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Abstract

Breast cancer remains an important public health problem, and breast imaging plays a key
role in evaluating lesions suspected of malignancy, particularly BI-RADS category 4 lesions, which
carry varying probabilities of malignancy according to their subcategories. This retrospective analytical
study aimed to determine the proportion of malignant pathological outcomes, examine the
association between BI-RADS category 4 subcategories and breast imaging findings with pathological
outcomes, and assess the positive predictive value of BI-RADS 4A, 4B, and 4C among patients at
Phetchabun Hospital. Data were collected from medical records, breast imaging reports, pathology
reports, and the hospital medical database between 2017 and 2024. The study included 128 patients
who underwent mammography and breast ultrasound, were classified as BI-RADS category 4, and
had pathological confirmation. Data were analyzed using descriptive statistics, Chi-square test or
Fisher’s exact test, Mann-Whitney U test, Kappa statistic, and odds ratios with 95% confidence
intervals. The mean age of patients was 52.5 + 10.4 years. Malignant pathological outcomes were
found in 51.6% of patients, with invasive ductal carcinoma being the most common subtype.
BI-RADS category 4 subcategories were significantly associated with pathological outcomes (p <0.001).
The positive predictive values of BI-RADS 4A, 4B, and 4C were 30.4%, 37.0%, and 76.4%, respectively.
The agreement between BI-RADS subcategories and pathological outcomes was fair, with a Kappa
value of 0.302. Breast ultrasound findings significantly associated with malignancy included irregular
shape, non-parallel orientation, and not circumscribed margin, whereas most mammaographic findings
were not significantly associated with malignancy. These findings support the use of BI-RADS category
4 subcategories together with key breast ultrasound features to assist in risk assessment and planning

for pathological confirmation in patients with suspicious breast lesions.
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898984 BI-RADS category 4 LaranwaeNINSI@INg A ULAUNAATINNNNGITING smaUszdiy
A1 positive predictive value 50 BI-RADS 4A, 4B way 4C lufhelssmenuiaimesysal nsfnunil
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QGEZe UMD Qﬂaaﬁlé’%’umimm mammography way breast ultrasound gsun1sussidiulu
BI-RADS category 4 hazilHaguduniesng dine) 91U 128 518 AT Ievdoyaniganfilanssan
Chi-square test 7158 Fisher’s exact test, Mann-Whitney U test, Kappa statistic LagAIUId odds
ratio wientrnmdesiudesas 95 nansAnwinuIgUieilongiads 525 + 10.4 U uarilnansas
manegSingndunzdasiuuiosay 51.6 lnsvdinfiwuanniigafe invasive ductal carcinoma s¥u
#0984 BI-RADS category 4 HANNFUWUSAUNANTIINIINGIBINe10g 19l dd1AgynIeai f
(p<0.001) TnaA" positive predictive value U89 BI-RADS 4A, 4B uag 4C wirduiewvay 30.4, 37.0
WaE 76.4 MIUAINU A1 Kappa 5¥1IN958AUE08U03 BI-RADS AUNANE15INg AU 0.302 %aagﬂu
53U fair agreement §nwaiEM breast ultrasound Aiduiusfuszi3setnditoddny eud sUsre
Tadiaue wn1snsliaw wavveuwaliday drudnuaznis mammography daulual
nuAMNFuuSeg1efiTed A AuNLISe mamsﬁﬂmﬁaﬁfuagum{tsgﬁizﬁusiaasuaﬂ BI-RADS category
4 $9ufudnuaiEne breast ultrasound LieUsENOUNTUIHIUALLABILAZNITIIWNLATIDEUE
e Binelugithofiflsoslsaduuasdonzids
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sgfafuudunSsiinuliuosiialuanivhlan uasdinaduiigmansisaguiiddysiilu
FEAUUIIYIALaEIEAUUTTINA BeAn1sowielansieauintul w.e. 2563 dUrsuzisadun
selmiUszann 2.3 d1usig uavlfidedinainlsadanaiuseann 685,000 s1e9ilan Snsnaiinns
mansniinnelud wa. 2583 sglsausfadumnsiiud ueisdeiies lngerafftieselnsl
1NN 3 Ausesed wavdfdedinuinndt 1 dusesied [1] dmsuussmelnglud w.e. 2565
wuUaenzs ainund o 38,559 518 Andudasnafinlsplsying 28.5 s1eseUsynng 100,000 Ausied
LardanuANULANANNTeIsRIINTSAalsAsEnIenlinIrvesssmea [2] Jeyadinanaeiouliiuds
Audndulunisimuissuunisnsiafanses n153lade wazn1squasnwfUieuzsuiunlid
UszAvisnmanngad

msanamad@inedadumumddalumsdansemesUsediusedlsafiadouzdadu Tnems
ATaulNT (mammography) S UMsATI9danT LA (breast ultrasound) Wed eaflondni
T lunsufofdmiumsussdiuaulaundveud s Tasengluariony 40 FTulU Taduraeied
aﬂ’ammﬁmaqmﬁqw’huuﬁmLﬁumﬁu [3-5] mii']emumamimafﬂwm%'ﬁimeéhuaﬂui'j%ﬁ’uisﬁizw Breast
Imaglng Reporting and Data System 39 BI-RADS ¥83 American College of Radiology R mﬂammamsmaa]
& ausi category 0 &9 category 6 ol Wsnesglumsdeansuansese meUsediuandes wagns
muummmqmi@uaﬁgﬂw (5-8]

soulsemlsumsdnerlungu BHRADS category 4 iunguiifienuasdesiom s uaglaeinly
fdouwusilirmaBudumemeSinen Wosnilenaduusddutiniig dusseiuimuisedugs Tud
Snunirsedlspuazsvug oaes BLRADS [9-10] msnviatuiiolnsendammim wu sz uidemeld
MUV ANTIHIUA YT DL TLILATL ﬁmﬁusﬂ”’umaua"ﬁaﬂums@ué’fumﬁﬁaéﬂaLLasaﬁuagumimLqumi
Srwnfivmnzan [11] sleulédnmsuus BFRADS catesory 4 senidlu 3 sedugios ¢ BIRADS dA, 48 uae 4C
Weasioumusduvesnsdunsddfiunnsnaiu Tae BIRADS A flemadunzsswsznasesas 2-10,
BI-RADS 4B Sotiaz 11-50 Wae BI-RADS 4C Fawaz 51-95 [12]

sPnwAeu MRt UNUIS AT M IaNULE SR umnasEs U oeves BIRADS category 4
Tnesetlselunga BHRADS 4B wag 4C Sdnduaneinendlidussageniings B-RADS 4A eedlsfiny &3
wuirseelsaunsdndlungy BHRADS 4B Law 4C TinanmavnaneBinenduseelsaliiouss Seewvioulvifiuds
AUt ouveamIanan i s ineluseslsang uiid anuasdoreusida 5, 9] YBNaNi 18U
AsUsEIMAE SR Positive Predictive Value (PPV) 189 BI-RADS 4A, 4B waz 4C usnaniuee19taau 1ay
NSANIUOY Zahra WagABySI89TUAY PPV U89 B-RADS 4A, 4B uay 4C winduseeag 15.3, 72.7 uay 92.0
ey [13] YeyadenamuandiviuiinsUsslurnuduius serinsssiugasves BFRADS category 4 fiu
NaRTIIEE B InenTlmsdndniomaienud e uidswesseslsauasmaausug uar e

UBNIINTYAU B-RADS UAQ SNWELLNISNINATN mammography Wag breast ultrasound Sadutlade
ddyiteuszneumsUsudiuanudememSad s dnuasuiasens W sUswesseslsn veuAves
s0el5A WMINh SnuarAILLLTNA 1L uead ey wavauiaUnRvesant v saus nadnug
9190 ANUFURUS A UNANTIINNINGT5 3181 0819l5ARN ANUFURS A 9na MoNauWANF 19 UALUSYYINS
AN U7e JULUUMTANTI0 Washuineamulanalusaganine1uis S dinemuientunnll
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denpdosvmanT IV et uraRT TS iven Ssenadinaemsdirduladoninenrntuie
NMsAAAY WaenssneniUae [14-15]

aulsUwesmsanan s @veniud nusudiunilefiaslianuddey uwissuu BFRADS a2
gL T et anasglLMETISNUAR WinM I UUNENYAEYNIMWUNUTENTS U PRV LS
Wi sUsesseslsa anwuzMsaroudes NMSHvieenien wasreursuaTeslin 8naddlAuwAng1g
sowrhadfuana [16] uonannil wiluseelsanda BHRADS 4B uaw 4C FeflrmuasdoriauySegs Sdleruina
avrtuilounsudusedisalsiseuss [17-18) Hagtuilenmumeneaimelulad g ssivuaviadesle
Paesnaulameedtnuitifledisenuusudlumsussiuseslsasim witeyansnuluuumessema
e Tneiavnzlulsmenunamnlvielsmennasuivimia dulegeesnia [19-21]

sty msAnwALdTugssnesE U osues BI-RADS category 4 LaganwE NS I@INe AN
i uNans RIS Ineluusunvedsmenuamsysal JadlanudAglunisasviounadnsvednis
UssiiusetlsasnualunwUfoaess deyafildanmsdnunioneativayunmuananmisdine ns
Uspiluanuidesessenlsa BI-RADS category 4 LagmsNaHUN IR MM B inelivnzaniu

UTURlsneIUIa

IngUszae

1. Lﬁaﬁﬂmé’mmummwxSaLﬁmmﬂmamnmﬁwm%'iwaﬂu;ﬁ{haﬂeju BI-RADS category 4

2. WieRnweuduiussewinssesiugasves B-RADS category 4 I BIRADS A, 4B waz 4C fuNansia
NNNDINEN

3 ieusudue positive predictive value U89 BFRADS 4A, 4B g 4C Tumsunenane S iveiidusss

4. oRNANUENNUS STRINANYULNE mammography Hag breast ultrasound AUNARATIINIINED
Inen

YanuaIsNsANEN

AN USRI DiTERuUUdound (retrospective analytical study) IneliUayaaniay
sulouUae MenuHaMInTIRTEIewnuY TenuEane S I waeguloganmIwmdvedsimeTuna
sy sal seringt wa. 2560 e WA, 2567

nesiot R e U e ld Sumsnsiuasilaung wasdams Ui Alsmeruamsysal uay
Tpsunmsuseiiunass@inendu BFRADS category 4 oA BRADS 4A, BI-RADS 4B %38 BI-RADS 4C Tneding
SudumaneIven anmswsuileseduwnunens (core needle biopsy) Mk EATULEe (wide excision)
v enaandsTauriu Srnusiedu 128 1o inasinsdadi Wud fUeiidnarsessdine s neglungs
BI-RADS category 4 uaziinansiamenersinenianunsasuunlsinduseslsalii$1euss (benien lesion) Wie
sz i1 (malignant lesion) tnausimsineen s fuaeilsiduadudummensine deyanusudoul
aunysal vieliansnsndesileswas Fivendunane 5 inewesseslsaireiullsiosedinou

FulsTiAuTUTasneusy 0g, seiUgeste BHRADS category 4, Hamsaavnangiven, 35ms
BT UNEYNINENSANEN, SNy LaYS BN AT s B 1L TeS as e lunsuT
udesne loun neseslsa (lesion size), dnwaislralien (caldfication), NURAUNRYBILATIES 194A 11
(architectural distortion), {9t wWNeA (skin thickening), Me5awe sV el (skin or nipple retraction),
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feimdensnasnud (axillary lymph node) LaEAILIL e el (breast density) @ud N
ysdansmnusisuTiisiesed e uswesserlsn (shape), unmsnsivessestsa (orientation)
YouRUesTeslsa (margin), JUkUUMIARioEeS (echo patter) Uavanwalza UM wessaelsn (posterior
acoustic feature) Vitiansavnae Bineiodunmeg s lunssuunmednsiunduseelsali$euss

/=

(benign) ¥ enguLzSAA M (malignant)

AAdufunurud oyaleeliuuuiuiindoyafl vt udmiumsfne Joyariavmeld¥unis
ATINFDUANUATUL M AN NA BsNaWtINT e 1en Inedwund UiesmunansiamenendInendungu
benign wae malignant Ll olUS UL U UTZAUE B8ues BI-RADS category 4 WATE NWALNINATNAN
mammography & breast ultrasound

myinseideyalieiABmssann Wud s Sesas Anade war drudsauunasgrumua
WanvavaIR Ny Tala NMsAnANUELTUS e esTR U 08veY BIRADS category 4 fUNARTIIVNNENS
el Chi-square test 1139 Fisher’s exact test MAAMIMALNZEL AT PPV 983 BFRADS 4A, B-RADS 4B uag
BI-RADS 4C fmnandnaduvesiiefidnansavneme5inendu malignant luusiagsesiu B-RADS weu
Frermidesiufenas 95 (95% confidence interval; 95%C)

nSeudigunnnseslsa (lesion size) evrinangy benign waw malignant 19 Mann-Whitney U test
AUNANWIANUFUNUS 52917 WS NYAUEMULNTY LWaA NUEVINIEaNTIITILALI U TURARTIIVN
w3 Ivenidunsse memududi odds ratio (OR) néeutsamd esiudesas 95 (95%C) wawAn pvalue
Tt muassS Ul Eaa p < 0.05

yanani msA il Usvidluniaenad easewinases s a8ues BI-RADS category 4 (BI-RADS
subcategory) NUKaRTIAN N I9eN (pathological outcome) Tneld Kappa statistic wagtUanasuinasives
Landis and Koch [22] Ingfn Kappa @aena1 0.00 #sn8fle poor agreement, 0.00-0.20 w4 slight
agreement, 0.21-0.40 e fair agreement, 0.41-0.60 N8 moderate agreement, 0.61-0.80 WNed
substantial agreement wag 0.81-1.00 ¥neds almost perfect agreement

msfnnid ¢ FunseusArnemgnssunsisssssumsi deluuy e lmeuamsysal i
96-2566 ariuil 18 snsan 2567 deyar et lumsinuidudeyadeund sannvszideutargud oya
vodlsmeua Inefimsunlladeyaduyena uastiniaueramsAnelun s

NaMSANEN

SR ﬁﬂaaﬁlﬁ%’umimﬂa mammography L&z breast ultrasound Lazdlad uguUNNe s
Inenduau 128 59 91g1ade (mean + SD) 52,5 + 10.4 U ieduunma B-RADS category 4 WU g Uae
Tungal BHRADS 4C annflandhuau 55 518 (Fegay 43.0) 58sa8nAe B-RADS dA $1uu 46 1 Fetay 35.9)
Wway BFRADS 4B $70u 27 518 (Gagay 21.1) Nansanenensiveuszs ad s 66 918 (Gevay 51.6)
uazserlsaliiieussinnu 62 910 Govas 48.4) wilaveszisiwuinniigafe invasive ductal carcinoma
10U 43 718 (Fovaz 33.6) 7098917AD ductal carcinoma in situ 31U 15 578 (Seway 11.7) & msuseslsa
a5 eusefinuues Wud fioroadenoma $1uau 20 118 Goway 15.6) wa fibrocystic disease $1uu 13 11
($evay 10.2) dwASmsdudunamangBineniliinniigafe wide excision 1 45 1o Gevay 35.2)
Teazduauandumed 1
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M13199 1 Teyaialy sEAU BI-RADS HanT19nanensinen uagdsnstudunaniang1dineves
AUeN&Y BI-RADS category 4

Characteristics Number Percent
Total patients/lesions 128 100.0
Age, years, (mean+SD) 525+ 104 -
BI-RADS category

BI-RADS 4A 46 359
BI-RADS 4B 27 21.1
BI-RADS 4C 55 43.0
Pathological outcome

Benign 62 48.4
Malignant 66 51.6
Common benign pathological diagnoses

Fibroadenoma 20 15.6
Fibrocystic disease 13 10.2
Fibroepithelial lesion a4 3.1
Ductal hyperplasia 5 39
Intraductal papilloma 5 39
Malignant pathological diagnoses

Invasive ductal carcinoma 43 33.6
Ductal carcinoma in situ 15 11.7
Invasive micropapillary carcinoma 7 55
Paget’s disease of the breast 1 0.8
Other/unspecified pathological diagnoses 13 10.2
Method of pathological confirmation

Wide excision 45 35.2
Core needle biopsy a0 31.3
Wide excision and core needle biopsy 43 33.6

dlodnssimnuduiusseninassfugesvas BI-RADS category 4 AUNAATIINIINETTINE
WuIndnaIumINUNEE LR uTuRLsERU BI-RADS pgnrawiias Tng BI-RADS 4A wuuwiSedeuas
30.4, BI-RADS 4B Fa8az 37.0 uaz BI-RADS 4C $98az 76.4 N15ATE1UVOINANYITINYITENINY
whazIzAUEauLANANNUaE it ANNadRaINn1TAgeaU Chi-square test (p <0.001) azviou
seAugesvad BI-RADS category 4 fianudusiusiulonanisnuuzisasiun lneanuiiaziduves
malignancy fluwaltuiiiudunusesu BI-RADS ﬁqqsﬁu A1 positive predictive value 983 BI-RADS
aA, 4B way 4C wiriuSeuaz 30.4, 37.0 WAy 76.4 AUEIRU JETieN Kappa M1AU 0.302 Wans
FTAUAIINADAARDITENINNITUTZEUN NS IFEINENUNANTIAN1IWEINe L UTZAU fair agreement
easiSenuandlunsed 2
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A1571991 2 AUFURUSTTNI19TLAULUDY BI-RADS category 4 AUNAATIINNNYITING Uay
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A1 positive predictive value Y83kAALIZAVEDE

Benign Malignant Total PPV 95% ClI
BI-RADS category

n (%) n (%) n (%) (%) of PPV
BI-RADS 4A 32 (69.6) 14 (30.4) 46 (100.0) 30.4 17.9-45.4
BI-RADS 4B 17 (63.0) 10 (37.0) 27 (100.0) 37.0 19.4-57.6
BI-RADS 4C 13 (23.6) 42 (76.4) 55 (100.0) 76.4 63.0-86.8
Total 62 (48.4) 66 (51.6) 128 (100.0) 51.6 42.6-60.5

Chi-square test, p <0.001. Kappa = 0.302, indicating fair agreement. PPV = positive predictive

value; Cl = confidence interval.

dmUSYaENe mammography Wuivwnseslsavad i suazd e liiwansinet
pg19lTydAYIENINNgY benign uaz malignant @udnway mammography 3u  drlngllany
ANuduiusegeildsd1Ayn9aif 1ng breast density LWUU heterogeneously dense dluualily
duusAu malignancy (OR 2.51, 95%Cl 0.95-6.63, p = 0.050)

lunsiesigsaneaeye ultrasound WUl irregular shape, non-parallel orientation ey
not circumscribed margin dAMUENRUSAYU malignancy eg1sidsdrAyn19adf Lag iregular
shape &A1 OR 8.84 (95%Cl 2.91-26.86, p <0.001), non-parallel orientation #A1 OR 10.89
(95%Cl 1.35-87.57, p = 0.013) k&g not circumscribed margin 171 OR 9.75 (95%Cl 4.06-23.42,
p <0.001) & circumscribed margin WUFuRUSTURANIIATITUAY malignancy (OR 0.28, 95%Cl
0.14-0.58, p <0.001) saviBuauanslunnsed 3

A197°97 3 AUAURUSTENINENBUENIS mammography Wag breast ultrasound AUNAATIANI
neSIneidungise

Imaging finding odds ratio 95%Cl p-value

Mammography findings

Width, cm, median comparison - - 0.784
Length, cm, median comparison - - 0.776
Typical benign calcification 0.71 0.18-2.80 0.896
Amorphous calcification 4.85 0.23-102.30 0.385
Distortion 1.76 0.44-7.10 0.703
Skin thickening 1.15 0.21-6.28 0.896
Axillary lymph node 2.81 0.66-12.02 0.177
Heterogeneously dense breast 2.51 0.95-6.63 0.050
Extremely dense breast 0.21 0.04-1.05 0.067
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A9 3 AUAURUSTENINENBUENIY mammography tag breast ultrasound AUNAATIANIA
ne S e iduuzse (o)

Imaging finding odds ratio 95%ClI p-value

Ultrasound findings

Oval shape 0.97 0.48-1.98 0.935
Round shape 1.45 0.20-10.58 0.710
Irregular shape 8.84 2.91-26.86 <0.001
Non-parallel orientation 10.89 1.35-87.57 0.013
Circumscribed margin 0.28 0.14-0.58 <0.001
Not circumscribed margin 9.75 4.06-23.42 <0.001
Complex echo 0.99 0.46-2.11 0.979
Hypoechoic 1.07 0.52-2.22 0.857
Isoechoic 0.35 0.03-3.92 0.520

Cl = confidence interval. Lesion width and length were compared between benign and

malignant groups using Mann-Whitney U test.

3190l

pansAnEnUIE e seslsAi NG BIFRADS category 4 $11u 128 118 flangiaile 52.5 +
10.4 U waeilnansramanesineduuzisadnndesas 51.6 Tngvilafinusnniigade invasive ductal
carcinoma %ﬂaamﬂﬁmﬁu%gaizmmawmﬁswmuﬁ1 invasive ductal carcinoma \Juwdafinulsues
Agevasuzidadiun [1-2) egwlsfou dadumanuuzdsiananasianuneliuiunensfnm
Lffmmmdmé’ha*&mLﬁuﬁﬂwﬁlﬁ%’umiﬂmﬁmﬁu BI-RADS category 4 Wazdlnag ugunIawe s Ineua
%qmaﬁmmﬁ?ﬁ'mﬁugmsiamﬁqqmmizﬁmmﬁLﬁﬁﬂ%’umim’gﬁﬁmﬂimﬁ’ﬂﬂ

S¥AUYDYTOY BI-RADS category 4 Amnuduiusnunansianiane sinessidedfey 1ng
FadunsnunsSafiut umuseau B-RADS 210 BI-RADS 4A Ui BI-RADS 4C nasfsnameaonadasiu
WENNITVBI5TUY BI-RADS 71U category 4 sanidu BI-RADS 4A, 4B uay 4C isazviouseiunnuuiag
Fuvemzdiunnanatiy [11] Ine B-RADS 4C &A1 positive predictive value qﬂﬁqﬂ AoSouay 76.4 Lana
1ﬁLﬁudﬂﬂ6jmfZﬁmﬂm§mm malignancy qqﬂdmfjmjaaﬁluasjm'fmﬁ]u

aealsAmu A1 positive predictive value v89 B-RADS 4A Tunsnwniiwinfudesay 30.4 s?quq
e NENUIIINAETINRsEIL B9 Badesiud nazvesnguiegsiidu et sumenge
dufsuasinaBusumameBiveud saaguiuunsdmsiuasuurmeamsulanam e sdineluus
avanuNENUa [13]) wenani A positive predictive value 561174 BI-RADS 4A Liag BI-RADS 4B Lansi1g
fuldlinnidn Tae BIRADS 4A wirfuSeuay 30.4 waz BI-RADS 4B Winfudeeas 37.0 Anuuanseiaidamy
fomaseuamuiudoutesdnunrnmsswivaesnaue s v eonald SudvBnanndauies wlunga
BFRADS 4B fifimaudediarist aannausives ACR B-RADS Atlas S¥131 BFRADS dA msfl malignancy rate
Ussanau¥osay 2-10 wimsAnuiinugeisiesay 304 Ssemesungldnndnunsnguiesed dugied
Iisunsdwmaifiomindeufinunineedinienmd@iuiadowds flvussnnsdansewiily
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dawlSsuieunumissluusunvesusewelne Udaa 3mssasai sneuan PPV 989 B-RADS
48 uaw 4C TulsmemunarSasing a3uns uasy3sue [5] vnenduintunu dwens Mesulsvdvionares
N1557897UNE BIFRADS 4 uay 5 Tulsaneuianan [6] Fadulsmenuiaszaudarinmuiu a1 PPV 7ldain

@'\/ Phetchabun Medical Journal

msfnvwanidelndiAssiuramsnuntiagiu axfeuliifuinnanszsevesseslsangs BFRADS
category 4 uazdadrumswunzidilsmennasziuiminvesnefunliigsnitnasisiBdes ACR 39
Avmalinnmsfneiluyszansme fusn anuuansnsdsnaieafaanguiuunsdmsansnislunsdl
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