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Predictive Model of Axillary Pathological Complete Response After
Neoadjuvant Chemotherapy for Axillary Lymph Node-positive Breast

Cancer Combined with Ultrasound Features
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Abstract: [Objective | To determine the complete axillary pathological complete response(pCR) rate and its influ-
encing factors of breast cancer patients with axillary lymph node positive confirmed by hollow needle biopsy after
neoadjuvant chemotherapy(NAC), and to establish a prediction model by integrating ultrasound imaging features with
known clinicopathological features, so as to provide information for the degradation of axillary treatment of breast
cancer patients after neoadjuvant chemotherapy. [Methods] The clinicopathological data and ultrasound imaging
features of 481 breast cancer patients admitted to the Cancer Hospital Affiliated to Harbin Medical University from
January 2017 to December 2018 were analyzed retrospectively. A binary Logistic regression model was used to ana-
lyze the relationship between clinicopathological characteristics and ultrasound characteristics and the pCR of axil-
lary lymph nodes after NAC for univariate and multivariate analysis. The indicators with independent predictive ef-
fect in multivariate analysis were used to construct the predictive nomogram of axillary pCR after neoadjuvant
chemotherapy, and the receiver operating characteristic(ROC) curve and bootstrapping method were used to verify
and calibrate the model. [Results] Among 481 patients, 147 (30.6%) achieved axillary pCR. Univariate analysis
showed that molecular typing, clinical efficacy of primary breast lesions, whether the boundary between skin and
medulla of lymph nodes was clear(P<0.001), whether there was blood flow signal in color Doppler flow imaging(CD-
FI), long diameter and short diameter of lymph nodes were related to axillary pCR. Multivariate analysis showed that
molecular typing, clinical efficacy of primary breast lesions, CDFI blood flow signal and short diameter of lymph
node were independent predictors of axillary pCR. Compared with the prediction model using clinicopathological
features alone, this model has better recognition performance (area under ROC curve, 0.784 vs 0.694, P<0.001).
[Conclusion ] The prediction model of axillary pCR for axillary lymph node positive breast cancer after neoadjuvant
chemotherapy combined with ultrasound features significantly improves the prediction ability of the model only using
clinical and pathological features, and provides reference for selecting suitable patients for less invasive axillary
surgery after neoadjuvant chemotherapy.
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Table 1 Clinicopathologic characteristics of breast cancer
patients with or without axillary pCR[n(%)]

Patients with Patients without

ZoHr, KRN o BoA St O R

Characteristic axillary pCR  axillary pCR X P
PRI Logistic AR R 1T Z2 2 07, BT (@=147) (0=334)
BTN S, P<0.05 WA G213, iMI(<kg’m2> u 27335 24832367 e i
- . ge(years o d !
K H 2 2 WE 20 81 il ss pCR A At 37 <40 18(12.2) 55(16.5)
U F5 B AL s pCR T Y 31 2R 1, 2 il A2 40~60 110(74.8) 236(70.7)
K H TAEFFE (receiver operating characteristic, =60 19(12.9) 43(12.9)
ROC) ik JlAHST ROC M2 FirBUFfig  Mowmssse o e e
N e o ) - . N A TIA re-menopausa b d
BB e e, R H] Bootstrapping ER R Post-menopausal 88(59.9) 177(53.0)
BRI A HEFE | JF sl R it 2 Family history 0220 0.639
Yes 18(12.2) 36(10.8
No 129(87.8) 298(89.2)
2 & B T stage 4602 0203
T, 32(21.8) 51(15.3)
21 MEREXSEZMRERBXEE T, 99(67.3) 228(68.3)
481 I # AT 147 155 8L T %S pCR, i I;gfg 33‘(71(;‘1‘;
NAC JF M pCR %0 30.6% . HHRAHTE ' 141 0208
D s . U N 3 S )7 R e N, 103(70.1) 203(62.0)
BE 4> AW M CDFI LS 5 . e K N, 11(7.5) 37(11.1)
fo. WLARLR S NACIRIMCE pCR RHHERT N BE24) 90269 s oale
S (Table 1,2). ZHZE ST R34 T4 5L e .
JR D s PRI %% (CDFT A5 5 . R 4508 1B 73(49.7) 150(44.9)
WS pCR S B0 R 25 L 55 Luminal A | A 17(11.6) 53(15.9)
Luminal B %P B A He | Her-2 BT PE B = B #E ﬂi 33(32(22; 9;(1;;;
?Lﬂﬁﬁrﬁl NAC EE%%?UW% pCR;géLE%}EE NAC regimen . . 6.891 0.075
kb SE I IR 58 4 22 i 4 0 5 ik BB pCR (P= AC-T 92(62.6) 200(59.9)
0.048) ;NAC Ji ik B 25 Jad A% 4 i 8 Jo B 25 &) ik AT 30(20.4) 91(27.2)
S5 pCR; K ELSE CDFL JE I 75 54 0 5 Herceptin 140:5) 1482
i o Others 11(7.5) 29(8.7)
L e pCR(Table 3), Molecular subtyping 25.905 <0.001
22 HEBHITERERESSERIZEN Luminal A 11(7.5) 51(15.3)
Fehva Luminal B 54(36.7) 179(53.6)
TE L P22 407 25 S A SR 3 5 i 4 4B Her-2 enriched 45(30.6) 56(16.8)
om g , U ., Triple negative 37(25.2) 48(14.4)
s E/T%?A#%:‘{EE (CDFI [ﬂl{ﬁ{ﬁﬁ \//ﬂ( Eéﬁ@{é)*ﬂ Clinical primary tumor response 19.314 <0.001
AT 0 I PR B AR AR (4340 Y FLR R CR 9(6.1) 5(1.5)
RILERITRL ), AL DR T NAC J5 K PR 130(38.4) 258(77.2)
%5 pCR 1YWL (Figure 1), 435131591 28 Pl th 4y SD 6.4 6619.8)
PD 0(0.0) 5(1.5)

TR FLIR R & LG PRI T 2L CDFI I A5 5 |
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— AT o (E B AR A5 206 R F 55 6 471
43, R R 3 B e SR B AT A5 B4R B B NAC R
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Table 2 Imaging characteristics of ultrasound in breast cancer
patients with or without axillary pCR

Patients with Patients without

Characteristic axillary pCR  axillary pCR X/t P
(n=147) (n=334)
Long diameter of LN (mm) 8.38+5.25 12.13+6.63  =31.933 <0.001
Short diameter of LN (mm) 4.58+2.54 6.81+3.85  1=36.495 <0.001
Long/short diameter ratio 1.70+0.53 1.78+0.48 =2.880  0.090
Boundary of cortex and medulla x’=24.507 <0.001
Clear 90(61.2%)  122(36.5%)
Not clear 57(38.8%)  212(63.5%)
CDFTI blood flow signal *=41.818 <0.001
Yes 45(30.6%)  212(63.5%)
No 102(69.4%)  122(36.5%)

Table 3 Multivariate Logistic regression analysis for predicting axillary pCR

Characteristic B SE Wald OR(95% CI) P
Molecular subtyping

Luminal A - - 31532 1.000 <0.001

Luminal B 0.230 0.396 0.338  1.259(0.579~2.738) 0.561

Her-2 enriched 1.333 0.430 9.609  3.792(1.632~8.807) 0.002

Triple negative 1.633 0.443 13.601 5.119(2.149~12.191) <0.001
Clinical primary tumor response

CR = = 7.915 1.000 0.048

PR -0.722 0.660 1.195 0.486(0.133~1.772)  0.274

SD -1.785 0.766 5.432  0.168(0.037~0.753)  0.020

PD -20.641 16691.791  0.000 0.000(0.000)  0.999
Long diameter of LN (mm) 0.001 0.043 0.000  1.001(0.920~1.089) 0.986
Short diameter of LN (mm) -0.190 0.088 4.666  0.827(0.696~0.983) 0.031
Boundary of cortex and medulla

Clear/ Not clear -0.215 0.257 0.702 0.806(0.488~1.334)  0.402
CDFT blood flow signal

No/Yes 0.887 0.257 11.963  0.412(0.249~0.681)  0.001
s 0 10 20 30 40 50 60 70 30 90 100

Luminal B Triple negative
Molecular subtyping
Luminal A Her-2 enriched
sD CR
Tumor response . - - :
PD PR
No

CDFI blood flow signal 'P\—‘
Short diameter oL LN e 2422 1220 2018 1816 1604 112 100 108 $6 64 42 20
Total points 0 20 40 60 80 100 10 140 160 18 200 220
Probability of nodal pCR 001 005 0.1020304050.60.708 0.9 0.95

Figure 1 Nomogram for predicting the probability of achieving an axillary
PCR after NAC in patients with axilllary-positive breast cancer
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HIRCET B R B L 2Ok i 1)
TARFIBIT®, BRI T NAC
I 5 b B2 25 B P NAC IS
115 4 B P # 15 SLNB E # K
ZEE R FH I EZ, BX)
T NAC i IES Ik T 45 BH 1
H, PPARTE R AT PEAS NAC
J e Rk AR S L AR
S B 0 1 I DR R A B AR 2
oAy, G0 B R iR )
3 bk T8 45 R S 1 A A 1 A
XPEAR, BE A IRITA R BT
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W 5% 5 A I B R S T R
AR Ay e 5 28 B0

25 2 22 IR SR I B
25 BAE 1 7L g A8 NAC 5
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Figure 2 ROC curve for predictive performance of integrated
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Figure 3 Calibration curve of axillary pCR prediction model
for axillary lymph node-positive breast cancer after NAC
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