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[ Abstract | Objective To investigate the risk factors of elevated ki-67 index in patients with newly
diagnosed pituitary neuroendocrine tumors ( PitNETs) so as to construct a nomogram model for preoperative
prediction of ki-67 index. Methods  Preoperative clinical data and pathological results of tumor tissue
samples of 449 patients with PitNETs who were initially diagnosed at our hospital from January 2015 to
December 2019 were collected and retrospectively analyzed. All the patients were randomly enrolled at a ratio

of 7:3 to either the training cohort (n=314) or the validation cohort (n=135). According to the level of

[(E€mBE] FERHARLEFERAES (este2020jeyj-jqX0017)
[BEEE] ¥Pp%EE,E-mail: fnf7703@ hotmail. com

2097-0927/ Copyright © 2022, R TG et (5 = FEE ) o XS TR KBS 2 47 CC BY i@ﬁ‘[mu(https://creativecommons.org/licenses/by/4.0/)



174 il 25 %2 B R, 2023,45(2)

ki-67 index, they were divided into low level (ki-67 <3%) and high level (ki-67 =3%) groups, and the
clinical data were compared between them. Multivariate LASSO regression and binary logistic regression
analyses were adopted in the training cohort to identify independent risk factors of ki-67 index, and a
nomogram prediction model was accordingly established. The predictive performance of the model was
evaluated using receiver operating characteristic-area under the curve ( ROC-AUC ), -calibration curve
(obtained by Bootstrap method in 1000 internal validation) , and decision curve analysis (DCA) , followed by
external validation in the validation cohort. Results Regression analyses showed that age (OR=0.97, 95%
Cl :0.95~0.99), maximum tumor diameter (OR=1.56, 95%CI .1.21~2.03), and free thyroxine (FT4;
OR=0.93, 95%CI .0.87~0.99) were the independent risk factors for the increase of ki-67 index. Then
based on the above 3 variables, a nomogram model was constructed, whose ROC-AUC values in the training
and validation cohorts were 0. 692 (95%CI: 0.629 4~0.755 1) and 0. 691 (95%CI . 0.591 3~0.790 1),
respectively. The calibration curves indicated that the predicted value was in good conformity with the
measured value, and the DCA showed a net return within a threshold range of 0. 1~0. 35, suggesting certain
clinical significance of the model. Conclusion Age, maximum tumor diameter and FT4 are the independent
risk factors for elevated ki-67 index in newly diagnosed PitNETs patients. Our constructed nomogram model
possesses high differentiation and good calibration in predicting ki-67 index preoperatively, which is helpful for

surgical protocol selection and postoperative management.

http : //aammt. tmmu. edu. cn

[ Key words |

pituitary neuroendocrine tumors; ki-67 index; prediction model; nomogram

Supported by the Natural Science Foundation for Outstanding Young Scholars of Chongqing ( stc2020jeyj-jqX0017). Corresponding author; ZHENG Hongting,

E-mail ; fnf7703@ hotmail. com

e A 22 N 40 W6 P RS ( pituitary neuroendocrine
tumors , PitNETs ) Jg&—Ffi ke I T i 30 1A 240 B 11 1 22 PN 4
W o DR R Y 10% ~209% ), R
HH AR Rk 3.9~7.4/10 54 PitNETs (%
B B B A R I 2 20 WA S R R R o
TEIRHT R 73 5 2 BRI b fiki- 2 41
Jittn/ VR B it/ 5 b i e s/ A A R il o 2L
G — R 5N 4 WA 5[] I e g o5 2500 2% 5
SR TR RE IR AL BT BLRG . TRYT BRI AL R
(prolactin, PRL) J 15 1% 2 LU ReSZ AR B 1 , HoAth i
PIE R BRI . BT, BEE SMRHE AT
REFAWTELR, Tl PUNETs (g BA2<1 om) 122
#2355 80% ~90% , < PitNETs ( fiff 42 =1 cm)
R IR 5] 40% ~T70% . A 10% ~20% 19 i
AR AR AR KR & R R 5 I e A K
A IR D BRIEAE | PR AR AE K T B A p 2 R
GEAR A BT LA A X J 8 8 5 AR 24T A
WA, LA S A3 DD B i B BAT J 2 R S

2017 4F WHO %f PitNETs [ 4325 32 B ki-67 5%
AT LA R PFAL PUNETSs ()38 58 A= 2808 fig, 456 I IR
FHAEAE TG . UGGA 2 & BIE T AR i T2
MRI A] L #i PitNETs (1) ki-67 $5%i; CAT 2% 55 3ot

XH4E 60 5 % 1 PiNETs [y 439 5295 19 47 43 B
FFHES TR ki-67 $5 50 n WO BRI, k] 0L, i
IR AR ki-67 $5 80 & A — & M. A5tk
4R 449 A W)X W12 PUNETs 835 1Y I R 55 kL, 5k
ki-67 FEETF = (52 R 22, A @ AR i B Ki-67 45 %K
Fh e (0 AR AL, K1k #12 PUNETs (& BIG 97 )7
R E LS IICE S 4 e R T

Filt.
W R

L1 ARG %

AT R 9 1] BRAF SE B3t J7 58, Wik 2015
A1 2 2019 48 12 J LR R4 42 B R 5 it s BE e
WA Y PINETs 25 1 IG PR ¥R, A AbRHE: DTER
Be 112 , 17 8 DX U0 B AR I AR 6 AR I i B4 2R 1 12
Sk PitNETs ; AR 415 o83 21 2 1) T 3% 2 Ak 25 SR 11U
TR LU ki-67 4550 O AT e X % 4% 4
( magnetic resonance imaging, MRI)/H T 1B HLW 2
F34# ( computed tomography , CT) 2 % ; @ & A AR Fij—
O R SO AR OB e R . HEBRPRIE : 5O
JEEIERAE WO T A v IR I | LR AR SRR
HoA PR IR S 90 o 5T R studio FROERIG AT S A0 HE



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2023,45(2) 175

B 449 4 B VORI 7 - 3 FEHLO MIZREE (n=314)
HBIESE (n=135) . ABFFEARREZEZE B K720 — fi
[ Bt = AR R B 2 A L fE (2021 -1 275-035-01)
1.2 s RFTAHI

A P2 B I DR -0 D 4 B R GE AR N A S A
4 A R
L2.1 ol ERESAaER Ml 5w AT
£ K 45 JE ( systolic blood Pressure, SBP) . &7 7 J&
(diastolic blood pressure, DBP ) , 312 £ i 35 %4 ( body
mass index, BMI) [ 4 i 15 % = 14 5 & (kg)/ & @&°
(m) ], BEPRI B v I s B2
1.2.2  HEALiE W WAL i 21 2 B ( glycated
hemoglobin, HBA1C) . Jif B H R I & ( free thyroxine,
FT4) | 7 5 = it FF i J 2 /2 ( free triiodothyronine,
FT3) 2 B IR IR i & ( thyroid-stimulating hormone,
TSH) . # ( kalium, K) | 4} ( natrium, Na) | Jg & (urea
nitrogen, UREA ) | JJLIif ( creatinine, CREA ) | JR 8 (uric
acid, UA) 4 48 J}ig ( white blood cell, WBC) . = &t H i
(triglyceride, TG ) . & JH [& [ ( total cholesterol, TCH) |
BEEEREAMHE i ( high-density lipoprotein
cholesterol , HDL-C) {x%8 & 152 [ JH [& i (low-density
lipoprotein cholesterol, LDL-C ), 52 [ ( testosterone,
TESTO) . PRL. {¢ BF 7 %l i & ( follicle-stimulating
hormone , FSH) | # {44 % & ( luteinizing hormone , LH) |
I R 5 & 4R K [ 7--1 (insulin-like growth factor-I,
IGF-1) FEHLA: K & (growth hormone, GH) {2'H I
R 5 % 2% ( corticotropin , ACTH)
1.2.3 X MRI/CT £ ¢ 449 & BHHTERK BT
FIAR T 8% X MRL/CT A6 A o DAl 983 (1 2K /)y, Knops
5395 A Hardy 434 .
1.2.4 iR 420 B e Sy 2 Ak W £ e o B A
SRS PUNETs 3519 ki-67 $8401 87K F-o
1.3 AR

R4 B 2 R 1Y ki-67 45 800 AR K P
(<3%) HANEARF-(=3%) 4.

HE 4 8% X MRL/CT Al Knosp 43 2% Fll Hardy 4}
%, Knops 73 9% VAl g 2 5 1) 9 00 76 40 52 4 28 1E
K, H 0~2 AR 78,3 ~ 4 FO bR © 28 1) P
{RABMFANSE s Hardy J3 ZLPEAN IO 2 75 v B2 I8) 23 3%
BRI REE, Horh 0~2 10 A~ C W AE{RZE,3 ~4
el D~ E W47 I 1] $ IR sl i B J7 )R8

PitNETs Iff R V. 284 453 4% (D JE Dy B T A4 28 4 43 6

ff 9% ( nonfunctional pituitary neuroendocrine tumors,

NF-PitNETs) : llfa RIC A 73 WA R 70 06 W) 8 S o, {EL e
SRl K AT Hs 38 T A 5 2 PRL §2 2 7 & (PRL <
200 wg/mL) ;U RETY AR A 22 P 43 WA I (functional
pituitary neuroendocrine tumors, F-PitNETs ) : 2 7~ i 1
AL E A I H 2 A — Rl A R A DGR (GH,
PRL .TSH ACTH %) 43I0 523
1.4 Gitobr

% SPSS 26. 0 #AF-41 R studio 1. 3. 1093 &k}
gt o B e o A& RS 0 AT B TE B TR
xts 7, PIALIA] U BOR A ST REAS ¢ 46056 AR 12800
A ATHE TR M(Pos, Prs ) Z27 , B4 TE] U R TR
SRR 5 THECSORE A (%) 27w, i) AR A X
Kb s 22 P 24047 2% Fil LASSO [8]5 il — 7T Logistic %
AN A S R ; i T 2 i i E it T T
FH (area under the subject curve, AUC) 5 i f £& 1% 1
WK 2k (decision curve analysis, DCA ) PRl 4% 5 )
B, P<0.05 R2EmA i L,

2 HR

2.1 B RFH IR

YIZRER FNIG UE AR F I RIS LR BB B R 2R 40 A
ZRIGEITHFEX(FR D) o ki-67 (% @K 4 — M5t
BHILER 2, LR AL PR R < ki-67 Sk 4L A &
SR ATIE TR iR B SR, RS Knosp 43 2% i B 2%
Yy 122243 5%, NF-PUNETs (85 1y o b sy, (H 2
G I v I s BWE PR 5 55 00 % K A s = K T4
) FT4 1 LH 1 % T K P41, /B PRL K 3%
1 TARKF41 (P<0.05) o R8s TCH] i 22 5 (P>
0.05),
2.2 PitNETs ¥ ki-67 35469 % 5 & B & 247

ki-67 F5 %05 g e G AR 284 T B A G, 8 T
FEHER AR ki-67 Fe B R 2 g A T 33 A4
A TEVIZET L ki-67 F8EUK 2 =3% K
AR O TR 2N A AR 2 (R 22 EE LA R ) K
33 S HAR AN LASSO [m] T b AT e M e .
1A 1] DLBf# lambda {F 75 K, A5 7 rh— R4 AN 85 22
() B A8 RBCE 4R 0, %78 i CHERR %
BERY s Sk T 2 AR AR R RO ] A o, PR R R4 T 200
WA 10 728 LI E, Fe A B 25 i /DY A = 0. 031
AT R BB 1B) o gk AR S L R ok L
B R A I IR G R J FT4 36 5 A~ AR &,
¥ 5 A B AR TG Logistic B A5 [l JARE I h | &
i 28 1 AT I IR e K AR S FT4 %5 3 A~ 728 /e R
ki-67 F85 AT A faR R R (% 3) o



176 i 2522 s K2 2m 417 ,2023,45(2) http : //aammt. tmmu. edu. cn

®1 JNEEMBPIERPFEZRRZBHLLE [61(%), 1+, M(Pys ,Ps5) |

Il RAG b7 LA (n=314) BiESE (n=135) tX*/7 P
Ki-67 $5% 2.471 0.116
<3% 245 (78.03) 96 (71.11)
=3% 69 (21.97) 39 (28.89)
EHS % 49.08+13. 46 48.09+11. 46 -0.799 0.425
£ 0.031 0. 861
otk 161 (51.27) 68 (50.37)
B 153 (48.73) 67 (49.63)
BB R A%/ em 2.40 (1.80, 3.10) 2.50 (1.80, 3.20) -0.863 0.388
Knosp 434 0. 005 0.941
efR2BML S (0~2 4%) 229 (72.93) 98 (72.59)
RABMENSE (3~4 ) 85 (27.97) 37 (27.41)
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WK TR (JEEZE.0~22%) 201 (66.56) 91 (67.41)
BEIRHOR (R28:3~4 20) 113 (35.99) 44 (32.59)
Hardy 43-4% 11 0. 005 0.942
Jifrgg Al 1 I R iR 2R (AR R ZE A~ C ) 266 (84.71) 114 (84.44)
g il IS 1 O 28 (1298 : D~E ) 48 (15.29) 21 (15.56)
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