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Abstract

Key words

Background and Aims: Over the recent years, the incidence of breast cancer is increasingly shifting to younger
population, which is more likely to develop axillary lymph node (ALN) metastasis. Therefore, this study was
conducted to determine the influencing factors for ALN metastasis in young breast cancer patients using big-data
platform of clinicopathologic information and establish a risk prediction models, so as to provide a reference for
the clinical diagnosis and treatment of breast cancer in young adults.

Methods: The clinicopathologic data of young patients who were diagnosed with breast cancer and underwent
ALN dissection between 2010 and 2015 were selected from the SEER database. The influencing factors for
ALN metastasis were determined by univariate and multivariate analysis, and were subsequently visualized by
nomogram. The ability of the nomogram to identify patients with different ALN status was quantized using
the AUC/C-index. The internal verification of the prediction performance of the nomogram was estimated by
bootstrap method (1 000 replicates with a random seed of 12). Furthermore, the data of young patients with
newly diagnosed breast cancer from 2015 to 2017 in Zhongnan Hospital of Wuhan University were collected for
external validation of the original model.

Results: A total of 23 778 young patients with breast cancer was recruited from the SEER database, 39.6% of
whom had ALN metastasis. Univariate Logistic regression analysis showed that age, race, location of primary
tumor, pathological grade, tumor size, and presence or absence of the chest wall or skin invasion as well as the
status of ER, PR and HER-2 were significantly associated with ALN metastasis (all P<0.001). Multivariate
Logistic regression analysis showed that age, race, and marital status, laterality, location of primary tumor and
grade, tumor size, and presence or absence of the chest wall or skin invasion as well as the status of the ER, PR
were independent influencing factors for ALN metastasis (all P<0.05), based on which, the risk prediction model
was established. The calibration curve of internal validation indicated a good consistency between the predicted
value calculated by the model and the real value (AUC/C-index=0.716). A total of 391 young patients with breast
cancer were clinically enrolled as external validation dataset, and 49.9% of them were found to have ALN metastasis at
initial diagnosis. The of external validation showed the good predictive ability of the model (AUC/C-index=0.798).
Conclusion: The risk prediction model developed using the SEER database for ALN metastasis in young patients
with breast cancers has good predictive ability, and it can be used as a reference in clinical practice for estimating
ALN metastasis of patients.

Breast Neoplasms; Young Adult; Lymphatic Metastasis; Risk Factors; RBig Data
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Figure 1

Case selection process
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2.1 BENIGKRFIEBIFE

Sk dL23 7780 B E BN AT, Hh L
P23 71561 (99.7% ) , HH63%] (0.3%) . Jik
T LM B FLIR I 11 86210 (49.9% ) , JEKAT
A LR F 11 9166 (50.1% ) , JRAkTH
S AR B 644, luminal ABIFL IR I 22,
k15 1864 (63.9% ) , HER-2FHPE R F] IR 95 8 %
/b, 115961 (4.9% ) o AHFFE BAS Y I PR
PHAFAE WK1,

23 778 Bl BEBIN O FHHEF IR FRFIERFHE [0 (% ) ]

Table 1 Demographics and clinicopathologic characteristics of the 23 778 patients [n (%)]
o REGREZER A EikEmas B A . XGRS Xk SR AR
(n=9412) (n=14366) (n=23778) (n=9412) (n=14366) (n=23778)
iRy (%) Bapili

20~24 77 (0.8) 76 (0.5) 153 (06) I 713 (7.6) 8842 (61.5) 9555 (40.2)
25~29 391 (4.2) 514 (3.6) 905 (3.8) Il 5309 (56.4) 5438 (379) 10747 (452)
30~34 1214 (129) 1550 (10.8) 2764 (11.6) 1l 3390 (36.0) 86 (0.6) 3476 (14.6)
35~39 2704 (28.7) 3469 (24.1) 6173 (260) ||T /3
40~44 5026 (53.4) 8757 (61.0) 13783 (58.0) Tl 3089 (32.8) 8842 (61.5) 11931 (50.1)

Tl T2 4633 (492) 4895 (34.1) 9528 (40.1)
B \Fh 1315 (14.0) 1786 (124) 3101 (13.0) T3 1381 (14.7) 543 (3.8) 1924 (8.1)
HAB RN 1217 (129) 2039 (142) 3256 (13.7) T4 309 (33) 86 (0.6) 395 (1.7)
FEAFfh 6880 (73.1) 10541 (734) 17421 (733) || H/h (em)

531 <1 622 (6.6) 3465 (24.1) 4087 (17.2)
T 9385(99.7) 14330 (99.7) 23715 (99.7) > 1-2 2515 (267) 5391 (375) 7906 (33.2)
E: 27 (0.3) 36 (0.3) 63 (03) > 2-3 2657 (282) 3170 (22.1) 5827 (245)

TSURARAS > 3~4 1353 (14.4) 1283 (89) 2636 (11.1)
B 940 (10.0) 1434 (100) 2374 (10.0) > 4-5 766 (8.2) 488 (3.4) 1254 (53)
By 6089 (64.7) 9305 (64.8) 15394 (64.7) >5 1499 (159) 569 (4.0) 2068 (8.7)
PN 2383 (25.3) 3627 (252) 6010 (253) ||N 4344

Bl NO 0(0.0) 14366 (100.0) 14366 (60.4)
e 4769 (50.7) 7093 (494) 11862 (499) N1 6948 (73.8) 0(00) 6948 (29.2)
A 4643 (493) 7273 (506) 11916 (50.1) N2 1675 (17.8) 0 (0.0) 1675 (7.0)

e S A N3 789 (84) 0(00) 789 (3.2)
e 84 (0.9) 104 (0.8) 188 (0.8) | |filrayrid
He X 533 (5.6) 483 (34) 1016 (4.3) luminal A 6112 (649) 9074 (632) 15186 (639)
W4 467 (49) 954 (6.6) 1421 (6.0) luminal B 1429 (152) 2056 (14.3) 3485 (14.7)
ANFEBR 939 (10.0) 1384 (9.6) 2323 (9.7) HER-2 fHM: 526 (5.6) 633 (44) 1159 (49)
Ak 33 (04) 31 (02) 64 (03) =B 1345 (14.3) 2603 (18.1) 3948 (16.6)
HENA 2453 (26.1) 3559 (24.8) 6012 (253) |ER
W EZRR 1028 (109) 2380 (16.6) 3417 (14.4) [ 2000 (21.2) 3480 (24.2) 5480 (23.0)
A EZER 3875 (412) 5462 (38.0) 9337 (39.2) [FFHA: 7412 (788) 10886 (758) 18298 (77.0)

FHL2E AT PR
I 766 (8.1) 2464 (172) 3230 (13.6) [ 2694 (28.6) 4444 (309) 7138 (30.0)
I 3834 (40.7) 5418 (37.7) 9252 (389) P 6718 (71.4) 9922 (69.1) 16640 (70.0)
111 4777 (50.8) 6436 (44.8) 11213 (472) |HER-2
v 35 (04) 48 (03) 83 (03) [ 7457 (792) 11677 (813) 19134 (80.5)

FFPE 1955 (208) 2689 (18.7) 4644 (195)
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Table 2  Univariable and multivariate analysis of the influencing factors for ALN status in the 23 778 young patients with breast cancer

ALNHERA X (HP<0.001) o XF 41 e FRAS B

HEAT LogisticZ N R [ 7387 B, 4Rk Bl |

WS URARAS L I B AR AL

it BE B Bz kR 5 32 42 L L ER 5 PRIR S EALNFE#

or g% . iR RN

ML R (HP<0.05) (£2) .

TES

TEDPFSH

HAR T EZN il HASE T EZ5 il

LS OR (95%CI ) P OR (95%CI ) P = OR (95%(CI ) P OR (95%(CI ) P
AES (%) R

20~24 — — — — |1 — — — —
25~29  0.751(0.533~1.058) 0.102 0.702 (0.485~1.018) 0.062 || 1T 2.276(2.078~2493 ) <0.001 1.790 ( 1.623~1.975) <0.001
30~34  0.7730558~1.071) 0.121 0.735(0.517~1.046) 0.088 || III 2.388(2.184~2.611) <0.001 1.759 ( 1.585~1.951 ) <0.001
3539 0769 0.558~1.060) 0.109 0.742(0.524~1.052) 0094 || IV 2346 (1.506~3.653 ) <0.001 1.804 (1.104~2.949 ) <0.001
40~44 05660 0412~0779) <0.001 0.628 (0.444~0.888) 0.009 || HijkEnl i Pz =
Fifri o = = = =
B NFh = = = — || & 5.636(4432~7.168 ) <0.001 3.092 (2.390~4.001 ) <0.001
HAl AT 0.811(0.733~0.896 ) <0.001 0.800 (0.716~0.894) <0.001| | F/ (em)

F ATl 0.886(0.820~0.958 ) 0.002 0.904 (0.829~0985) 0.021 || <1 0.068 (0.060~0.078 ) <0.001 0.073 ( 0.064~0.083 ) <0.001
5] > 1-2 0.177(0.159~0.197 ) <0.001 0.185 ( 0.165~0.206 ) <0.001
7 — — — — || >23 0.318(0.285~0.355) <0.001 0332 (0.297~0.372) <0.001
3 1.1450.695~1.887) 0595 0.722(0426~1222) 0224 || > 3~4 0.400( 0.354~0453 ) <0.001 0428 (0.377~0.485) <0.001
TSIRRAS > 45 0.596 ( 0.513~0.692 ) <0.001 0.621 (0.533~0.723 ) <0.001
B = — — — || >3 — — — —
CLs 0.998(0.914~1.091) 0969 1.029(0.935~1.132) 0.559 || i3Iy 4!

PN/ 1.002(0910~1.105) 0963 0.878 (0.790~0977) 0.017 || luminal A — — — —
i luminal B 1.032(0.957~1.112) 0.412 — —
e — — — — || HER-2 [ 1.234(1.094~1.391) 0.001 — —
i 0949 0.901~1.000) 0.051 0.934(0.883~0.988) 0017 || =BHME 0.767(0.713~0.826 ) <0.001 — —
e Jer A ER

i = = = — || Bt — — — —
X 136600.999~1.868) 0.051 1.070 (0.767~1.492) 0.692 || FEE 1.185( 1.113~1.261 ) <0.001 1.405 ( 1.269~1.556 ) <0.001
N F4BR 0.6060445~0825) 0.001 0515 (0.372~0.713) <0.001||PR

ANTFABR 0.840(0.623~1.133) 0253 0708 (0.516~0971) 0.032 || B = — — —
Ak 1.318(0.747~2327) 0341 1298 (0.701~2.401) 0407 || FE 1.117(1.055~1.182 ) <0.001 1297 ( 1.179~1.425) <0.001
X 0.853(0.637~1.143) 0287 0.656(0.482~0.894) 0.007 ||HER-2

N EZRR 0533(0396~0.717) <0.001 0421 (0.308~0.576) <0.001|| Btk — — — —
A EZIR 0.878(0.657~1.174) 0381 0.703 (0.517~0.956) 0.024 || BHbE 1.138( 1.067~1215) <0.001 1.024 (0.953~1.100) 0.516
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T LW K Logistic Bl 5 B KA R (45
WL OFPE . WS WRAL . S R R A e B
BE SR R SRR A2 47 . MR R/ . 434, ERFIPRAR
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SR (E2) o WIIZLE BT UG, Fh
T WSRO« 00X IR T SRS B N, i
e N NN VA = N 1058 1 - N TP L L 4
ﬁmmﬁﬁm%mﬁﬁoﬁﬁE%%%mw?ﬁﬂ
SETYMR, 10 T, TV R B 3 A LN §6 %
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O MR o F B FAEPH
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L IVEGX3ZH [ AR WL W 25 5%
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2.4 AR A EBLEE

%Fﬁbootstrapf?ﬂ%‘ﬁﬁ% F8) 271) 28 ] 33k A7 N R
KAE, AUCHO0.716 (95% CI=0.710~0.723 ) , %
T 22 s T 5 B SE 2 B A AR R4 — B
P, WOR Tz RIPRE (EI3) .
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AP 5 E BA A, 3 e 6] 74 i A s 3ELARE AIE 40 2% 3 T
Mo RETFLIEMUREER S RGE W29 . PR,
ER. HER-2%45 R R . MAHAFERILIREEE

http://www.zpwz.net



1298

B E A RS

2%

ALN#L 7% 149 .99

2.6 HREIHYHMERLEIE
AR IEAS R A AUC H0.798 (95% CI=0.752-

N 0 10 20 30 40 50 60 70 80 90 100
(%) 4
5 3 1
. 1 R
4
s TETIN
IR KIF ol
i ZM
i
JIE s i § S
7 6 4 2
T 433
Tlf"r
I F N Cem ) 12 324 2
<] 2-3 4-~5
RIS ﬂ
L
ER IRZs
it
PR RS F——Eﬁ
i
0 20 40 60 80 100 120 140 160 180 200 220 240 260
R
0.1 02 03 04 05 06 0.7 0.8 0.9

B2 WEEIRE AN BBNIIRE (Fik: 1=20~24 &, 2=25~29 %, 3=30~34 %, 4=35~39 %, 5=40~44 %; Bf
JERRAL: 1= RERR, 2= FRRHPR, 3= A TR, 4=5THR, 5=F%, 6=EFEEXHH, 7= LK, 8= LKIR;
T1~3: MBS RRRADLAERIC, T4: BOEESRARATLAMERIC )

Figure 2 Nomogram for predicting ALN metastasis in young breast cancer patients (Age: 1=20-24 years old, 2=25-29 years old,

3=30-34 years old, 4=35-39 years old, 5=40-44 years old; Primary Site: 1=axillary tail, 2=central portion of breast, 3=lower-

inner quadrant of breast, 4=lower-outer quadrant of breast, S=nipple, 6=overlapping lesion of breast, 7=upper-inner quadrant

of breast, 8=upper-outer quadrant of breast; T1-3: absence of tumor invasion of chest wall or skin, T4: presence of invasion of

chest wall or skin)
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Figure 3
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Table 3 Demographics and clinicopathologic characteristics of the 391 patients [ (%)]

o P RN T P - Y N AL S S ey o RIS A
o (n=195) (n=196) (n=391) o (n=195) (n=196) (n=391)
Ay (%) S
20~24 0(0.0) 0(0.0) 0(0.0) I 6 (3.1) 16 (8.2) 22 (5.6)
25~29 0(0.0) 4(20) 4(1.0) 11 91 (46.6) 100 (51.0) 191 (48.8)
30~34 39 (20.0) 27 (13.8) 66 (16.9) 11 98 (50.3) 80 (40.8) 178 (45.6)
35~39 42 (215) 26 (13.3) 68 (17.4) v 0(0.0) 0(0.0) 0(0.0)
40~44 114 (58.5) 139 (70.9) 253 (64.7) || T 2+
Tl T1 67 (34.4) 95 (485) 162 (41.4)
R EPN 0 (0.0) 0(0.0) 0(0.0) T2 48 (24.6) 74 (37.8) 122 (312)
Hofl A Fp 195 (100.0) 196 (100.0) 391 (100.0) T3 52 (26.7) 26 (13.2) 78 (20.0)
SN 0 (0.0) 0(0.0) 0(0.0) T4 28 (14.4) 1(05) 29 (7.4)
ﬁﬁ'l E*ﬁj(/]\ (em)
& 195 (100.0) 196 (100.0)  391(100.0) <1 8 (4.1) 24 (122) 32 (82)
5 0(0.0) 0(0.0) 0(0.0) > 1~2 21 (10.8) 77 (39.3) 98 (25.1)
TS URRAS > 2-3 92 (472) 65 (332) 157 (40.1)
BT 0(0.0) 0(0.0) 0(0.0) > 3~4 39 (20.0) 14 (7.2) 53 (13.5)
ELIE 195 (100.0) 196 (100.0) 391 (100.0) > 4~5 17 (8.7) 4(20) 21 (5.4)
RIF 0 (0.0) 0(0.0) 0(0.0) >5 18 (9.2) 12 (6.1) 30 (7.7)
SR/l N 434
e 100 (51.3) 95 (48.5) 195 (49.9) NO 0 (0.0) 196 (100.0) 196 (50.1)
5 95 (48.7) 101 (51.5) 196 (50.1) N1 103 (52.8) 0(0.0) 103 (26.3)
Jirfg Jir R A7 N2 65 (33.3) 0(0.0) 65 (16.7)
M 3(1.5) 0 (0.0) 3(08) N3 27 (13.8) 0 (0.0) 27 (69)
g X 4(21) 2(1.0) 6(15) ER
N T4 13 (6.7) 36 (18.4) 49 (12.5) [ 37 (19.0) 63 (32.1) 100 (25.6)
AN GRR 33 (16.9) 16 (82) 49 (12.5) FAAE 158 (81.0) 133 (67.9) 291 (74.4)
DS 0(0.0) 0(0.0) 0(0.0) PR
TS X 0(0.0) 0(0.0) 0(0.0) [ 61 (31.3) 72 (36.7) 133 (34.0)
W 5B 12 (6.2) 83 (42.3) 95 (243) [E: 134 (68.7) 124 (63.3) 258 (66.0)
e J 130 (66.6) 59 (30.1) 189 (48.4) || HER-2
[ 119 (61.0) 126 (64.3) 245 (62.7)
FHE 76 (39.0) 70 (35.7) 146 (37.3)
1.0 1.0
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Figure 4 External validation of the model A: ROC curve; B: Calibration plot
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