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Abstract

Background: Thailand has a high incidence of breast cancer, leading to the development of screening
programs to detect the disease at an early stage. Surgery is the main treatment option during this stage. Advanced
techniques, such as minimally invasive procedures like breast-conserving surgery, oncoplastic surgery, and sentinel
lymph node biopsy, have been introduced to enhance breast cancer surgery, aiming to reduce complications and
improve cosmetic outcomes. However, the shift towards favoring sentinel lymph node biopsy over axillary lymph
node dissection presents challenges due to resource limitations in many hospitals, particularly the absence of
expert pathologists and modern equipment. Therefore, there is a need for reliable tools or scoring systems to identify
suitable candidates for this surgery. Objective: To develop and validate a clinical prediction model for predicting
the probability of axillary lymph node metastases in patients with early-stage breast cancer. Methods: This study
involved analyzing data from 132 early breast cancer patients at Ubonratchatani Cancer Hospital to develop a
prediction scoring system. The system was created using a multivariable logistic regression model. Results:
Tumor size, size of axillary nodes, and presence of lymphovascular invasion have been shown as significant factors
in predicting the probability of axillary lymph node metastasis. The performance of our model was excellent as
evidenced by an AuROC score of 0.88. Furthermore, the positive predictive values (PPVs) for low, moderate, and high
risks were 2.30%, 30.80%, and 75.90% respectively. Conclusions: This scoring system assists surgeons in confidently
selecting early-stage breast cancer patients for either sentinel lymph node biopsy or axillary node dissection, which
is important in hospitals that lack expert pathologists.
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Exclude (n=93)
- Advanced disease (n=34)

- Bilateral breast cancer (n=2)
- Metastasis or stage IV (n=13)
- Pure DCIS (n=11)

- - Recurrence disease (n=4)
- Unknown primary (n=1)
- Phyllode tumor (n=5)

- Inflammatory breast cancer (n=1)
- Neoadjuvant treatment (n=12)
- Fibroadenoma (n=4)

- Incomplete data record (n=6)

[ Clinical parameter recorded J

Age
BMmI Subtype
Menopausal status (ER,PR,HER2 status)
Side (\Y]
Quadrant Histologic grade
Tumor size Present of DCIS
Axilla node size

lymph node metastasis
n=48

non-lymph node metastasis

n=84
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(87.5% vs. 50.0%, p < .001), axilla node size 11NN
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p-value .320 uansAn nsviuiglonianisnszansludaden
thimesinuiiuiouiloutuanats Uil 2.2 Bssuuugeds
flomansnszanelugrentnmdossnudinn Aadensuuy
sumﬂeju lymph node metastasis group &g non-lymph
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vs 36.00+1.61, p < .001) f1 PPV w8angy Low risk agjfl 2.30 (95%Cl 0.30, 14.00), nda moderate risk 9efil 30.80 (95%C]
19.10, 45.50) uagngal high risk ag#l 75.90 (95%Cl 62.50, 85.60) F4M1599 1
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No lymph node Lymph node
Clinical Characteristics metastasis metastasis Odds ratio p-value AUROC
(95%Cl) (95%Cl)
Age (meanSD) 56.25+11.12 56.19+9.06 1.00 (0.97, 1.03) 973 0.50  (0.40, 0.60)
Age group (n,%) 1.05 (0.55, 2.02) 879 0.50 (0.41, 0.59)
<40 2 2.38% 2 4.17% - - - - -
60 33 39.29% 19 39.58% - - - - -
40-59 49 58.33% 27 56.35% - - - - -
BMI (mean+SD) 24.90+3.96 24.14+3.33 0.95 (0.86, 1.04) 264 0.53 (0.37, 0.57)
BMI group (n,%) 0.87 (0.62, 1.21) .401 0.53  (0.37, 0.56)
<18.5 0 0.00% 2 4.17% - - - - -
18.5-22.9 30 35.71% 15 31.25% - - - - -
23.0-24.9 18 21.43% 12 25.00% - - - - -
25.0-29.9 23 27.38% 16 33.33% - - - - -
>30 13 15.48% 3 6.25% - - - - -
Side (n,%)
Left 44 52.38% 32 66.67% 0.55 (0.26, 1.15) 112 0.43 (0.34, 0.51)
Right 40 47.62% 16 33.33% - - - - -
Tumor size (mean+SD) 2.42+1.72 3.38+1.41 1.44 (1.13, 1.84) .003 0.72  (0.63,0.81)
Tumor size group (n,%)
<2 42 50.00% 6 12.50% 7.00 (2.69, 18.22) <.001 0.69 (0.62, 0.76)
2 42 50.00% 42 87.50% - - - - -
Quadrant (n,%) 1.19 (0.91, 1.56) 211 0.56  (0.46, 0.66)
Central 24 28.57% 10 20.83% - - - - -
Ul 17 20.24% 8 16.67% - - - - -
uo 26 30.95% 19 39.58% - - - - -
LI 8 9.52% 2 4.17% - - - - -
. LO 9 10.71% 9 18.75% - - - - -
. Axilla node size (Mean+SD) 0.31+0.62 1.06+1.06 2.97 (1.77, 4.98) <.001 0.73  (0.65, 0.82)
Axilla node size group (n,%) 568  (2.41, 13.36) <.001 0.68 (059, 0.75)
I 1 71 86.59% 25 53.19% - - - - -
1 11 13.41% 22 46.81% - - - - -
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No lymph node Lymph node
Clinical Characteristics metastasis metastasis Odds ratio p-value AUROC
(95%CI) (95%ClI)
n =384 n =48

Menopause status (n,%) 1.50 (0.68, 3.32) 318 0.54  (0.46, 0.62)
No 28 33.33% 12 25.00% - - - - -

Yes 56 66.67% 36 75.00% - - - - -

LVI (n,%) 15.25  (6.36, 36.58) <.001 0.80  (0.72,0.87)
No 68 81.93% 11 22.92% - - - - -

Yes 15 18.07% 37 77.08% - - - - -

Histologic Grade (n,%) 1.73 (0.95, 3.15) 074 0.58  (0.49, 0.67)
1 12 14.46% 2 4.17% - - = - =
2 48 57.83% 28 58.33% - - - - -

3 23 27.71% 18 37.50% - - = - -

DCIS (n,%) 0.71 (0.35, 1.46) 357 0.46  (0.37, 0.55)
No 42 50.00% 28 58.33% - - . - =
Yes 42 50.00% 20 41.67% - - - - -

ER status (n,%) 0.83 (0.40, 1.75) .629 0.48  (0.39, 0.56)
Negative 28 33.33% 18 37.50% - - - - -
Positive 56 66.67% 30 62.50% = = - - -

PR status (n,%) 0.62 (0.30, 1.28) .200 0.44  (0.35, 0.53)
Negative 29 60.42% 41 48.81% - = - = -
Positive 19 39.58% 43 51.19% - - - - -

HER2 status (n,%) 1.65 (0.76, 3.56) .205 0.55  (0.47, 0.63)
Negative 63 75.00% 31 64.58% - - - - -
Positive 21 25.00% 17 35.42% - . - = -

Subtype (n,%) 114 (0.84, 1.55) 410 055  (0.46, 0.65)
Luminal A 38 45.24% 15 31.25% - - - - -
Luminal B 19 22.62% 16 33.33% - - - - -
HER2+/neu 11 13.10% 8 16.67% - - - - -
Triple-negative 16 19.04% 9 18.75% - - - - -
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A151991 2 WARIN138579 risk score 31nA15%1 multivariable logistic regression lagldian coefficient

fauusluaunisazuuuinung Odds ratio 95% Cl p-value Andusans AZLUY
Age group =60 U ref ref 0
40-59 U 1.41 (0.51, 3.86) 508 0.34 3
<40 1.13 (0.09, 13.66) .923 0.12 1
Tumor size group <2 cm ref ref 0
=2 cm 3.82 (1.17, 12.55) .027 1.34 11
Axilla node size 1cm ref ref 0
sroup =1cm 5.36 (1.78, 16.14) .003 1.68 14
LVI No ref ref 0
Yes 13.13 (4.82, 35.75) <.001 2.57 21

LVI = Lymphovascular invasion

1004 1 .
0751 ol
z 8
g . Probability of lymph node metastasis
3 0%
8 o Observed risk.
m_
2
0001 T r 1 i 04
000 025 050 075 100 0 10 2 0 0 50
1 - specifcity totalscore
Area under ROC curve = 08780
3U7 2.1 n319luans performance Y838 UUATIUY WAL 5UN 2.2 n519luansfnsening observed risk (IAdLAT)
A1 area under the receiver wazAINIIYIUIEloNIANTSANNIINIEA8YeY
operating characteristic (AUROC) AonlmdessnLs (AuduR)

M15197 3 AgasmzluLTlduensEninanguiiiinsnszatevewzissludmouiimios (ymph node metastasis) W3guifieu
funguitlufinisnszaneveswsdludsouinmdes (no lymph node metastasis) wuadunga low risk, moderate risk wag

high risk @28 chi square test

No Lymph node Lymph node

Risk category ATHUU metastasis metastasis p-value PPV 95% ClI
n (%) n (%)
Low <14 44 (54.32%) 1(2.13%) <.001 2.30% 0.30%, 14.00%
Moderate 14-25 19 (23.46%) 8 (17.02%) .390 30.80% 19.10%, 45.50%
High >25 18 (22.22%) 38 (80.85%) <.001 75.90% 62.50%, 85.60%
AZUUUIRAY (MeanSD) 13.09%1.39 34.00£1.61

PPV = positive predictive value
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J91sal (Discussion)
nsidadentiassdnusieuiiua saufuisnisg
AN NEIFINe1TznIede 1Wudsnisuinsgiuly
FUhouziadnumszeziEusiu eg1slsfinnsnsIafeds frozen
section 1 finaauans (false negative rate) £14 8.4% (0-29%)""
yhlEaeusduldfumaaesomiwdesuausuiy
UagUuiissuunzuuu (scoring system) fladetuniitetaely
mMavhuenmsnszneveasiUremmidessuiiug iy
MSKCC nomogram filsunismaaeundaludihensisenu
Tne wuhdemuwiugrlunsviuneg 7l AUROC 0.73 @38
LLsﬂﬁﬂasﬁmﬂmﬁmﬁ’] A9 A1 PPV aanin 12% o1aaglides
Fnsrndinsontde L uRiua wave positive predictive
value €1nn31 80% wuzigUrelavinnisianesey

" yanantiudin1sAnwued Murata

Yivdesianun (ALND
et al. WauszUUATLLY Tnalfiufudsn1an1snsadans
1215705 bAA1 AUROC maﬁwumuuuag’ﬁ 0.87, A1 PPV
20.5%, NPV 98.4% %aizwﬂsLLuuﬁwﬁmmLLﬁuﬁﬂwﬁﬂw
nauAILAEasn low risk Faelviurmenanideanisyin ALND
Tugtheld™ Wudu usegnelshia widissuupzuuu danamn
arifimnuudugn wiesiusznevvessyuuaziuutudadly
Joyanangae e 819 1Y estrogen receptor status, HER-2
status wag histologic grade tHusu %ﬂummﬁﬁ'ﬁ Ai¥etd
wziSuiunlulnedulvgarlifideyadnannounidn lae
sznsunHaTuLonduindaminty dmsumsanuiily
fimunszuuaziuundeyananain denadesiuuiun
vosftnzsaiululve Tngwmzlsmeuiavuianais

M3DVUIMLANTIYININSHFALA1LN wazluing Sunndusyan

)
o

Patliielidukuinianisvidareudvdossnes Jady

'
al

finsdnwidduny 1dud 1) 91guesfthenuingioeg
o1gtien (<60 U) wuindustusiumanszarsvontonsss
ugseainndessnuiuinninddasenguin? fadamn
Sudleamnanginsusiadunduguiloniguiniu oz
wungidadnunifinnuguussdes aunnainaulasie
gofluuiealnsiauiianas'® 2) Tumor size WuirvuIN
dleseniilatuduiussuleniavesnisnszarsveslsaly
Fedoutundesinufuntumanade oseniidauin
Tngsuillomaiazunsnszareldmumapudindeds
13U 1 3) Axilla node size WuirBaruIavassion
thindeds (faud 1 cm Fuly) Slenaftesdudindosiia
nsunsnsEerentousSufindulssana 20%7 Tnsns
fanuduiustesnnvosientindeuasn1angzane

Jsansnsunisiwng Ui 49 avui

voasiudunlduiuvdes fanuluazanusine
oglutag 49%-87% uar 55%-97% mudiuTeedly
naaAZ 4) msdl WV suunarnuduiusiuennsia node
metastasis qa‘ﬁ'qm A0AARDINUNABNITANYYT WU LVI
duiusiuanuguussvedsalunzduiunliineaty awe
veuifosoniiluauay histologic erade figa Dugy'® 20 2
aghalsin MnnsAnuilainuanadiusues histolosic erade,
tumor subtype Wi histologic grade azduWusAUloNa
MNINU metastatic node AeUES uin1sAnwneunthalve)
WRuilenduhdn (surgical specimens) Tun13m373 histologic
grade FafimsAnuiinuimanisnsia histological erading
PnnsiaduLiesedunewinin (core needle biopsy)
fifn underestimation Wawisuifu surgical specimen Tng
fifn kappa 7 0467 dlunsdives tumor subtype 8193
ANUAAIAAABLIINNSTENUNE tnelanig HER-2 Tnemuin
uziSadnuuwia triple negative breast cancer (TNBC)
Tudsznnsnedidaduiigainidnamd uaze1 ER positive
fidndenend anuvpananninfuiudeifiedinged
laildinmsgiu Fedaasionisnsralusiuves ER PR HER-2
receptor Tnense®

sruupzwTTaensneil Tfuusmaenain
waznnmeSediludiulng lunsvirunelenianisiinnis
uwnsnsranevewzsludwoniivdes edselenflunis
aunuin Insewdlsmennaiifguasselumseratuile
SEUTRAR (intraoperative frozen section) uiognslsha
stuumzuuudsnanda Vi Adusanis histology 1flosan
Fudsireudiedinasontsuneegiann Saugdimn
Fodldszuuavuuui onvezdoclinansia LV aannnsih
iaduiiorourndage fesrinvesnisinuil esnn
n1sifiudeyailunuy retrospective data Fefifoyauna
dudiliasui wiedeyaunsdldannisima sursical
specimen infiansan Fsonaliidenmdesiuuiunlumudiuese
deauet Asiudayauuy prospective data azeaenAdes
fuusunlunsguantheannnt wenanl Srnuenenu
Aowtheties dumidsanmaiudeyaiaantiufelurisaii
i {Aduauensinviiisiumsidusuuvaeandu
Wislilduwavesmsinuniiiiaty desindnusems wirh
msAnwilévi internal validity Tned5n5vi1 boot strapping
FadlAn optimism o7 0.016 (-0.079-0.102) MNFBINT
thsruuazuuuiluldlugiheluneufoasenibufoniings
AnwmadeuiunguUszannsdulags extemal validation #ely
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as,U (Conclusions) seuidesnusimsnsvaeremiSadnumie snnsfies

ﬂ’]iﬂ'wu’]izUUﬂxLLuuﬁﬁanﬁLLWMéa@LLaﬁjﬂ’]EJ vrhdngnsann dunzuuilutag moderate risk wugiily
uziSaiunszezsudy fszvupzwuuiitielunisdedula  fUie aunsavh sentinel lymph node ldituiu usdeauuzi
dineusulalunisvi sentinel lymph node biopsy Tng Bemwowrrudemes soutvEssinudiinisnszaeveaise
awglulssneuiaiilafinesunmd v3eu1ayAaIns vise  Wuwwse Sasmstenirhding uenantmniiresnudes
w3nsdlolunsii frozen section szuuAzwuwruelena %’ﬂuﬁmLLaxag”Lmi’NﬂzLLuuﬁLmzﬁﬂﬁﬁgﬁ]ﬁ%mﬁa&iauﬁwmﬁan

nsnsznevesmzsaimalluSsomimaesinustiuanmaly  Aeunshdin dunzuunlungu high risk dlenmaiavilsion
ngu low risk edlen PPV doudnasin wugiliidaeunng  thwdesinuifinensznevessiainug Gdllomaronh
@1n30v sentinel lymph node biopsy ¢ lagillonanisny  Edindngeenavgiansanyinisingsoniviieiavian (ALND)
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