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Abstract

Objective: To determine the incidence of breast edema and its independent risk factors after breast-
conserving surgery for breast cancer, construct and preliminarily validate a risk prediction column
chart, and provide a reference for early clinical identification of high-risk populations and imple-
mentation of individualized interventions. Methods: A total of 200 female breast cancer patients
who underwent breast-conserving surgery at Baotou Cancer Hospital from November 2023 to No-
vember 2025 were consecutively enrolled. Diagnostic criteria for breast edema were established,
and relevant clinical and psychological data were collected. Independent risk factors were screened
through univariate analysis, LASSO regression variable dimensionality reduction, and multivariate
logistic regression. A column chart was constructed, and model performance was evaluated using
Bootstrap resampling and multiple methods. Results: Among the 200 patients, 50 developed breast
edema, with an incidence rate of 25.0% and a median occurrence time of 8 months. Seven factors,
including BMI and breast CTV volume, were identified as independent risk factors (all P < 0.05). The
AUC of the constructed column chart was 0.866, demonstrating good calibration and stability, with
clinical net benefit within the 2%~8% threshold range. Conclusion: The incidence of breast edema
after breast-conserving surgery for breast cancer is relatively high, and the aforementioned seven
factors are independent risk factors. The column chart can serve as a reference for clinical individ-
ualized risk assessment and early intervention.
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AHFFEGIN 200 1) FLARE 2, BEVT A 50 6% AL K, RAEZR 25.0%. H R KRR 5
<12 M H) G 76.0%, BEREKIE12 D) 24.0%, KAz KR AR AR TS 8 A H(IQR: 5~15 4 H).
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Table 1. Baseline data and univariate analysis results

# 1. BELERNRBRRESER

. Total FE7K i .
Variables (n = 200) (n = 150) (n = 50) Statistic P
WS, Mean + SD 4572 + 8.56 45.80 +8.95 4548 +£7.35 t=0.23 0.820
BMI kg'm?, Mean + SD 23.54+2.71 23.00 +2.38 25.15+3.00 t=-5.16  <0.001

FLb5 CTV & cm?, Mean = SD 593.68 £274.50 567.49 £262.47 672.28 £296.86 t=-2.36 0.019

SRR (mm), Mean + SD 2.16+0.38 2.09 +0.35 2.37+0.39 t=-4.67  <0.001
e B A 4E mm, Mean + SD 15.78 + 6.49 15.43 £ 6.02 1682+7.70 t=-1.16  0.250
B EHRE g 2%, Mean £ SD 730+ 6.70 6.23 £ 6.22 10.52+7.10 t=-3.81 <0.001

JRAE B HR M5 PSS 14, Mean+SD  37.55+6.96 36.55+6.96 40.54+6.10 t=-3.61 <0.001

FEE R K M GAD 7, Mean +SD 7.93 +3.71 7.71£3.51 8.62+420  t=-1.51  0.132
e b2 n (%) ¥ =2008 <0.001
I IR 9K L 5 A 132 (66.00) 112 (74.67) 20 (40.00)
T bk R i 4 68 (34.00) 38 (25.33) 30 (60.00)
TMN 433, n (%) £=203 0154
I 140 (70.00) 109 (72.67) 31 (62.00)
1l 60 (30.00) 41 (27.33) 19 (38.00)
JiR BT AE SR, n (%) =138  0.709
W LR 50 (25.00) 37 (24.67) 13 (26.00)
MR 10 (5.00) 9 (6.00) 1 (2.00)
4h ERIR 114 (57.00) 84 (56.00) 30 (60.00)
SR RIR 26 (13.00) 20 (13.33) 6 (12.00)
HRFEHER, n (%) =035  0.840
RIS EE 162 (81.00) 122 (81.33) 40 (80.00)
RN 18 (9.00) 14 (9.33) 4 (8.00)
HAh 20 (10.00) 14 (9.33) 6 (12.00)
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3.2. BAEE Logistic [EY3

BT &K Logistic [FH 4T &%, BMI FFE(OR = 1.44, P <0.001). FL.55 CTV {AFIE K (OR
=1.01,P=0.028). BZJKJEEIGIN(OR = 15.65, P <0.001). AWML S HIE £ (OR=1.11, P <0.001). /&
HUE 11355 THEI(OR = 1.12, P < 0.001) il & ik E2 4575 49 (OR = 6.00, P < 0.001) J2 /& H¥(OR = 3.42, P=0.012)
BRI RS s LR S K R 2 T RERE G =R L(OR =2.11, P =0.077), HRAE
TRFE XK. (£2)

Table 2. Univariate logistic regression analysis results of breast oedema after breast-conserving surgery

= 2. RIAAKRBILEKMELERBEEZE Logistic BIVARHTLEER

Variables s S.E Z P OR (95% CI)
BMI (kg/m?) 0.37 0.09 4.02 <0.001 1.44 (1.21~1.73)
A S5 CTV R (cm?) 0.01 0.00 2.20 0.028 1.01 (1.01~1.01)
S JHR JEL B (mm) 2.75 0.70 3.95 <0.001 15.65 (4.00~61.25)
Jie e 5 R A% (mm) 0.04 0.03 1.36 0.173 1.04 (0.98~1.11)
HEERWRE L S5 0.11 0.03 3.86 <0.001 1.11 (1.05~1.18)
JRAE TR D5 0.11 0.03 3.42 <0.001 1.12 (1.05~1.19)
FEREER L 0.05 0.05 0.90 0.368 1.05 (0.95~1.16)
i e A U0 i 5 A
1 1.00 (Reference)
2 0.77 0.68 1.13 0.258 2.16 (0.57~8.15)
3 0.48 1.24 0.39 0.699 1.62 (0.14~18.46)

3.3. LASSO [E)3ZEEFix

b %2 E L2 M ST LA, SR Lasso [81 VA HEAT A8 Sk , 388 3k 28 511 000 1 4 R AR TE AR B AR
PL10 $728 SBHIE . I 22 PR FE AR, B EUE /MR ZERT L A = 0.0040 A A1 1), M 8 ANE
TEAS BT IE Y 7 AN FUIIE A K IR TR R 7-( 3): BMI. FL55 CTV AR, RS L T4k B0 45 M 8.
AR JER S M. B ST RRECN 0, RN, Lasso [F1JH ROC HIZE LK 2.
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Figure 1. Variation of lasso regression penalty coefficient

[ 1. lasso EYVIET RZHTLIFER
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Table 3. Results of variable selection by LASSO regression
% 3. LASSO [ElJAfF AT LR

A 4 et

BMI 0.331 HHA R

5 CTV A1 0.00194 HHA R

B k5L 1.45 HEETE

MEE LM NREISE 0.0891 AR

BRANE SRR 0.0793 AR

s A ER T AEH vs. BIHETEAT) 0 S
EMEGE vs. 15) 1.04 ZarK
YR vs. ) 1.49 Zar

ROC Curve (AUC = 0.866 )

1.0
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Figure 2. Lasso regression ROC curve
2. Lasso [E]Y3 ROC HhZk

3.4. ZAZE Logistic B34

¥ LASSO ik i) 7 ME RN Z K 3R Logistic [FIABLAY, K A f58 0 [0 — Dk, 2588
IN(HE 4), RJGEEYL(OR = 5.25, 95% CI: 1.71~16.84) &t SR IS G B R 28, A I8 50 1 8 2 7K XU 2
TR (1) 4.25 1%, JZIKEE (OR = 4.65, 95% CI: 1.47~14.92), B[ FJE AR N 1 mm,  HRoK i 1) XU
0 3.65 fi5; R (OR = 3.21, 95% CI: 1.33~7.89) &3 I /K Ji XU A2 JC i ifiL & 2 1) 2.21 f%; BMI (OR =
1.43,95% CI: 1.19~1.72) B8 11 1 kg/m?, 7K i XU 39 0 43%; T8 F190k (245 550 (OR = 1.10, 95% CI: 1.04~1.17)
BEREIN 1A, KBRS 10%; B 73R 858 (OR = 1.09, 95% CIL: 1.02~1.17)83 00 1 43, KR
B3N 9%; FL5F CTV 4EFH(OR = 1.00, 95% CI: 1.00~1.00)EE8 11 1 ecm?, 7K fil XU B A5 34 11 (P = 0.006) -
FTf 7 AN IR B G2 W (P < 0.05), G RIF(AIC = 163.33).
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Table 4. Univariate Logistic regression analysis results of breast oedema after breast-conserving surgery

F 4. RARBILEKILEREREZE Logistic BIYFSTHTEER

Bl B EH AR Wald > P i OR (95% CI)
BMI 0.358 0.093 3.834 <0.001 1.43 (1.19~1.72)
L CTV 4R 0.002 0.001 2.757 0.006 1.00 (1.00~1.00)
Rk 1.536 0.591 2.597 0.009 4.65 (1.47~14.92)
TEFIM S S5 0.096 0.029 3.322 <0.001 1.10 (1.04~1.17)
BEIE 1R RS 0.088 0.035 2.542 0.011 1.09 (1.02~1.17)
mIMEGE vs. ) 1.167 0.455 2.566 0.010 3.21(1.33~7.89)
BRI vs. 7)) 1.658 0.579 2.862 0.004 5.25 (1.71~16.84)

HH -19.280 3.193 -6.038 <0.001 -

3.5. FUMIREAE S

FHFZ K Z Logistic [AIHHIFGEH ) 7 UM AR R BMIL A5 CTV AR BERE . A&
BRI A A EE T I SR R 2 K B RS TR AR R (1] 3), FE2 ] B 28 ] LS M AR AR XU

N
AL
0 10 20 30 40 50 60 70 80 90 100
Points t
BMI r T T T T T T T 1
16 18 20 22 24 26 28 30 32
¥LECTV{2K*R r T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600
&ﬁgg r ¥ T T T T T T T T T 1
12 14 16 18 2 22 24 26 28 3 32 34
TERHEL B8 7T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
RAEHERIZSD r T T T T T T T T 1
15 20 25 4 30 35 40 45 50 55 60
B E —
0 1
@)77’.% r g
0
Total Points T T T T T T 1
0 50 100 150 200 250 300
TR B XU BT T T T T 1
0.1 03 05 07 0.9

Figure 3. Nomogram of the risk prediction model for breast oedema after breast-conserving surgery

B 3. RELAREFLE K XBE TR B H 512 ]

3.6. REMERERMG

3.6.1. X5 E(ROC HiZk)

B AUC 24 0.866 (95% CI: 0.830~0.865), /B R R EA —E A RIGE /(K 4). ARIE
AIREMIIE LG, K H Bootstrap BRAFE(1000 ()T P EBIGIE, 753 2R IE 5 F4 AUC N 0.852, FKEARIA
LRIEFVEA RAFHI X 2 (A 4).

3.6.2. oritae

PL 0.187 1E N THAE R I, Accuracy A 0.866 (0.802~0.923), Sensitivity A 0.860 (0.700~0.880),
Specificity “AJ 0.727 (0.593~0.820), PPV N 0.512 (0.413~0.580), NPV A 0.940 (0.891~0.942); #iAKE,
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Figure 4. Bootstrap method AUC situation chart
[& 4. Bootstrap & AUC 1§/
Table 5. Model discrimination performance indicators
= 5. RBFIF M BESRIT
T3k Eizg AUC biRTIES RYE R FHYETROE  BITETEE
- RAtTE 0.866 0.760 0.860 0.727 0.512 0.940
Jor A R
95% CI  0.805~0.927 0.701~0.819  0.764~0.956  0.655~0.798  0.405~0.619  0.896~0.983
AT 0.866 0.760 0.860 0.727 0.512 0.940

Bootstrap %
95% CI  0.802~0.923  0.660~0.800  0.700~0.880  0.593~0.820  0.413~0.580  0.891~0.942

3.6.3. ImFKRSIREEILL(DCA)

W ZR AT (K 5) o, TRINBERLLE 2%~8% 1 BRIE 5 1 Py AT S (I PR S R AL, B S35 Bhilfs
PR A 75 B T T5UR BN Al S8 A e ok o ASERUTE i U R3O0 T AT TS 0E 76 AP 25 i I B IX TR 4
TAIT TSNS, B A I AR S A
4. ¥Wig

AT 200 BIALIRERIA G B, 50 GIRAERLE KM, KAER 25.0%, S5CEIRIE L, #7n
FLE KPR G H W RE, EAREE T T FRARE K. ZRESHPTER, BMIL. RAT#E CTV i
B KRBT BRERE . BOE . Iss th g g . AR5 B K s 3L 55 K Bk ST S B DR 2

BMI Ft 5 5 FL 5 K XU IEAH 9G(OR = 1.43), S5 E N M LS5 —EL[9] [10], AE A8 8 kA
51 B ARSI AC X117, IRRFnsE s BML B RETA e S ARG BEEIRS. AR E R
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Figure 5. Model profit curve and decision curve

5. HRBMN R ISR R AL

i bk EE 2 4 B N B A, B2 A R SR R 28, ALND %58 SLNB 7K Ji XU St 3 7
[12], CRFFLIRAMERATT “BEMBL 7 adh . RIGIERIC RO ERF FE(OR=5.25), ik @tk &
i PR ST SO G RN, BRI A e i I (OR = 3.21) 38 o i 8 Th R R i 384 im
P P D 3 T = 8

AHIE T VAR SZ AN R J1 5 L KIS T M 96 [13], FTREIEIE ML - ik - S A Tk R Th
ﬁ&%%%%%%E%%ﬁﬁﬁﬁﬁ%#%%ﬁ$mﬂp%%L*7ﬁﬁ&l%ﬁﬁ%%%ﬁﬁ%%m
i AR TR A1 26 1], U254 AUC = 0.866, 1:HERE K 4 (Hosmer-Lemeshow £33 P = 0.1109), #5 #fi Z&1F
SEHIGRSZH 1, Bootstrap P 3 IGIE B AR B A2 52 PEUF (R IE G AUC = 0.852).

AN AN T L KT TR A2 A, AR G I RS A R, RS B R R e A
B SRR TR 15] [16], HAH SETINBRIE X —OHEK R, AKMR AP A0 A

K FAFAE A ORI BT FEARERNERR, RKFEIEZ PO aiiEEm T, KA
ERBEVTI ], SEBIRITATICT, B E R BUR KPR AR SO R R 5 AU oG8, 3 —
RATAER . 25 b, ZAVRE N FLE KA R B T30 TR, LB VA A 1Ak 35 e S

5. &t

1) AHF 5T b AL ORFLAR G 2L 55 KM A R A2 209 25.0%, AL R A A AR TG 8 A H
2) BEEHEAR, BMIL RETFLG: CTV KRR RATBREE . T A S8, B ) R A

DOI: 10.12677/jcpm.2026.52171 687 & RAN AL B2 2


https://doi.org/10.12677/jcpm.2026.52171

AR, ARHCE

gy WE AR A, i B S R K R A DR (P < 0.05).

3) £ Logistic [BVA23#7 f.7x, BMI(OR =1.59). ARiFLE CTV /AFI(OR=1.01). ARl IkE
(OR = 11.76) EHE ST ER L/ (OR = 1.14). 5 M ELEEFI(OR = 8.41) LKA 5K YL(OR = 8.36) 2+
FAARSEFL 5 KB AL fE KR 2 (P < 0.05).

4) BT EIR 6 WRRMWEMRETMINLE, ENLGEFT AUC N 091 (95% CI: 0.85~0.97),
Hosmer-Lemeshow 36 P = 0.142, & Hh 28 Bom TN 2 5 S2BR & 4R 2 — B0 80T .

5) ZARTUAE N EREGIEAE TR ) AUC SN 0.71 (95% CI: 0.55~0.87), UK N 40.0%, HF5EHN 82.0%,
PORBERAEE — B WG, R IE R — P RIE.

6) RFEML TR, TEREMBEMEGEN, SRR T “STH” 5 “LTm” K
B .

eI ER

AT T AR Sk T R B e 18 BE 2% 04 2 W A At v
A SEIR PN IPSI ACTD =

&E ik
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