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A nomogram model based on multimodal imaging features combined with clinical factors predicts the
efficacy of neoadjuvant chemotherapy for breast cancer
RUAN Ye, LIU Xing—yuan, CAO Si-wei, JIN Yan—tong, ZHANG Wu-yue, ZHAO Ming—ming, WANG Yang, GAO Bo
(The Second Alffiliated Hospital of Harbin Medical University, Harbin 150001, China)

Abstract: Objective: To explore the predictive value of the nomogram model based on full-field digital mammography
(FFDM), ultrasound(US) and clinical—pathological factors in predicting the efficacy of neoadjuvant chemotherapy(NAC) in breast
cancer patients. Methods: The clinical and imaging data of 202 breast cancer patients were retrospectively analyzed, and the
patients were randomly divided into training set(n=141) and test set(n=61) at a ratio of 7:3. In the training set, Lasso regres-
sion and multivariate Logistic regression analysis were used to screen predictors and establish a nomogram prediction model,
and the model was validated using data from the testing set. The area under the receiver operating characteristic (ROC) curve
(AUC), calibration curve and clinical decision curve analysis(DCA) were used to evaluate the diagnostic efficacy of the nomo-
gram model. Results: A total of 202 breast cancer patients were divided into pathologic complete response(PCR) group(n=53)
and non-PCR group (n=149) according to the pathological results after NAC. The results of Lasso regression combined with
multivaritae Logistic regression analysis showed that ER status, HER-2 status, FFDM tumor maximum diameter and US tumor
margin were predictors of PCR after NAC in breast cancer, and a nomogram model was constructed to predict the efficacy of
NAC. In the training set and validation set, the AUC of the model was 0.913 and 0.881, respectively, and the nomogram
model had good discrimination. The optimal threshold of the nomogram based on the ROC curve of the training set was
132.33. The calibration curve showed that the actual probability of the nomogram model was close to the predicted probability,
and the model fitted well. The clinical decision curve showed that the model had good clinical applicability. Conclusion: The
nomogram model based on FFDM, US imaging features and clinical factors can accurately predict the efficacy of NAC in
breast cancer, providing a valuable reference for the clinical formulation of individualized treatment plans.

Key word: Breast Neoplasms; Radiography; Ultrasonography

FUBE SR LSO MAET R iR m BRI — 4, & PARIBAERYFLIRE B Thb, 7EFLIRIRT W
BT i J7 (Neoadjuvant chemotherapy, y %E Z% f# (Pathologic complete res onse, f
4 B AL JF (Neoad; hemotherapy ,NAC)fE &y B 5¢ 4 28 fif (Patholog pl p PCR) #
— R RGMERIT T BT T RS ESA R AR EER IR S A F PCR Y 88 R
[ %5 B #A] 2024-05-30;[1& [E H #7] 2024-08-05
[fEZ B ] BLEF (2000-) , L, BIEVL KRR A M HAF5E 42 . E-mail : ruanye2000@163.com
(BB IEE] i, M R U B R 2 B IR 5 — B2 e iU A, 150001 . E-mail : gaobo72519@hrbmu.edu.cn
[(E€TBE] MK ARSIV (%55 62172129),



o I R B2 2 A% 2% 2025 AR5 36 4555 3 1 ] Chin Clin Med Imaging, 2025, Vol.36, No.3 -163-

B AR TONE A A B AR A R I 52 e X
W, B EAEAR R R RS, SR AN T A LR
B AR N NAC i Z 22 K8 PCR, W LAY 2 &
VRN E BT NAC 367 5 g S, H AL
I o3 F o3 AU RN e BRI A MR A R I R R
NAC J7 U $8 b , (2 AERH A G0 Pt 38 )7
B IC A 5 HERA 1Y A X NAC J5 BB 75 15 5] PCR
PEAT VAT T HU , FH R 8 3 IR 1 A A4k K E )
BIT S IR X Z8% 5 (Full-field
digital mammography, FFDM) I 7 (Ultrasound , US)
SEIZ WL IR 1 B G A R A TR . ARSI H
B e A FLIR FFDM Al US 25808552 A8 R 1IE A I IR
o 3R] 2 A 4] 4 PRI A R R L T FL AR 9 NAC
SR A , B AE A IR R B B0 NAC J5 2 A figih
#| PCR £t 2% |

1 #ABEFE

L1 s R FA

[m] Joi 4 43 A 2017 4F 1 H—2023 4F 9 H FI3/K
B R R 2= B E 2R B BEAT NAC R YT 9 202 i 5L
g BB, DL 703 1 E K R 3 B AL 2 R I 2R (n=
141) AR AE (n=61) . N AFRE : OWE K 50 V) B bR
AR 2 41 4 g B2 A A I S 0 FLBR O R @b B Ay
FLIR S B %, O7E NAC 5 #2 W BEG B F A ;@
HA 52 FFDM F1 US 4 A K 1% & IR IR ik BE 7%
o HEBRARE . D2 kR U B B B L AR ; @
FFDM F1 US K 45 i F7 NAC 8807 ; @4 32 kA
IRIT IR 52 NAC 77 % ; WFFDM #1 US K A /17
ZERITEHE
12 ME5F %

FFDM %4 . >k H1 92 [# Hologic Lorad Selenia 4>
B A FUIRBLAR K B A7 (CC) A AMI A&z (MLO)
FUBRAR & R, o B IR 7, FFDM U35 i
PLEA 10 4 DL LR 2 ARI2 W 42 50 1 5 A= 76 R A
o BS54 15 B0 R ST 2 W, A 43 B IR 3 [R) R O o
. ZIRE 5 MUFLIR AR PRI 2248 (BI-RADS)
X A8 HEATIEAL

US Ki#t . K HI Vision Avius ¥ {6 £ 3% 8 #
FZWHL, AR BEIR Sk A% 4~15 MHz, H38 B
RN HLCT 128 DLt 43 2 5 B LR B ML ES , 746 3k
5 0 kA BN b A AR R R B AR AT 4
TR A, A 3B i e [ R i e oo Adler® 3 4k
B ok 1~3 9, Horp 0 o il i, 1 %k D i
M3, 2~3 Gk F & M, SIS0 %80:1~3 5k
&5 ,4~5 43 M.
1.3 W Rk 22 504

BE LI PR 5 2R TR AL HE AR IS IR R AL
(BMI) | llf K T 43491 #8052 146 (ER) (A R 2 14
(PR) AR B E KN T 32 K -2 (HER-2) | Jif 4 18
SHAEHL(Ki-67) . ER 1 PR B BIE 4 = 1% ; HER-2
A AU 2= G5 R (v++) WA, (+) WM, (++)
e AT 9N R A 2% 22 (FISH) , A3 9 38 ] HER-2 FH
P Ki-67=20% #5435 . M4 Miller Payne #5ifE"
VP R BT 1 e A B B H R e 2 G
240 M E H b <30% ,3 Pl b 30%~<90% ,4 9
B =90% ,5 9 R IR IR BB AL YD oK i i P b g 2
. Mo, 1~4 08 HE PCR,5 9000 PCR,

1.4 BAMEL BRI

BN R4 b i A8 1 R B Lasso 9105 4387 64748
O 1E o O 18 BT 15 AR AT 2 R Logistic 1114
AT FLIR I NAC 7 %00 T R 7, 44 E 91 26 5]
B, Gl 32 TAERAE (ROC) i Ze i it 28 T 1
Fl(Area under curve, AUC) M #H £& A1l IR P 3%
(Decision curve analysis, DCA ) i1 £& X 455 Y [ i 1)
RUBEHEAT VAR
1.5 %itFrk

N R 4.2.1 BAFFEAT G 0 AR IR S )
A B T BORER T b AL K (DY 4 £ B ) (M(P25,
P75)) %R il it Mann—Whitney U £ 56 #1740 1] Lt
B THECRBER B (%) R 2R LR F X2 A
55 5% Fisher ¥ #f £ % . 31 % ROC M £ i 5 K
Youden 8 £ 51 4k B 0 fe £ B, P<0.05 Ry 2% 5+
AGitrm L.

2 #R

2.1 BHEAZFAHER

AbgE g A 202 FIFLIR R B UL NAC Y7 /2
S5 U R JF R B 5 15 #1) PCR K& 70 b PCR 4
(n=53)F14E PCR 41 (n=149) , 7E Il Zr 8 A AL 7]
BEIREH R G222 5 (P>0.05) (% 1),
2.2 Lasso B2 5 #7

BT A B A Lasso [ AR 5@ id 10 £538
SO TIE B Fe A N L, AR k5 A AR AE
ER PR .HER-2 FFDM M9 fie K B A% S US M ki
Z (K 1,2),
2.3 % W% Logistic ®)3 547

¥ Lasso MG E B ) 5 M EZEMAZLH
% Logistic [FIHAAY 45 5 75 . ER (HER-2 . FFDM
i 96 e K B AR f US it deih 202 NAC J5 PCR 5%
Ml 5 & (P<0.05) , 1 PR £ 2 [ & Logistic MIH /55
PCR WY R IFA R FH (P=0.074) (£ 2),
24 FILEHERET R IKIE



-164- oI R 5 25 A% 2% i 2025 4F26 36 4558 3 1 J Chin Clin Med Imaging, 2025, Vol.36, No.3

R ONDEELRAE B ER

I (n=141)

TiXLE (n=61)

I PH PiE
4k PCR(n=106)  PCR(n=35) 4 PCR (n=43) PCR(n=18)
A FrREEE(Q1,Q3) 52(43,59) 52(46,59) 0.789 53(48,61) 54(51,56) 0918
BMI FRE(Q1,Q3)  25.4(228,27.1) 23.7(21.8,26.6) 0208 25.00(23.40,26.70)  23.60(22.15,26.80)  0.420
Tl 40(38%) 16(46%) 14(33%) 4(22%)
T 43 ] ™ 62(58%) 18(51%) 0.770 28(65%) 13(72%) 0.581
T3 4(4%) 1(3%) 102%) 1(6%)
B 24(23%) 23(66%) 13(30%) 11(61%)
ER [ERCS 82(77%) 12(34%) <0.001 30(70%) 7(39%) 0.024
B 30(28%) 27 (17%) 16(37%) 14(78%)
PR [ERCS 76(72%) 8(23%) <0.001 27(63%) 4(22%) 0.004
4 88(83%) 9(26%) 38(88%) 2(11%)
HER=2 B 18(17%) 26(74%) <0.001 5(12%) 16(89%) <0.001
. %3k 20(19%) 3(9%) 10(23%) 1(6%)
Ki=67 ik 86(81%) 32(91%) 0.153 33(77%) 17(94%) 0150
o Jesem 45(42%) 11(31%) 17(40%) 6(33%)
/7] 7’(‘ IJ . .
FFDM fi {#2% 2 A 61(58%) 24(69%) 0-248 26(60%) 12(67%) 0.649
FFDM Jis5d 2 72 FRE(01,Q3)  2.88(240,3.50) 270(2.25,3.12) 0077  2.70(2.46,3.45) 2.81(2.51,3.18)  0.825
R SR 37(35%) 18(51%) 14(33%) 10(56%)
FFDM fif 8 o N 69(65%) 17(49%) 0.082 29(67%) 8(44%) 0:094
I I 55, 5 54 7 12(11%) 3(9%) 9(21%) 2(11%)
FFDM Hog R T HL I 94(89%) 32(91%) 0.762 34(79%) 16(89%) 0481
. E13 R 6(60%) 28(80%) 25(58%) 16(89%)
Uk : . .
FFDM ol & [EREN 42(40%) 7(20%) 0.035 18(42%) 2(11%) 0020
s Xk 51(48%) 21(60%) 22(51%) 10(56%)
FFDM i 55 o 0.223 0.754
WEFEWES 55(52%) 14(40%) 21(49%) 8(44%)
A . X 51(48%) 12(34%) 20(47%) 7(39%)
b 11 %
FFDM 57 T SEE L <3(5290) 23 066%) 0.154 23 (530) D619 0.585
- S 64(4%) 4(11%) 2(5%) 2(11%)
Heih 2 %t ) .
US sk A 102(96%) 31(89%) 0-105 41(95%) 16(89%) 0.574
. e X 81(76%) 29(83%) 29(67%) 15(83%)
bz L2} i
US BRI EIFER o 25(24%) 6(17%) 0425 14(33%) 3(17%) 0-207
[ AV T 45(42%) 15(43%) 19(44%) 8(44%)
US BB M A FS Fog 61(58%) 20(57%) 0.967 24(56%) 10(56%) 0-985
o 4 51(48%) 17(49%) 19(44%) 10(56%)
MR yA
US BFSRSAE AR <5(520) 18(519%) 0.962 24(56%) S (%) 0.417
o 14(13%) 6(17%) 3(7%) 1(6%)
S &k . .
LSS AL 92(87%) 29(83%) 0-581 40(93%) 17(94%) >0.999
232222201918 16141176 5 3 2 1 18 8 2

1.3
1.2+

...........
o

1.1 o

T A 2

B 1 it Lasso 57 ¥
WERAEN, B2 Las-
so [A A5 i ok 5 B AR

Figure 1. The optimal

1.0

0.9
0.8
0.74

s
.
s
s
3
s
s
3
s
3
3
3
3
%,
0004

o
o
it
e

N value is determined by
the Lasso algorithm. Figure

2. Lasso regression variable

Log(N\) ®

FT ZHE Logistic [ I % H (14 52 i [ & 22
il B EIRL AL (18] 3) , BT IIZR4E R ROC i 4 i
H1) 28 ] 5 78 1) Fe 4E: ) {E (Youden 48 500 0.63) K
132.33 73 TR B E T PPA A Y 0 F000 68 1, FLABURE
BE R 80% , FE 5 BN 83% , HEHf TR 82%, K1 3 ik
o 15 3k BT 4 Ak B CAZ A RS i B A M, 1 4k IR A A

selection path diagram.

T
-6 -4 -2
Log Lambda @

EUZEH R AUC 4 0.913(95%CI:0.867~0.959),
FEMRAE 1 AUC 4 0.881(95%C1:0.798~0.967) (&
4) A it 2 s AU AL BE G | 3 WA A 1Y) i I
HES AN S PR R — 20 (& 5), DCA #h 4k B R84 &
B AE Y1 25 A 4 v 25 SR AR T 12 BIE A R,
AR I R IR AT I R M Be A 4r (1El6) o



e I R B 24 5 A8 2 R 2025 4E2F 36 %545 3 1] J Chin Clin Med Imaging, 2025, Vol.36, No.3 -165-

x2 WNgGELZHE LOgiStiC 9 A gk R e 0 10 20 30 4 S0 60 70 80 90 100
FEAE n Event n OR 95%CI P ER LT | e
e
N [ 4 94 12 e
ER B 47 23 424 109-1763 0039 PR et
mre
PR P 8 8 337 oso-3az oona  ER e

1 57 27

FFDM H*@ﬁﬁi 8 75 7 6.5 6 5.5 5 45 4 35 3 25 2 15 1

344 97 9 L
HER-2 [ a1 2% 13.63 4.63~46.35 <0.001 US BN re
FFDM fif 38 B 2 141 35 050 027~0.79  0.010 Ay euiot
0 20 40 60 80 100 120 140 160 180 200 220
Nk [
US i il % jﬁ;;gm 133 341‘ 8.84 1.51~57.80 0.017 PCR ¥ &L 150 T TR T ©)
B 3 FLARIE B E NAC YT AU 51 2 IR BT
A ) an & 7 F)?/T\‘o Figure 3. A nomogram prediction model of NAC efficacy in
breast cancer patients.
3 it

J 38 %F NAC WA RN, & 2 /D JUE 5 7 NAC )

NAC AE 67 FUME O 2T B, al DL/ sl 22 0t BT 520 2 e 00 Bk R 1 9P NAC 11

i PR RFLR BT P ARFUREREG T TR JF RO MR B R PCR MR NAC 3697 )
E@#Lﬂ%%ﬁs[ﬁ KREBBHE NP, R aFL MO AFRIETECS FFDM A US 2818514

1.0 100% 100%
0.81 75% 75%
0.6 auc: 0913 {;— :;
2 AUC: 0,381 = 50% = 0%
B 041 T X
021 25% 25% A
|
— W%
0.0, . ‘ ‘ : : 0%~ 0% -
00 02 04 06 08 10 0% 25%  50%  15%  100% 0% 25%  50%  75%  100%
14 50 B 8% Sa B 8 % &b
— #m — e N ‘
0254 23 0.37 28 B4 FILEFTE ROC LK, BS
- — & } =% i o . .
: - : SRR R et 2181, Bl 6 ALk PR A
e 015 : w 2 - - iy DCA MIZE . 7 a WIS, b it g
B E E=S Figure 4. ROC curve of the nomogram.
i "X & 0.1 N e . -
0.05 - VW A J | Figure 5. Calibration curve of the nomogram
i 0.0 model. Figure 6. DCA of the nomogram model.
~0.05- Note: a is the training set, b is the testing set.
T T T T 1 T T T T
00 02 0.4 06 08 00 02 0.4 0.6 .
sy ©a mrgi ©b
/]},%ﬂ( o 10 20 ?0 40 50 60 70 80 90 100
ER - Hr
PR =TT
HER-2 il
FFDM MR EAS 75 7 65 ¢ 55 3 45 & 35 5 35 3 0 4

/El\ﬁ 0 20 40 60 80 100 120 140 160 180 200 220
@ PCR J7 2 T 07 07 0304050607 08 as@d

B 7 FLEEI e NAC 7B . [ 7a,7b . FFDM % CC {7 K MLO 7 78 M e e R HAR R/ K 3.8 em; I8 e US 4 W om I Hei 0
B 7d %8 ER B PR B HER-2 B 85I R KT 304503y 29.25+24.71+52.74+59.99+43.79=210.48 43 , K T 51 £ P B4 B4 119 d5 £ 1)
{8 132.33 43, 4 hii NAC A B BN AL >90% ,  H 2 A J5 5 BRIESE % 8 4 7€ NAC J5 i5 %] PCR,

Figure 7. Prediction of NAC efficacy in breast cancer mass. Figure 7a, 7b: The CC and MLO views of the FFDM images showed that
the maximum diameter of the mass was 3.8 cm; Figure 7c: The US image showed that the margin of the mass was smooth; Figure 7d: The
patient was ER negative, PR negative, and HER-2 positive; Calculated score via the nomogram was 29.25+24.71+52.74+59.99+43.79=210.48,
which was greater than the optimal threshold of 132.33 points for the nomogram model, the predicted probability of response to NAC>90%.

And it was confirmed by postoperative pathology that the patient achieved PCR after NAC.
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