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Abstract

Objective: To explore the value of nutritional indicators based on CT images in evaluating the
prognosis of postoperative patients with esophageal squamous cell carcinoma, and a nomogram
model was established. Methods: The clinical data of 67 patients who underwent esophagectomy
in the Department of Thoracic Surgery of Qingdao Municipal Hospital from October 2016 to De-
cember 2020 were included, and the queue is divided into training set and verification set at the
proportion of 2:1. The PPR index was constructed based on CT images. PPR was the ratio of post-
operative T12 muscle index to preoperative T12 muscle index. The independent prognostic fac-
tors affecting the survival of postoperative patients with esophageal squamous cell carcinoma
were analyzed by univariate and multivariate COX regression. The nomogram model of the new
nutrition assessment tool was constructed, and the advantages and disadvantages of the new
model and the traditional nutrition assessment tool were compared, and then the differentiation,
calibration and clinical applicability of the model were analyzed. Results: Univariate and multiva-
riate COX regression analysis showed that TNM stage (P = 0.0427) and PPR (P = 0.0078) were in-
dependent prognostic factors in patients with esophageal squamous cell carcinoma. A new
TNM-PPR scoring model was constructed. KM survival curve showed that the model could effec-
tively predict the prognosis of postoperative patients with esophageal cancer (Log-rank P < 0.01).
The C-index of the nomogram of the evaluation tool was 0.835 (95% CI: 0.752, 0.919). The calibra-
tion curves verified internally and externally showed that the TNM-PPR model has a good fitting
effect with the actual situation. ROC curve and DCA curve showed that this model has better diffe-
rentiation and clinical applicability than traditional nutrition assessment tools. Conclusions: The
TNM-PPR prognostic model based on CT image constructed in this study can predict the prognosis
of postoperative patients with esophageal squamous cell carcinoma.
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AR PRI E FRVEAN T H, WiE 35 KT A 2002 15 & 7748 £ (prognostic nutrition index, PNI). &
FEFE MR FS (controlled nutrition status index, CONUT)FHIE 5 77 X 6 £ (geriatric nutrition risk index,
GNRDZE[10]. IXEFRFRXTFIIE[11] B[ 12] Sk [ 13550 s 1 8 ki, #2 IR I i K AR
TR R H ATE A M B e R 5 B K E TR AR T A T RARD . AR oM TH
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SEN[15]52 H 1) pN 23 SN 55 55 B 45 A (0 Ui B2 ] e 2 3w Al b B B B Pl I RE 7. 3) Xu 5%
N[161CL SR JR E a5 kA T4, JRER KT FIH i = RT3 at, it H A SE il T HL SPI 7
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2. WRE57HE
2.1. MEMR

IEHL 2016 4F 10 A % 2020 4F 12 ATEILARA E ST LR B AMRHE BeAT &8 FARIGIT I 67 4 &
TAENTF AR R IAARE: © F# > 18 5 @ REWENEEGHE: © I AGEE 7 5
@ FAREEORBAMEGSEEFE; © MERFE: © HBRETFARYT N @ HRAHH
BEIT I @ HEBRJR ML CIEAT AR . A FOR AT T G 4% 2:1 BENL 2 I R SEFIIG SR . B FL )
BV 5 SR RGN, WGV . 5 —IRBE VI (A1 2022 45 1 H, FZERF A2 sy i
Ji 558 AR I R A AN (R (OS), i SR TR BN T AR 22 H S 8 R YR B v ) ) B A 38 SR TN 8] o ASHIF 455
BEFACH bR dE, FEE T B L B R AR TR 51 2 (2023 I 5 023 ).

22. ARFZE

22.1. EEEF TG TAEMNTESZ
@ PNI[17]= HEHA(gL) + 5 x WA E(<10°/L).
@ CONUT iF/r[18] = AEAS s + HEREMSS + MhEgpEs, wE 1.

Table 1. Definition of CONUT score
# 1. CONUT 5 E X

S NE
1IEH L2YS R HE
>3.50 3.00~3.49 2.50~2.99 <2.50
/dL){54 N

& El(g Wa55 0 2 4 6

>180 140~179 100~139 <100
AHL [ B (mg/dL) #4553

0 1 2 3

) - . >1600 1200~1599 800~1199 <800
IR L A0 B 2 (/mm?) 553

0 1 2 3

CONUT 34> 0~1 2~4 5~8 9~12

@ GNRI[19] =1.489 x HEH(g/dl) +41.7 x CHHAE/BAAE), GNRI KISGEH S NIUL: EH
(GNRI > 98), fIKXF(92 < GNRI<98), H1X[(82 < GNRI < 92)H 5 X [(GNRI < 82).
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EENARAER) 67 & BB ARRT 1 AW RJE 3~6 H AR CT 18115, HESS UL R (cm?)fE1E
12 (T12)715 B T8 B LTI AR R 40 B o 4 HE S5 LI 26 [20]: O B METT 5 DAMERR S AN J5 2R 5
@ ERUE TR S © WRALRRNFL:; @ SbFUA S ) INFINITT #4491
L HESS L TR, Wl 1. B E Shl s SR B (mm?), 0B AN em®s T12 HLATE 3L
NS5 LA T AR B DL B i (m) FE°F 75 . PPR DN JS T12 WLAFE BB AR AT T12 WLATEEL.

Figure 1. Changes of paraspinal muscle area of T12 before operation
and 3~6 months after operation
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2.3. G EAE

AHFFER A SPSS. R Al X-tile FAFHEAT G0 1. THEUE AR HEUE A 2 FoR, IFE TR S
IERSAIRAFEME + dEERR, DRFE IR A E (0 o A 8 R PR R . A% 2:1 B SPSS
HAEBEHL > A A IGAE 4R, BiT X-tile BOUE[2113R1F1E S 1 AR B AR {8, AR HHE 488 Ui {2 o) 3 482 A8 B8 4
Ho Hr, TNM 708 T, IR R, 0. TV oA, PPR [22)R4E A BHTIE S 0.9 1E A
BWHE 7 A s AR A . SR SR 2R COX RIA 4 AR 7 20 5 (1 B AR g N Rl 16 4% P < 0.05 I H
BEATZINE COX [HH5Hr, &5 5 G EL(HR) AT 95% ] {5 X 1A (CD) s . ARHEZ K2 COX [a])44
Friv s Rk MG m . BA SR XN E, MEaEEHEAR G 1 E R EA, /EH 5% E
(nomogram), iz H Kaplan-Meier %73 5l 22 HHAB R ) A A7 i 28, AR A7 2R 1) 22 7 I L BCR A Log-rank
KB o AR @ i 5 — SR $(C-index) 2R TAERFAE 0 #7 # Z2(ROC) K H: il 28 R T A4 (Area Under
Curve, AUC)KRIGUEI X 73 B . SR J5 K H bootstrap 773, ARSI 1000 K, XA 53 5 E4T A S0 560IE
FAMERIGAE, A HE L. &5, 2HIBEAL. PNI. CONUT & GNRI =FiFA4 T ) DCA #iZk
LA R (I & M. BA P < 0.05 AZERA G4 o

3. &R
3.1. HEBENELISTE
NN 191 0 2R R HE B 2.

Table 2. Baseline characteristics of postoperative patients with esophageal cancer

2. RERARERERLHE

BN =67) YIEMm = 44) IS IEEE(n = 23)
W (4F) 62.43 +8.56 62.45 +8.22 62.39 £9.38
Ji98d 55 K A% (cm) 332+ 1.44 335+ 1.49 3.24+1.38
A BMI (kg/m?) 22.66 +3.17 2225+2.92 23.43+3.53
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Continued
K i JE [ % (mmol/L) 5.00 + 0.96 4.99 +0.99 5.04 +0.93
AFTAR A % (10°/0) 1.84[1.36,2.33] 1.85[1.39, 2.34] 1.78 [1.33,2.32]
KT & F (mmol/L) 38.24 [36.00,41.52]  37.97 [35.88, 40.59] 38.82 [36.80, 43.02]
25 IR IfLF% (mmol/L) 4.72 [4.16, 5.47] 4.70 [4.10, 5.46] 491 [4.34, 5.43]
AT H W = (mmol/L) 0.99 [0.86, 1.31] 1.01 [0.85, 1.35] 0.99 [0.88, 1.12]
PPR 0.93 [0.87, 1.00] 0.97 [0.87, 1.00] 0.88 [0.86, 0.98]
AL A () 28.00 [15.00, 40.00]  26.00 [16.50, 40.50] 32.00 [14.50, 39.00]
pear 45 (67.2 30 (68.2 15 (65.2
A %) {\ (67.2) (68.2) (65.2)
JET: 22 (32.8) 14 (31.8) 8 (34.8)
5 65 (97.0 43 (97.7 22 (95.7
PERI%) 97.0) 97.7) 95.7)
5ie 2(3.0) 1(2.3) 1(4.3)
I 16 (23.9) 8 (18.2) 8 (34.8)
1 24 (35.8 19 (43.2 5(21.7
INM 4 1%) -t (35.8) (43.2) (21.7)
111 34 20 (29.9) 13 (29.5) 7(30.4)
v # 7(10.4) 4(9.1) 3(13.0)
& 26 (38.8 18 (40.9 8 (34.8
RAHALTT (%) 5 (88 (409) (348)
= 41 (61.2) 26 (59.1) 15 (65.2)
I 57 (85.1 38 (86.4 19 (82.6
JIE TR 5 (%) (831 (864 (826)
o) 10 (14.9) 6 (13.6) 4(17.4)

3.2. BEEZEMBEER COX TN HT

FRAE COX [lH 73T R, TNM 73]\ PPR 5 & & Bl A J5 B3 TS A R 2 Z S P <0.01).
ZH K COX [HA45 R EoR, TNM 23 HIH PPR & 52 M £ 8 i I A J5 H8 A A7 I TS B &R (33 P < 0.05),
w3,

Table 3. Univariate and multivariate COX regression analysis of training set

3. WAERRERZER COX @YARH

o R COX FIAHT Z A& COX [al 453 #r
B E
HR Cl P1H HR CI P
R 2.24 0.74~6.72 0.152
P51 2.3 0.3~17.88 0.426
Ji8d B KA 1.53 0.54~4.39 0.426
JEERTF AR L 3.09 0.96~9.92 0.058
TNM 43 15.2 3.37~68.53 <0.001 5.73 1.06~30.97 0.0427
A AT BMI 1.76 0.61~5.07 0.293
AHTIR EL A 5L 1.95 0.65~5.84 0.234
ARATEEA 2.19 0.76~6.33 0.147
ARHTH v =18 0.48 0.16~1.45 0.194
R[] e 2.5 0.84~7.48 0.101
PPR 0.06 0.02~0.21 <0.001 0.14 0.03~0.59 0.0078
R BAST 0.94 0.33~2.71 0.909
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3.3. BB AL R ENE

%P TNM 23 IR PPR B AMEFROIABLAL, HE SUZIE ALY TNM-PPR 5 4Y, %00 5L 1 28 1 1)
AIRAR N 2. ANEIFRTRAE B, TNM 20 Ab TR v m e, RAMKSE, PPR M4l vikfa, (R4 hm
fG. M TERRP IR LI T REG, WAIER4. 54 1 TEskrFEg, WOVRXKE, 24 2 1
Fabrab T, WA e A4

s 3, KM A A7 i 2k 7~ TNM-PPR 8 B 280U W B B AR S5 NBEITIE , ZRA g2 L
(Log-rank P < 0.01).

FERIBGAE: 1) X ZRMA C 4850/ 0.835 (95% CI: 0.752, 0.919), FRMlHHE RiF: ROC HhZk
7R : TNM-PPR BEAYAE 1| 4R F1 2 AR K] OS B Sk iy 3~ HoAth =M T A, 7E 1 4280 2 4RI 1) AUC 43119 0.87
1092, Wil 4. Kk, ZABAE X 50 R AL T HARVEAL TR . 2) KAERE: TNM-PPR BEAU7E Pl i i
1 ) 2 4 OS W RHERE RUF, 12 55 brat B B A 8P — 2k, sl 5. 3) KM H: TNM-PPR
RS B B S 1) TE IR RS, R AE T B e R S SRS 1 4 OS A1 2 4F OS J7 T E FAR PPl TR A
AP RIE T, A 6.

0 10 20 30 40 50 60 70 8 90 100

Points
i 3
TNM " '
LN )
R
PPR " '
=g

Total Points T T T T T T T T T T T ]
0 20 40 60 80 100 120 140 160 180 200 220

1-year survival r T T T —
09 085080 0.70 0.6 0.5

2-years survival T — T — T 1
09 085080 0.70 0.6 0.5 0.4 0.3 0.2 0.1

Figure 2. Visualization of nomogram model
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Figure 3. KM survival analysis curve of the model
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Figure 4. ROC curve of 1-year OS (a) and ROC curve of 2-year OS (b) with four evaluation tools
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Figure 5. The internal calibration curve of OS at 1 year (a) and OS at 2 years (b) after operation, and the external calibration
curve for OS at 1 year (c) and OS at 2 years (d) after operation for esophageal squamous cell carcinoma
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Figure 6. 1-year DCA curve (a) and 2-year DCA curve (b) of four assessment tools

6. PUFMT(E TEEY 1 4F DCA Bh%k(a)F0 2 48 DCA BiZE(b)
4. g

AWFFETINT HTF CT B NH A S 2P0 Fa 45 PPR, $2H T —F0 i TNM-PPR & 7581745 T 5, #%
BERY e B A 5 B3 1 AR L(Log-rank P < 0.01). 3#Id Py &EAIZNEBEGAIE, AL T 28R 55 1
SAGOUARRT . 5 HAR T HAH R, AR SO 5. mRUNEET), B TR IR SE B N H

AW TR T TNM 53811 PPR BiANadr. HHFF KBRS EE ARG 6 AN H WE BT ™
HEERGHEARAEBEZYIRARA23] [24], FrLl PPR & HBE ARG 3~6 AW CT _E T12 KT (HESs
KVl B EH AT FIEEEILE KRG DL AR E B UL S BEAR AT B R 3 (L3)/KF, (A AR [25],
2 L3 AT, T12 KPR DAWERACE I CT KRBT %, RJE BFERE U A R TIE CT
KA, L3 EH NOREAEME CT 3. Bk, F T12 /KT w55 LA AR Sk S e i e R s B
(B B LA el 2 T AT 1

S B HE ARG E VL ERMKEITE 2 M F R R REBE RN, CHERAEH, NWRAMERS
B PR P e AR e S R ) TS 2 R A OE[26] . Su AT RGN [27] 15 2
it B RE AT LA AE 5K AL 5 ARG S R A 0% Yang S8 AN 155 B i3 #4740 4,
RIEE WLR i 55 T4t B g DI B ARG A R &5 R A R [28]s 4, Sl Il — IS A 43 i R BH[29)],
JUL PRI/ i 1) i Jie B PR AR T XU s Y 1.4 %, T LD 1 B R A A I f B R 2 5 1) Nakamura
S NIRIAFE T [V I AR /IS B s T2 A J5 ), JLPRI A0 2R A 5 SO A A A B 22 ST s R R (301 o
BERETFAE RS I HEE VN E RGO, IEQ Boshier [3115 @I A RN E R T ARG EH
B B LA D 2 R N, RN RS BE N E TR ERIEM. AR B RAH R EFARG
FEE S R S R A K X AR R B 8HE ARG 3~6 A IUMESS LR XS R FT 4512k 158 2 (R PPR HLAE
T/ TS 35 T f R 22 R S5 Ve A — 3. DRI, AR ANl a4 R B = v BT SR 1Y BMIL SR, & FRIR L
o B e SR A A R R e FH LA ST S R Ok iR S B id .

ZHFATH TNM-PPR BEL[) AUC fE 7 T4 4 PNI. CONUT #40fil GNRI & i T A, 8
TNM-PPR 5 7F T £ 8 s A Jo 26 R 1005 R B2 B AR T e TR AT o 3X AT e S 7 A BE R TR K
SR, R & B TR MG T 2B TR, RETH A E AR Z2H4 T 1E% G R 2 N (38.24
[36.00, 41.52]), 1fi PNI. CONUT #4). GNRI #5 HE E/KFA K, BT H & B vl 8 Fi0 75
SR E AT REA PR . DRI AR IX AR 0L R, TNM-PPR R G 58 HERf B IX 7> R 5 B 1S .
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