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Monitoring of clipped axillary lymph node by ultrasound to predict response of breast

cancer to neoadjuvant systemic therapy
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[Abstract] Objective: Combined ultrasound and axillary metastatic clipped lymph nodes was developed a model to predict the
pathological complete response (pCR) of axillary lymph nodes in clinically lymph node - positive (¢N + ) breast cancer patients after
neoadjuvant systemic therapy (NST). Methods: Eighty-eight patients were randomly assigned to the testing or validation set at a ratio of
7: 3. Before NST, the lymph nodes most suspicious on ultrasound images and confirmed as metastatic by pathological biopsy were
selected and marked with a titanium clip under ultrasound guidance. Univariate and multivariate logistic regression analyses of the
testing set were performed. A risk score model was developed based on the results of multivariate analysis. Results: The axillary pCR
rate was 48% (42/88). Hormone receptor status, N grade and changes in the number of abnormal lymph nodes were determined by
ultrasonography, and changes in cortical thickness of the clipped lymph nodes were identified as independent factors and established
the risk score model. In the score range of =13 to =9 and 1 to 10, the axillary pCR rate of the testing set was 100% and 0% ,
respectively. The area under the receiver operating characteristic curves of the testing and validation sets were 0.931(95% CI: 0.868-
0.994) and 0.762 (95% Cl: 0.576-0.947) , respectively. Conclusion: The risk score model based on ultrasound and clipped lymph
nodes accurately predicte the axillary lymph node status of breast cancer patients with ¢N+ after NST. When the risk score was

between —13 and -9, the false-negative rate of axillary lymph node metastasis was 0% allowing these patients to avoid axillary lymph
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node dissection and a series of complications.
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A, B: The same clipped lymph nodes (LNs) pre-(A) and post-NST(B) in a 41-year-old patient. Metastasis was confirmed in one residual LN (1/

25). C, D:The same clipped LNs in a 62-year-old patient who achieved an axillary pathologic complete response after NST (0/24).
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Figure 1 Ultrasound images of clipped lymph nodes
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Table 1 Patient characteristics [n(%)]
Characteristic Total Testing set Validation set P

Age 0.757
<40 years 1214 8(13) 415
= 40 years 76(86) 54(87) 22(85)

Clinical T stage before NST 0.725
cT1 6(7) 5(8) 1(4)
cT2 67(76) 46(74) 21(81)
¢T3 1517 1118 4(15)

N grade by US before NST* 0.552
1 5461 36(58) 18(69)
2 23(26) 1727 6(23)
3 11(13) 9(15) 2(8)

Histologic grade 0.703
I 22(25) 1727 5019
I 39(44) 27(44) 12(46)
Unknown" 273D 18(29) 9(35)

Miller-Payne grade of breast lesion 0.242
1-3 4147 32(52) 9(35)
4 2427 14(22) 10(38)
5 23(26) 16(26) 7(27)

HR status 0.796
- 42(48) 30(48) 12(46)
+ 46(52) 32(52) 14(54)

HER2 status 0.715
- 50(57 36(58) 14(54)
+ 38(43) 26(42) 12(46)

Axillary LN status post-NST 0.283
pCR 43(49) 28(45) 15(58)
non-pCR 45(51) 34(55) 11(42)

a: The suspicious axillary LNs were initially classified into four categories according to the AJCC guidelines: grade 0(n=0), grade 1 (1<n<3),

grade 2(4<n<9), or grade 3(n=10). b: Patients with Miller-Payne grade 5 and part of grade 4 were not assigned a histological grade due to insufficient

tissue volume.
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Table 2 Univariable analysis of baseline characteristics of the testing set [n(%)]
Residual axillary-nodes metastasis
Characteristic Total No(n=28) Yes(n=34) OR P
Age 1.022 0.67
<40 years 8(13) 4(14) 4(12)
=40 years 54(87) 24(86) 30(88)
Clinical T stage before NST 1.101 0.92
cT1 5(8) 207 3(9)
cT2 46(74) 19(68) 27(79)
¢T3 11(18) 7(25) 4(2)
N grade by US before NST 5321 0.02
1-3 36(58) 17¢61) 19056
4-9 1727 8(28) 9(26)
=10 9(15) 31D 6(18)
HR status 3326 <0.001
- 30048 21(75) 9(26)
+ 32(52) 7(25) 25(74)
HER?2 status 0212 0.13
- 36(58) 12(43) 24(71)
+ 26(42) 16(57) 10(29)
Change to tumor size by US* 0.42
<30% 16(26) 4(16) 12(36) 2586
>30% 46(74) 24(84) 22(64)
Change to tumor color by US 0.44
<0 10(16) 4(14) 6(18) 1.607
1 27(44) 10(36) 17(50)
2 18(29) 10(36) 8(24)
3 7C1D) 4(14) 3(9
Change to N grade by US" 0.20
<0 27(44) 8(29) 19(56) 0.004
1 25(40) 11(39) 14(41)
=2 1016 9(32) 1(3)
Change to cortical thickness of the clipped nodes <0.001
<3 mm 15024 31D 12(35) 0.009
>3 mm 47(76) 25(89) 22(65)
Fatty hilum status of clipped nodes pre-NST 0.83
Appearance 12200 7(25) 5(15) 0.864
Partial disappearance 20(32) 9(32) 11(32)
Complete disappearance 30048) 12(43) 18(53)
Fatty hilum of clipped nodes post-NST 0.64
Appearance 34(55) 19(68) 15(44) 0.577
Partial disappearance 1118 621 5015
Complete disappearance 17C27) 31D 14(41)
Clipped node color post-NST 0.42
Hilar blood flow 44(7D 24(86) 20059 5.508
Non-hilar blood flow* 18(29 4(14) 1441

a: Change to tumor size by US based on the Response Evaluation Criteria in Solid Tumors. b: Change to N grade by US based on the last ultrasound
evaluation value minus the first evaluation value. ¢: Marginal blood flow; central blood flow; mixed blood flow (marginal + central blood flow). OR: odds

ratio
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Table 3 Multivariate analysis of predictive factors in the testing set
Reference B Point=
Characteristic B OR 95%C1 P value(W,) (Wus=W,)  D/B* Score

N grade by US before NST 1.592 4911 1.374-17.560 0.01

1 0=W iger 0 0 0

2 1 1.592 22

3 2 3.184 44
HR status 3.097 22.124 3.499-140.005 0.00

- 0=Wger 0 0

+ 1 3.097 4.2
HER?2 status -1.467 0.230 0.045-1.190  0.08

- 0=Wger 0 0 0

+ 1 -1.467 =20 -2
Change to N grade by US -1.581 0.206 0.054-1.780  0.02

<0 0=W.ger 0 0 0

1 1 -1.581 -22 2

=2 2 -3.162 -44 -4
Change to cortical thickness of clipped nodes by US" -3.614  0.027 0.002-0.356  0.00

<3 mm 0=Wspgr 0 0 0

>3 mm 1 -3.614 =50 -5

a: D=B (Wi::—W;) , representing the distance between the baseline value and every sub classification. hb=0.2X3.614, representing the unit distance

for every one point. B: Cortex thickness was calculated as the short diameter of the LN without a fatty hilum. CI: Confidente interval.

4 MABEFIIEIEA KB ITE M REL R 1 RE

Table 4 Performance of the risk score model with the testing and validation sets

Testing set Validation set Axillary pCR
Score Simplified No. of No. of Axillary pCR No. of No. of Axillary pCR No.of  FNR
seore cases axillary pCR rate(%) cases axillary pCR rate(%) cases (%)
-13t0 -9 1 4 4 100 3 3 100 7 0
-81to -6 2 13 12 92 2 1 50 13 13
-5to0 -4 3 9 6 67 4 3 75 9 31
-3t0-2 4 14 5 36 5 3 60 8 58
-1t 0 5 8 1 13 6 3 50 4 71
11010 6 14 0 0 6 1 17 1 95

FNR: false-negative rate.
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Figure 2 Receiver operating curves for the testing and

validation sets
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