8" ratio were monitored on
days 1, 3, 7, 14, and 21 post-burn. Meanwhile, the differences between IL-6 and CD4"/CD8" ratio on
day 7 post-burn and the corresponding values on day 1 post-burn were calculated, namely AIL-6 and
A(CD4°/CD8" ) ratio. The longitudinal trajectories of IL-6 and CD4"/CD8" ratio post-burn were
analyzed (n=760). A baseline Cox proportional hazards regression model (hereinafter referred to as
the Cox model) was constructed to analyze the independent associations of age, sex, burn index, and
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IL-6 and CD4'/CD8" ratio on day 1 post-burn with 21-day mortality risk (n=753). A dynamic Cox
model was constructed to analyze the independent associations of age, sex, burn index and A(CD4"/
CD8") ratio with 21-day mortality risk (n=746). Receiver operating characteristic (ROC) curves were
used to evaluate the predictive value of IL-6 level on day 7 post-burn, AIL-6, A(CD4"/CD8") ratio, and
burn index for 21-day mortality risk, and the optimal cut-off value of A(CD4'/CD8"+) ratio was
recorded. According to whether the A(CD4"/CD8") ratio was higher than the cut-off value, patients
were divided into increased group (363 males and 118 females, aged 18-78 years) and decreased
group (207 males and 68 females, aged 18 — 78 years), and Kaplan-Meier survival curves were
plotted for the two groups and compared. Time-dependent ROC analysis was used to compare the
predictive abilities of the Cox models constructed based on IL-6 on day 7 post-burn, AIL-6, and A
(CD47/CD8") ratio (with sample sizes of 760, 746, and 746, respectively), as well as the baseline Cox
model and the dynamic Cox model, for mortality risk at 7, 14, and 20 days post-burn. Results
Patients' IL-6 levels exhibited a downward trend over time post-burn (with an estimate of —4.52, a
standard error of 0.10, t=—45.61, P<0.05), and IL-6 levels in death group were higher than those in
survival group (with an estimate of 35.64, a standard error of 4.86, t=7.33, P<0.05); the longitudinal
trajectories of IL-6 levels between survival group and death group were significantly different (with
an estimate of —0.879, a standard error of 0.23, t=-3.78, P<0.05). Patients' CD4"/CD8" ratio exhibited
an upward trend over time post-burn (with an estimate of 0.02, a standard error of <0.01, t=21.48,
P<0.05), and the CD4"/CD8" ratio in death group was lower than that in survival group (with an
estimate of —0.11, a standard error of 0.03, t=—4.04, P<0.05); the longitudinal trajectories of CD4"/
CD8" ratio between the two groups were significantly different (with an estimate of <0.01, a
standard error of <0.01, t=3.64, P<0.05). The baseline Cox model showed that burn index was an
independent predictor of 21-day mortality risk (P<0.05), while IL-6 and CD4°/CD8" ratio on day 1
post-burn were potential independent predictors of 21-day mortality risk (with P values of 0.053
and 0.070, respectively). The dynamic Cox model showed that burn index was an independent
predictor of 21-day mortality risk (P<0.05), while A(CD4"/CD8") ratio was a potential independent
predictor of 21-day mortality risk (P=0.058). The AUCs of IL-6 on day 7 post-burn, A(CD4°/CD8")
ratio, AIL-6, and burn index for predicting 21-day mortality risk were 0.66 (with a 95%CI of 0.61 -
0.70), 0.58 (with a 95%CI of 0.54-0.63), 0.55 (with a 95%CI of 0.50-0.61), and 0.62 (with a 95%CI of
0.57-0.68), respectively. The optimal cut-off value of A(CD4"/CD8") ratio was —0.623. The 21-day
survival rate of patients in increased group was lower than that in decreased group (x¥*=26.20, P<
0.05). The AUCs of the IL-6 Cox model on day 7 post-burn at 7, 14, and 20 days post-burn were
71.71% (with a 95%CI of 66.03% - 77.39%), 61.38% (with a 95%CI of 55.42% - 67.33%), and
61.38% (with a 95%CI of 55.42% - 67.33%), respectively, all higher than those of the AIL-6 Cox
model (59.38% (with a 95%CI of 50.62%-68.14%), 56.70% (with a 95%CI of 50.01%-63.38%), and
56.70% (with a 95%CI of 50.01% - 63.38%)), the A(CD4"/CD8") ratio Cox model (64.92% (with a
95%CI of 57.53%-72.31%), 57.19% (with a 95%CI of 50.65%-63.72%), and 57.19% (with a 95%CI
of 50.65%-63.72%)), the baseline Cox model (70.02% (with a 95%CI of 63.39%~-76.66%), 59.71%
(with a 95%CI of 53.43% - 66.00%), and 59.71% (with a 95%CI of 53.43% - 66.00%)), and the
dynamic Cox model (65.51% (with a 95%CI of 58.19%-72.83%), 57.12% (with a 95%CI of 50.58%
-63.66%), and 57.12% (with a 95%CI of 50.58%-63.66%)). Conclusions In patients with severe
burns, IL-6 and CD4'/CD8" ratio exhibit dynamic changes post-burn; patients in the death group
have stronger early inflammatory responses and more severe immunosuppression. IL-6 level on day
7 post-burn has certain predictive value for 21-day mortality.

[ Key words ] Burns; Immune dysfunction; Dynamic trajectory; Biomarkers;
Interleukin-6; CD4"/CD8" ratio
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e AE K K R 1.23+0. 38, 0. 92+0. 36, 0. 68+0. 31,
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Table 1 Comparison of clinical data between the survival group and the death group in patients with severe burns
. GRIEN PEI (i) Pt B (%  MERGEIR (% 1T EEROimi(% VAR 1S
4 _ - -
T+s) % & TBSA,% +s)  TBSA,M(Q1,Q3)) TBSA,% +5) (M(Q1,03))
R4 621 40+14 467 154 41+13 8(0,22) 29+13 25(17,34)
FET-H 139 40=11 106 33 50+19 15(5,32) 26+16 33(24,46)
GeitE =031 X°=0.08 1=6.73 7=5.89 =193 7=7.45
PE 0.758 0.775 <0.001 <0.001 0.054 <0.001
a0 ] IL-6(pg/mL,% + s) AIL—?(pg/mL, CD4/CD8 FLfE (% + 5) A(CD4YCD8*) e
PifF1d Yils7d Ts) fifi1d Hifi7d (X +s)
G 621 162(26.1) 198+73 166+50 -33+64 1.23+0.38  0.68+0.31 -0.6+0.4
FET-H 139 66(47.5) 232471 191+40 ~29+62 1.08+0.25  0.6620.19 -0.4+0.3
GeitE X'=25.41 1=4.84 1=5.61 1=0.76 1=4.35 1=0.73 1=3.28
PAH <0.001 <0.001 <0.001 0.447 <0.001 0.466 0.001
- APACHE Ii¥4;  ABeRHfRse MM S TR, PUeES [ MeapiE( 6] SqERERTE [,
[73,M(Q,,0,)] [51(%) ] (%) ] (0,.0,)] (%)] (%) ] M(Q,.0,)]
EEH 621 15(11,19) 205(33.0) 132(21.3) 5(3,7) 228(36.7) 125(20.1) 42(30,59)
FET-H 139 22(18,27) 84(60.4) 35(25.2) 6(4,9) 84(60.4) 71(51.1) 21(14,35)
SN 7=9.24 X=37.52 =104 7=1.89 X’=21.73 X=58.61 7=8.95
P{E <0.001 <0.001 0.308 0.059 <0.001 <0.001 <0.001

1 : AIL-6  A(CD4*/CD8*) LB A 3)5 7 d B 1L-6 .CD4*/CD8* LB 5135 1 d X E A 25 (8 ; APACHE T1 Ry 2tk 2f #il i 5 8 PE fd RRR L 143
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Figure 1  Kaplan-Meier overall survival curve of 760

patients with severe burns

1.08+0. 33, 1. 510. 37, £ A H K K~ 617,617,
618.618.616; L T-H &5 1.3.7.14.21 d 1y
CD4'/CD8" [t {H #K ¥ A 1.08+0. 25, 0. 82+0. 27,
0. 6620. 19, 1. 17+0. 28 . 1. 50+0. 36, £ A< 4K N
139.137.139.139.138.

SAEmAML FET- AR EGE1.3.14d 8
CD4'/CD8" b AE W it B AIG (¢ {43 3] 2 5. 47.3. 82,
-3.39, P{E 435 4<0. 001 .<0. 001 .0. 001) . F7i%4]
B CDA/CDS HAE T35 1~7 d ' TR, 7~21
dE TS, 5005 1 dM L, )5 7 d B B AR

(P<0.001), 505/ 7 dM L M5 21 d B BT+ 5 (P<
0.001) ; JET-4H . F CD4/CDS" FE 28 Ak #a 34 5 17
TWEAAHRL, 505 1 dAHE, i J5 7 d B R AR (P<
0.001), 557 dM L, i )5 21 d B 2 F+ & (P<
0.001).

S PR TR A R0 AR TR ] i 25 AR s R
CD4/CD8" A Bifi 173 J B 1) 2 T e #a #5 (Al 10
0.02, brfEiR A <0.01,:=21.48,P<0.001) ; JLT-4H
B CDA/CDS LU AEAR T 47 1% 240 (fhi i b -0. 11,
FRUEIRH 0. 03,1=—4. 04, P<0. 001) ; Wi £H £ & CD4"/
CD8' HLAE I D 1) AR f 2500 b3, 25 A Ge it 24 2 S
(A TF{E 4 <0. 01, #5 1 1% 4 <0.01, 1=3. 64, P<
0.001).

2.5 FLZk Cox BLAY MY

LR ARECR 21 d BET RUBS 4 2 7 FI PR % (P<
0.05), /i )5 1d B9 IL-6 .CD4/CD8" Fu Al Jy 21 d AL T
DRI () 5 AR 0 Sz 5000 R 2 (P>0. 05) o #5464 T
AL (VIFfE<2) . R 2,

2.6 BIE Cox LAY M

BEUFRECN 21 d FET XURS: 6 37 T R 2% (<
0.05), A(CD4/CD8") LLAE A 21 d FE T KU 14 T8 7E
M7 P 2 (P>0.05) . 4% 45 bR o B i Ak 2k
(VIF{E¥<2). W3,
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Table 2  Analysis results of the baseline Cox proportional
hazards regression model for each indicator in predicting

21-day mortality risk in 753 patients with severe burns

LSy VIF HR 95%CI PAE
1L-6(pg/mL.) 112 1.00 1.00~1.01 0.053
CD4/CDS M 1.21 0.55 0.29~1.05 0.070
AR (2) 1.08 1.01 0.99~1.02 0.370
P 1.05 0.92 0.66~1.30 0.642
VoA VERAY 1.34 1.02 1.01~1.03 <0.001

1 1L-6 .CD4*/CD8 L AE 1o #4051 d A A ; VIF Sl 7
Z AN T

3 TAGHIE L BE AR PR TN 21 dSET KU Y Bh
A Cox LG 3] KUK [ A5 7 43 A 445 2
Table 3 Results of dynamic Cox proportional hazards
regression analysis of various indicators for predicting 21-day

mortality risk in 746 patients with severe burns

At VIF HR 95%CI P
ATL-6(pg/mL) 115 0999  0.996~1.002 0.656
A(CD4'/CD8D) LM 1.18 1407  0.988~2.003 0.058
RIS (%) 1.09 1.001  0.987~1.015 0.894
L5 1.06 0947  0.674~1.332 0.756
APIE R 1 1.32 1.023  1.015~1.030  <0.001

1 AIL-6 A (CD4*/CD8") LA i )& 7 d (A TL-6 .CD4*/CD8* LL A
S0I5 1 XS RAE R 240 5 VIF 75 22 08k FL 7

2.7 HWHESH

Pepife st )5 7 d B9 IL-6 . A(CD4°/CD8") He Al
I 21 d B T KBS 9 AUC 43 5] 4 0. 62 (95%CI
0.57~0.68) . 0.66 (95%CI 0.61~0.70) .
0.58(95%CI 0.54~0. 63) , BB JE 53 5 0 64. 70%
70. 10% .82. 70% , R 5 £ 53 51 24 55. 30% .57. 10%
40. 70% , Fe A8 W7 1 23 531 4 30. 00, 176. 04 pg/mL.
-0.623, AIL-6 T | 21 d %E 1= KUK 9 AUC N
0.55(95%CI 0.50~0. 61) , H T H 95%CI 1% 0. 5,
K — 2 M U R S R S R AR A
LI 2,

T B E )5 21 d A 17 RAK T IR (=
26.20,P<0.001) , UL 35 5K 2 Cox Lb 5] AU 815
OYMT R THE L 21 dFET XU M AR ALY 2. 99 %
(HR=2.99,95%CI } 1. 924~4. 637,P<0. 001)

2.8 fEMKIH ROC 5307
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Figure 2 Receiver operating characteristic curves of various
indicators for predicting 21-day mortality risk in 756 patients

with severe burns
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Figure 3  Kaplan-Meier survival curves for two groups of

patients with severe burns
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Table 4 Time-dependent ROC analysis of different Cox proportional hazards regression models

fBiki1d

Hil5 14 d

fiJ5 20 d

L SEES FEA
FEEL Cox LI XU [] I 462754 753
Y35 7 d B 1L-6 Cox L 31 JRUES: 0] Y1455 754 760
ATL-6 Cox F i XU [] A5 746
A(CDA4'/CD8") HLAE Cox Lbf51] IR [ Y5 A5 74 746
B Cox H AU [l ) 455 784 746

70.02(63.39~76.66)
71.71(66.03~77.39)
59.38(50.62~68.14)
64.92(57.53~72.31)
65.51(58.19~72.83)

59.71(53.43~66.00)
61.38(55.42~67.33)
56.70(50.01~63.38)
57.19(50.65~63.72)
57.12(50.58~63.66)

59.71(53.43~66.00)
61.38(55.42~67.33)
56.70(50.01~63.38)
57.19(50.65~63.72)
57.12(50.58~63.66)

T AR TR AR I O AR M) S e i 2 5 MBS B A SRR 137.139.,136.,136..136

BALLE GERE I B R N B DL ST U AT, S 7 d
(4 1L-6 Cox 155 Y £E B [H] 4 4t ROC 23 H7 H AUC e /5
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