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¥ 2 & (Abstract)
Background and Objective:

Breast thermography is an examination which delineates physiological response of
the tumor. The purpose of our study is to evaluate the diagnostic performance of the
two types of breast thermography- steady-state and dynamic thermography, and
investigate the association of thermographic signs with breast cancer prognostic
indicators, including ER (estrogen receptor), PR (progesterone receptor), HER2

(human epidermal growth factor receptor 2) statuses, clinical staging, and histologic

grade.
Methods: L —
| i'_"..'....
| M

We conducted a cross-sectional sfuﬁy, and enrolled women who had suspicious
findings on mammography: or breast ulirasoufid: Wednterpreted steady-state
thermography using five thermographic signs and evaluated the diagnostic

performance by ROC analysis (Receiver operating characteristics) from age-adjusted

multiple logistic regression model

For the subpopulation of women receiving both steady-state and dynamic
thermography, the interpretation was determined by the two steady-state signs and two
dynamic signs. The age-adjusted logistic regression models with only steady-state
signs (model A) and with both steady-state and dynamic signs (model B), and the

resulting AUC (Area under the ROC curve) can be derived.

The association of thermographic signs and the prognostic indicators of the
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cancerous lesions were estimated for steady-state thermography and dynamic

thermography.
Results:

A total of 298 breast lesions were included for steady-state thermographic study.
The AUC was 0.781 for the fitted model (95% CI: 0.683-0.855). The specificity was
30.4% when the sensitivity was 94.3%. Of the 171 cancerous lesions, two
thermographic signs were inversely associated with ER (P=0.010 and 0.037), and three
signs were inversely associated with PR (P=0.039, 0.020, and 0.022). Triple-negative
(ER, PR, and HER?2 negative) cancers,tended tershow higher thermographic scores
than other types of cancers (P =0.029). One thermegraphic sign was positively
associated with clinical staging/(P=0:008). One thermographic sign was positively
associated with histologic grade of invaslil'{{-_é-dyctal carcinoma (n=128; P=0.037).

There were 56 lesions with both s’te@dy-gta_lte and dynamic'images available. The
AUC was both 0.744 for the models:A and B (95%3CI: model A, 0.512-0.978; B,
0.514-0.975), and the specificity was 33:3%. when the sensitivity was 100% for both
models. Of the 26 malignant lesions, one of the dynamic signs was inversely
associated with ER (P=0.021). The two dynamic signs were positively associated with
HER?2 status (P=0.015 and 0.033). One steady-state sign was positively related with
the histologic grade of invasive ductal carcinoma (P=0.006; n=22).

Conclusion:

The specificity of breast thermography was low when the sensitivity >90%.
Dynamic thermography did not show additional diagnostic yield than steady-state
thermography. The thermographic signs may be predictive of breast cancer prognosis.

Keywords: Breast thermography; diagnostic performance; breast neoplasms.
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2o FL IS S5 ZIEREBHREG 2S5 2% o 15 A48 BEPRT G ~

CB) R A R 1 R KA
S EEE Y L e kR S R R (e ROk A T R G A

?}?ﬁ%a-‘*tt*f :}*“fm R EXEPLEAEY > ¢ 27 % g (Raynaud’s
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discase) ~ s+ £ 7 Gk B R (SR B OR) 0 T R
BA PRI L LRP 2 A FRAE ] RT FRLE
Al e R 2ASR 0 AP R S RIRE AL LB REER - B L

B AT R R T F AR §

&0
|
=
b
~L
(\x

/‘ijlﬁfa E‘@}E l»;":’_};‘; _4’5&1#5/4;"1'5/&*"? 3‘;1519

A A EERERG %gﬁ—?ggj&.%_{ e ok 9454515 R
B R R 2 o s SRR RPR A 0 Al TS E 1S )

WP -k 2 AEEB GBI F S A o 2RI S A dE o &
GRS SRR ERUES SOy TR ERE SRR IF SRR L

ﬁﬁmﬁﬁiiﬁﬁoﬁé:%w»ﬁaé i Pl AL R

"
3
=
N
H
=k
N
+

B @%sﬁiﬁm PR i R R
ZRRAFORE Fi s R EM S HEE 2 A5 5 X PR /N 2
FhAm > 2B7 L pHEE% o fd s Fi“iﬁﬁ&a 5 X R~ AL
iﬁ»‘ﬁ*e;'?iﬂgi-‘[ﬁﬁ"~i€'3?i‘"Mf‘ﬂi*ﬂ»&%%} (fe 7 & FEBHLES 2 P

Hod ) Foohzrzeat - SR DR MBS HH AR 2 "‘{kr]j.lpggﬂi k2

A A LEE S P A 10 £ b gsk2 B R F A

-

SEEREER 5 - LSRR AeT- T2 oo F A F AN BT - ¢
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FER R R TR (THORRI e PR kR
R o H3 %55'“" AP 0T B R S 2 e Sk AT i

FUE AR Z AR

Lo (i &) — (3 R 3 8L ol &) =dT (B =12°C & 1) © 2 Hick
i 2 5 IR1 sign o dT % ¢ = Ul & £ (difference of temperature) o #
Dy dT<GIPC > VgL 5 05 1°C<dT<=2°C pF > 324 5 15 F

dT>2°C pF > 34 5 2

2. (prE R) fr (BRI E ¥ 2R B R) 2 dT: #2025

IR2 sign o § dT<=1°CHFE:RL 0 Aes dT>LC BF > RIFEL 1 A o

2

3. & m<*)ﬁa’*}f@n?”']&~%\ﬁi’ A SV R (star vessel) ~ ] VR

= ¥ (inverted V vessel) + "%" ﬁﬁ-il ‘w%% (fragmented vessel) ~ & $R3F 5 2.

& ¢ %% (closed Vessel =5 ,,%_;‘é Z%EI A safg 2 H 24 (vascular

]‘4

completeness 'fr'_fgagmlLthed V(;SSel 7};?&9{\ Eé‘) &2 5w g (bifurcated)
2 4= 2 (pointed) ﬂ_"g S 5 B " (thoa-moa vascular pattern » £ ¥
g g 2R & 2 RRAIZSe @G 7 AR~ 2 2 2 40) ~ e Al

¥ (transverse vascular pattern) ' © & R G U Rl e St

Ao giEie b AR G 0 A o gt & il 5 IR3 sign o

4. IR4sign® 5 5 5 R {8 FIM R = & 5 2 7% ¢ 3/ IR0 18 45 (retraction)
i (bulging) ¥ & & F %/l &2 % (an edge sign or bulge sign

backed by heat) '>** o 84 pL g pFRIZEA S 1 EB] 5 00

5. IRSsign © & — Tt~y it g o § R PR e $t Rl L okdp v

ERGAHAZRE O FL o G AMRES ST FRIG 0
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343 5B L AEDZ HF HiE

FREERLHT A N - R PR N R E R

“’.ir\

B EREPFEL SR (Gl R AFEREY 7 LBt b Rk

AR fpF ) V- fEER 22 LR E s BRLTEFR

"i‘\l

BRI R PR R BN AT 6 P A R

AR S R A s 2B R AER R T Eip’fg“ Np oL
Fitv P opLs % (outcome) 2 B % 0 A& hdpiks 45
1. #& o

2.dPre T (¥ = 5° ). Pk = ’I#ca‘%x lE’$ (#&i gz ) o o R R

2 5 RIAD IR R /R 2 m- é.“ u"l\. ‘““

3. dPadjT (¥ = %-2€): %T

BE ol , |t !|

4. tdPostmPreT (¥ = 4 °C) : IV‘ PSRBT R 7R e B R (R H D)
BEE2 Y o B3 dPreT 2 (8 F 2 10> B2 o 54 5 A 584 1)
Feis o HRICERLERET D G - AR 2 ABF e A AP ER B
W R AR A (R F) BR R EE S R ERERLE
WG Tgcts > HIBR T A AR K & @iy P e w1 s Jurist
% Ohashi ~ Usuki # & ¥ 33 » A flr B pEfr 2 (B2 F) &
Wz LB PR AP R B SR AR
B ({MelE; TP E BRFE R APBRL B2 8 H

B ) Am AT AL ia.:;;grﬁéw;w R EA T
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5. tdPostmPadjT (¥ = 5 °C): & & G &4 A 5[ i b foifif s ¥ 2

BOg A2 ¢ i3 dPadjT - £ 3 10 2 o

6. ¥ - 3 5 Wt A T hl Il 0 PARERBERERBL RS

FOEFAT SRS flgen LA e " # 2 IR3 ~ IR4 S IRS

A

’
kS
Cg‘r

LA P ts 2B R R AP e gt A AT Z RIS o d At

W2 I B pE 2k K F AT HL TR E ERBE S EF
AT RS R A e Rl S R A e SR S e e R

BT ;}»@pagp X & \‘ttf/?‘\r:“{i; A /%Iw e AL B g\g DIRAR 1]
ar g 3033
§ON AR AR LR R A b B B Ry A
23 M R o ol R g S R LB SRR SRR
| ‘;
F A {5 AT R AR S %M%*“’ LBy 5 b B
|
BLFEER o | n | ?’

|
'i')r.: It !|| .
B iR B i T W R RS G

J&# 85 B 2. region of interest (RO ZLE B~ > A P Fud L3v 5 5 B
FO10 & 0 25 s 2 bR PR (o9 342 4i) E TR @A F
2o P fE P R {8 eI 87 2|3 § 3 Matlab 7.1 R14 (The Matworks, Inc., Natick,

Massachusetts, USA) & it/ m T &7 o
IS RED SRR S R SR AP ML 2 4T

AL S REP SN R EE Y 0 2 ERPRHER2 4 47 & fRkk 4 5 >

B ke P

F“ 1 ER ~ PR ~ HER2 statuses #- r2 L % e 5 it &
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(immunohistochemistry) = ;%4 47 » 3t & (& = Fle) RIEIMEE > Ty
Ventana Benchmark System (Ventana Medical System Inc., Tucson, AZ, USA)
% 0145 o ER~PR %4 £ % f 2 anti-ER clone 6F11 % anti-PR clone 16 A&
o APE G S 2 A 24L36, 4 ER+ (ER-H %) 2% % ER % ¢
3 >=10%H 1% » PR+ (PR-F {%) 7+ 11>=10% = *» B - F] ER ~ PR = Jﬂ" x g
Wi F R (HR) A 2k HR-B G ERH& PR+ 273 & W b

HR-#£ 1+ 5 ER-¥ PR--

HER2 &_r2 anti-HER2 #1428 (polyclonal, 1:1200 dilution, DAKOCytomation,
Carpinteria, CA) 4 47 o # i* it DAKO 4 #7 % 5t#-HER2 4 5 0 1+ 2+
3+ 0 A% % ¥ HER2'Z DAKO O & 145 » A% HER2-(-) (HER2-12 %) -
HER?2 3+pF 5% HER2-(+) (HER2-[% 1) - 3 #% HER2-2+P| 12 PathVysion assay
(Vysis Inc., Downers Grove, IL) ;}-lilgorescent-in-s:ifu hybridization (FISH) *
2 # HER2 & F)/1¢ 4817 TJL;{: S ) bi>=2 " Bl & HER2-FH 42 -
‘ i
<2 p] 5 HER2-pafg " 530 o | ==

4
s § eh ¥ ERSPRSHER2 s %4 17— & 2 % (Composite types) :
Type 1 # HR-F5 1472 HER2-I£ 12 Type 2 = HER2-F5 £ @ 7 # HR 2_ & i

% @™ ; Type3 % ER ~ PR ~ HER2 % & &% > ¥ Triple-negative” °

eeh o TR e e 47 54 R o b2 TRk 4 % (clinical staging) 0 @ 4
S ERE R EBES € (American Joint Committee of Cancer, AJCC)
TNM & 50% = 5% 7o fe A s B ff it 5 3 £ 2% :stage 0 2 I stage > stage

I % IV -

- Zm B E R (invasive ductal carcinoma) » 4 7% & g4 47 H 8

& % (histologic grade) » % GradeI > II 2 III -
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3.6.1 X E TRskdu L TR 2 A 47

APFTHT LRBE R AAORETREEEESIT I ERL R
2 iz = «’..“:.Elﬁﬁ,&iﬁﬁﬁ‘;*}‘“é«’fj‘ (2 4g* 2 39 % ] - bra-cup
size MANE W] I8 2. T ) ~ B w B B A5 {8 Kk fF (menopausal status) 2 RS
Tk AR (U5 XR8P [ R) 2FELR (F G HEE £ H
CRN R B S A A R A E DR AN LA L N b Ak
(lesion size » =4 ) o @ {3 (£ & ~ b+ ) #-r2 Student’s t-test 2
Mann-Whitney U test (2 8% 77+ ﬁhﬂf) > ANOVA g Kruskal-Wallis test (3 ‘e
B RPE) 0 SR T (@GS ] RS X BRI g L2 A R) B

"2 chi-square test & . (Fisher’s Exact test ~ %‘r o M4 bR MR AR 2 B i

S 0

B

e

B w7 o L

1. £d 2 IR % #ci:d BEE#L2 T e FOiE Eﬁ“?%if‘;'] (logistic

regression model) » =i # % A 2. OR - age-adjusted OR -
2. B R § RacRiEstae E]T? #-74] (multiple logistic regression model):

1) i I8 e (training set): % P2 02 f§ H 5184 & (simple
random sampling) 2 = 3 > o X EFHE N = A2 - 2 i R A training

set °

2) f ¥k 23 HER 2 &7 IR & Az (IRI~IRS) % #4601 5 R Hcl
fE ;N Ep? (multiple logistic regression) 2. = ;% % 3> 2% i F 12 forward
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selection % backward selection % £ & /& T 37 st &N IR L E74
Hcs 7R > o forward selection chiE ~ R (entry) 2. P K &

0.05 > backward selection = stay 7P & 7% 2% % 0.05 - P £<0.05 2. p
RA MG EF A T ERIGEF R 2 RG T TRR

1% i~ 2 ¥ i¢ 7 forward 2 backward selection % P & i~ ¥ » 5 F

p

» 03] -

3) # ™ Hosmer and Lemeshow test & & 435 = -3 2.

Goodness-of-fit » P>0.05 p¥2k % fitted model *® -

Hosmer and Lemeshow test {:iéSJi = 0B % B TR 2 TRRS

% 10 & i» YRR 2 HP g v 248 11 Pearson chi-square

statistic A28

I'-”"" |
4) f B (Valldat% asg) 2 if Wk & IR %‘\»ﬁi&fﬁ (RIS B2
(training set) 2: ""“ﬂ | i uﬂ%;ﬁ;ifﬁa Y2 3R P 5 (predicted
propability) d“ﬁf%**@ééi(%@g@),?@%»;
ROC 7 AUC % 95%% ¥ @ (confidence interval, CI) *>*"» z d p
B A2 P BET 2 AT R R B EIERE R SRR E - E

TR R G

(1) TR AR E90% 4 EFAY FERERH (25
cutoff(1)) ;

(2) Youden’s Index (578 B+ 2 B-1) &+ &% P02 5

cutoff(2));

() HEREO%M ¥ FAAY SR AEFF Bz i
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3.

cutoff(3)) -
Ry RE S 2 ERI B

RS BT A A b Lk SR
BEHBMHEL rjfc{ﬁz& BZERMBAERR - ot rgLz
AR RESNFR R GRS Bkt 2 9 i cutoff(1) 2 cutoff(2)

g7 gl o
5) %E)&AE|7 = = i;&\_%,{r

OREE ﬁﬂWﬁwﬁ B FRER TRALG (B X
B A2 ;ﬁ) T UETRe 'Jl' \. BT TR R
BI-RADS® categoryl ~ jﬁsi"' ‘;.:L— —.(g'\» ,Ql’) 3R AR ol
K ek S gy Studre t s‘ﬂ't-e'FS't 4 Mann—Whltney U test » #f %] % 78 #-
" chi-square ‘Fc?st E‘i 1schgr ’s E)lie;rlct test %&%ﬁ~ od VR W E BRTE
fe 1 ":3‘.1%‘5%‘47 ﬁ‘»éli L Fﬂ; e g* R E 2

Q) AP HHERE L G A2 B BT TR
BI-RADS® 4 & (BI-RADS 3 ~4A #& BI-RADS 3 +4A 4B)¥ £

T AL RHLAPREBEER -

OELE-ERFCRE &S VEN ¥:2 EES TS SE T SN
o AP REE T RO R (S 2R R <2 o8) AR R B

2R -

TR B e e B TR T 2 A 4
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1). &4 % 47 % & ER+/-» PR+/-» HR+/-» HER2+/-% 7 F composite type
2R AR AAGEE (B BRSI R BES ] ~ TR
A )G EH o £ dL 2 g & o] -2 Student’s ttest 2 Mann-whitney
U test (4% ER~PR~HR-~HER2 4 #fF¥)> ANOVA # Kruskal-Wallis test
(% composite type & HFPF) fm 3t o B AP 1 E Tk & B2 chi-square

test & Fisher’s Exact test iz 2+ o

2). A ARIS B T A B A HGE A M o F ez 4% (ER PR~
HR ~ HER2 ~ composite type) » Fifk & B % S B2 4p B4 > -0

Fischer’s Exact test #& 4L H & % o
3.6.3 # L AP 20 A B (sample 51ze) Z-dg € 4 (power) f

TR MR R (FRg G 60 342) 2§ RH LT LR

O
N’
j
¥ 3&‘\\‘ -
")
S»“'
Tl
LIS
hrl
\=
|
|
EgN
‘m
=

Mg 42 2k Bk (oddswat
1‘3’ ﬁﬁ: j\%\ﬂ’;]’ #éﬁ‘%,\?/\ p- %ﬁfﬂ‘]m "“1 USUkl ?’g lJi_ 1991 E%}b%\—i

é%’%a’ﬁ%{ﬂﬁﬁﬁﬁ%%ﬁﬁig’a%%gﬂﬁ%“oaﬂé

Fe? o0 RIS R BIEN R ORBCT S 120 B2 s 107 oA L &
A ARH Y o BB B AR EREY HE - v R SRR HE R

g A sd A Tk (Table I-1 > [-3 5 [-4) o s>t 4F %] %78 2 B W35 IR
M APAETOR S22 A ALPEE 2 B BRAEEYG LB L
# %X (Po) ’:Z\v}gkpmr_r,ﬁ,\'a;bmgt,gqﬁozioét ;g 13,1829 =
11 Pg=0.2 > o level 0.05 > power 0.80 - OR=2 > 12 unmatched case- control study
2 REE P ARA VR B LG 172 LBk o F P04

£ (0> power’ OR) 37 % > Q)& 22 % 64 &% o

YR SRR E R R LY 0 4 & & Keyserlingk 2 Ng 2 % £
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TR Fir* mil ik AR EATY 22 OR 2 Py i % Keyserlingk » Ng
2P A (R AR Ng 2T AR TG EA AT
(0=0.05 » B k) $3 R FH2IFRIF]F 0§ A2 EHL G 48
Po=0.2 > OR=2 & » ¥ % 4 5 031 ; 3 OR=3 > H 8 ifi* 2 $pF » & 24
25 068; FOR=5FRI&EA 5096 % Pi=04- % %% 48 5] » OR=2

2 OR=3-OR=5z2 &%+ & 5 039-0.75-097-

3.64 & L MER LU LR A TR TR

PR AP A HAE R 4R (simple random sampling) 2. = 3¢ o d

\\\?{r

B

C‘g"
)‘I

3 LRRR 2 LG S A e R A S e 3 A 45 R e 2
HEE LA TRARAC S X LB R h) 2 AR s 0B
S8 F  TeR B 2 BL RADS® At piipdk (L& &) § 3483

AR & SEE K {8 T Mangj-ﬂﬂntﬁey U test >«4f ] % 38 #-12 Fischer’s

Exact test ¥ AL 20 o =320 i e % 5j23 je %'4 BLisd iR A 4 o AN Ipdp g -

A KR R A ”geg:g@g;g o ’,f

S B R R R L e A R

5 ﬁ_/,,\ﬂ}fr—% N

Lo§F P 3 8 R KR 0 I F R S R
2 P 4 (T IR3IRAIRS) » P &6 B A% 16 % 85 i BIER X
A R R A PR L 5 PRI ] (¢ e o
i» 12 forward ~ backward selection » 4 4= 5§ 2_ £ 1@ |4 2 Hosmer and
Lemeshow test ¥ F| & if #-73] 2 H v Eﬁ? % #c o ¥ #- forward selection #:E »
& (entry) 2. P &% % 0.05 > backward selection i stay 0 P 5 75 2% &

0.05°p B<0.05 2 p %7 4§ BFHHA? o B L xBIEFI 2]
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T RLFIRE F TR % B~ 27 a4 & forward 2 backward selection FF P B $i
¥ i

B SN =

2. AP AT R R~ #4862 dPreT & dPadiT 2 3" e H3] (#7 A) -
dPreT ~ dPadjT % > &5 - 78 - & AN B AP > FIH & L3 L&Y
2_ 23 % % o A1 Hosmerand Lemeshow-test # 4R ot #-7] 2
goodness-of-fit o r’ AP A 1' 2 ,ﬁ ‘56;?”‘5’_7\ AUC %2 95%CI -

M=)
=

|
r+qwq#ﬁ¢aa@;@«ﬁﬂk@&ﬁw@mmmTa

- e

tdPostmPadjT) # "!‘a"'\ﬁﬁl{.‘:g[_ﬁﬂ o gg,ig;_ A g | (¢ 3£ E &) 758
forward ~ backward seléc‘tion‘ 2R A2 P #<0.05 2. BRI HR-g IR 0T
#oo X R kRN F A RRELILS G TRk B E ¥ A & forward
% backward selection FF P g iz~ —?5 v v Z o~ #7) o & 12 Hosmer and
Lemeshow test & AL ¢t #-7] 2. goodness-of-fit o ¢ #-3| ($3] B) Jpid E i
PAZPRATL 3 APRE2PBEAMd M B R E%F

¥z AUC %2 95%CI -
AR RFET - A%k ez AUCF B ozt 2 £ 8 o

3.d 12 22277 » "E& L 47H 2 FraL™ RE~FER B

MARRIE S AHIERIE ) P A HFLARED T BV L EHEE
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21 AR AR>0% M F BT > FERRFE (cutoff(1); & 2)

Youden’s Index # * EFF2_*7 8 (cutoff(2)); & 3) #FE & & 90%12 +

FoERA R RERRF (cutoff3)) o £ Y RE T iy B o

4. P B MmUY b il BIRADS A oz = %
(BI-RADS®3 ~ 4A # 3 ~ 4A ~ 4B) » +* f H 2|3 £ pez 324 (dPre T ~
dPadjT ~ tdPostmPreT % tdPostmPadjT) 3 & £ £ o gt %1

Mann-Whitney U test & 4R.2_ °

5. PR B VEH L AR L SRR (<51 aa A <2

D)o iR H B E R 374 (dPre T ».dPadjT ~ tdPostmPreT %

tdPostmPadjT) 7 T Bae

35 & A ER lg\\ ,{%ﬁ.)ﬁ—; ¢ » AP 45 H A ER+/- 0 PR/-
HR+/- » HER2+/- do poslte type‘ 7 ol #A‘ SRR ] s AR
R E R 74 Ff" o 2 o ?\' i ﬁé?—ﬁ,g (ERERR RS B A
4 (dPreT ~ dPadjT‘; tdl;osthreT % {dPostmPadiT) *+ 7 F A 5 e ~
Tk A % e s B E R e e gt #-r Mann-Whitney U test &

Kruskal-Wallis test & 4. 2_

365 Tl EER KR ARE TS Bt

M L AER LAY RE N AP A LIVETE T RINZBER
B2 4 o ¥k Usuki 2475 200 Bov it 5 H BB i G RCA Y 2 X X
X532 . OR 5 997> X4 O0R % 4.66° % 2 OR=5 % & > alevel 0.05: power 0.80 »
Bl 2 §i 2 vt Adk

Po=0.2 » 12 unmatched case-control study % 3+ & >

2280 F Pp=04m HisiEiza % PlEedrIikAagg2]o
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Eonr Tk AnB ot A Bt PF2 OR & (OR=5) % IR % f#z» 2 Usuki
fed e 5 D 2 fhdo PR RS H BT (00050 B ) FF Po=0.2
OR=5: & ‘et A#ics 3460320 2 2+ £ 5 0.87:0.99 1.00 « ¥

Po=04 > Pt H @22 % B4 &5 089099 1.00-
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3
=
s
i
*‘ﬂ

411 #EEFEL2 TP~ mfe

A h L R I AR TRA B 0 AR L W 3 (Figure 3) -

£ 276 p b (298 o) 425 LR T A -
412 BEAEDEEEEATRLIL

B EE AT A L 2 IV—I 0 {2298 Bk ? o 174 BpE G &
B (5 F R s 20 BRI 182 B2 R R UL e UL

PUBE 12 BR AR ’4—7 )}ia:j'.,?b.ﬂ A5 ¢ # 4 (atypical ductal
heyperplasia, ADH) -2 Ja ¥t & 242, ;] i ;]&i‘g 24 (atypical lobular heyperplasia,
ALH)» ¥ 3 & 5 3% i )ﬁa“r (papﬂlary 1¢510ns) AT 2 BIEREH 2
EEZF X 7IN %”“Jb%**ﬂ.’Eﬁﬁ?ii%§°%i*+(”§ﬁ
Sl EA) R E BB LG A
Hedtg folaits on 2w 2 BERRGE AL EE Eftodpt 27

ﬂ}' r:” E"]tﬁ?-&‘ ﬁxl"@ FB' P ﬁ'&rﬁ L I/JIJ kS l’% = ]9#\;@ (P <0001)’ S?-E'ﬁ’»? ¥ );‘E {?‘]:‘%

Bl i s 2 ¢ o

AP EPEABAET (s XEFERZRFR) 24R7TF 3
oo Bfie] 4F Y (microcalcifications) # W2 pE B3 T os T
B AP G ORB R R 5 Bt 208 oY o 5 281 ot
%5 AR 4 I BI-RADS" A & (Table IV-2) » # @ 38 (3 k2 A s &
& BI-RADS" categories 4A (n=70) » 4B (n=72)% 4C (n=95) ©
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413 #FHiEEP IR £ iz H 8L 47

BOBIESN R AT S B IR A i R 2 PRI (R TV-3)

PP g Tl e IRAMY S HEGS G HFL LM 13 2 IRFF45 2

hpiu)

FEEE e L B e AF ARG I RN T FIIH N R (R

IV-3) o
414 FEEEDDE A2

S E R R S 0 298 BT B 23 B (n=199)
YIRS T3 o e90) SR e I R e 8

)
=

Josg Ao s A B ‘vwmg»\ﬁf %R~ BI.RADS® 4 i ~

—

% oo toa Mk 2038 (z\ IV4)o~'~\:rH :té:_&ﬁaﬁs B+ 8 IR % fic

it

)

B x i forward 2 backward s?lecﬁun A xf' | 2o Bsg B3] 5 :

h il
| ; "»_ I \ y
Logit(P)-4.859+O.078Xfige)FOT682>ﬁ('IR1)+l 675%(IR5)...(5% 1)

"N | |
#* H#-3) 2. Hosmer and Lemeshow test-2_ P B 5 062 &7 HAHE - i

7 (fitted) 2. #£7] ©

AL Bz 2 IRINIRS 2z @ d ~» itz N 1> 7 @95
A - Jp 2 RR # % (predicted probability > 3 B3 R R & e
tz 45 frmp g% HRE D2 AUC gk 5 0.781 (95% CI
0.683-0.855) c ¥ K 2 3 B BT 2 ATR E ~FR R B EIERE -~ EHE
FER B4R V-5 &3 BB AR AR ~FBARY > B F A7 ELE
(cutoff(1)) 2. #TR & >90% > Youden’s Index # % 2. *7 8 (cutoff(2)) % ¥ -

*7 8L (cutoff(3)) 2 TR & ¥ <70% > #xpt 2“7 BLF 7§ * 5L B U o
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E_‘I'*E"WJT%‘#G IR2 ~ 1IR3 ~ IR4J|)\’}’i§’]oi’Lm 9Q}§LL]76 &g.}'\w?)
BIR 2 4c “RFBR D2 F2 > ZA P B E8Z SBIR 245 »~ »

e 8 P2 K G

Logit(P)=-5.594+0.082x(Age)+0.684x(IR 1)+0.075%(IR2)+0.8 10x(IR3)

+0.485%(IR4)+1.309%(IR5)...(5* 2)
H Hosmer and Lemeshow test 2. P i& & 0.28° % 77 ¢ H-4] 4 &7 &% o

AfpRhmes B~ 5SBIR A2 BE ™ » N2 X3y 2 shme
2 ApRlgs St 7 WD ATAUC @ 5 0:800(95% CI © 0.705-0.872) = 4>+ 3
o B Wﬁ*ﬂﬂ&¥%1&\%&ﬁmﬁ‘@ﬁﬁWE%%non
Fomn it 3N 1 2 SheE e l’"’bt»ﬁul J ‘?P“' y ﬁu%’ T ghear R >90% o

PR arpa Uc¢5f$ L3 2 £8 (P=0.16)(Fl 4-6)-

ER ST T 3 R ;’E‘.E“‘ ﬁ?v» ﬁ”f’\;’)&?%‘\»l&’?ﬁiz\ IV-6 2 1V-7 -
R <=2 Jﬁ" Bpor 12 F 5% 1 (Age-IR1-IR5) # &3¢ 2
(Age-IR1-IR2-IR3-IR4-IR5) H34] » B & 1 102 35| s 2 %4 b o & 35 24
P g 3t 2 £ 8 (Mann-Whitney U test; 3 1 2 P 2 0.018> 54 22 P
2 0.009)c @ f PEFEBR MK T2 AR R/FRE R AN 1A 88.9%

/36% = 73t 2 3] 5 88.9%/40% o
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Table I-1. Systematic review of breast thermography

Author, year

Design/ duration/
population/ type of

examination

Age (years) Sample size

Measurement

Outcome

Statistical method or

analytical method

Haberman et al,

1980

Threatt et al, 1980

Jurist et al, 1982

Cross-sectional/
1974-1977/
Screening/
Steady-state
thermography (thermo)
Cross-sectional/
1973-77/ Screening/
Steady-state thermo
+mammography
(mam) +PE
Cross-sectional/

Study period not
clearly stated/
asymptomatic and
sympatomatic women/

dynamic thermography

Range not
mentioned/
10% below
40 years

35-74

Not clearly
stated

39,802 Breast cancer

Prevalence (P)/

Sensitivity(Sen) of thermo and

thermo plus physical

examination (PE)

515 Sen (prevalent and incident
cé@s)/ false-positiye (FP) rate/

‘ Congordancefor thé first and

il

repeated reading

721 (140 Transformed scores from GST

normal; 19 with —“scoring system/
breast cancer; Sen, Spe from different cut-off
562 with benign by transformed scores
lesions) (benign cases as

“disease-negative”)

P=1.78/1000(71/39802);
Sen=78.9% (56/71)
overall
Sen=70.6%(<50y);
Sen=85% (Thermo+PE)
Sen (prevalent) 47%;
Sen (incident) 42%/

FP: range 17-73%; mean
38%/

Kappa 0.290-0.623
When cut-off
1).>-0.944, sen 93.5%,
spe 50%

2). >0, sen 90%, spe
57.4%;

3).>0.15, sen 87.1%, spe

60.1%

Descriptive statics for

prevalence and sensitivity

Descriptive statics for Sen

and FP; Kappa statistics

Sen, spe measurements

derived from 3 cut-off points
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Table I-1. Systematic review of breast thermography (Continued from the previous page)

Author, year Design/ duration/ Age (years) Sample size Measurement Outcome Statistical Method or
population/ type of analytical method
examination

Usuki et al, 1991 Cross-sectional study Range not 376 (malignant:  Sen, spe and accuracy of Non-subtraction: Logistic regression (single
/period not stated/ clearly 56; benign:-320)  non-subtraction and subtraction ~ Sen 85.7% (48/56); cut-off)

Women with benign stated dynamie-thérmo Spe 65.6 % (210/320);
and malignant breast Accuracy 68.6%/
lesions./ Subtraction:

Dynamic thermo Lt Sen 89.3% (50/56);
without and with = Spe 78.4% (251/320)
subtraction 3 W “ Accuracy 80.1%

Keyserlingk, et al,  Cross-sectional/ 31-84 200: h “ Sen' of mam Thermo sen 83%, spe Descriptive statics of sen,

1998 Study period not (mean 53 100 canicer cases | Senof therndldj _ 81%; spe
mentioned (but as of years) ( DCIS: 4, Stage Sen of mam+ tﬁermo mam sen. 85%;

Aug 1995)/ biopsy
proven malignant and
benign cases/

Steady thermo + mam

I: 42, stage II: Sen of PE+mam-+thermo
54)/

100 benign

Spe of thermo

cases

Mam-+thermo sen: 93%;
Mam+thermo+PE sen

98%.
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Table I-1. Systematic review of breast thermography (Continued from the previous page)

Author, year

Design/ duration/
population/ type of

examination

Age (years) Sample size

Measurement

Outcome

Statistical Method or

analytical method

Ohashi, et al,
2000

Cross-sectional/
1989-1994/ biopsy
proven malignant and
benign cases/

steady+ dynamic thermo

Not clearly

stated

828 (728 breast
cancer women
and 100 benign

cases)

Sen, spe of steady thermo and
steady + dynamic thermo in
overall population and sen in

different stages

’:{‘ I~

d

Steady: sen 54%; spe
59%; Steady+dynamic:
sen 82%, spe 48%/

TO stage: steady sen
71.4%, steady + dynamic
71.4%; T1: steady sen
58.3%, steady + dynamic
sen 85.6%; T2: steady
73.9%, steady + dynamic
sen 87.8%; above T3:
steady sen 91%, steady +
dynamic sen 97.7%

Descriptive statics of sen,

spe

Ng, et al, 2001

Cross-sectional/

Study period not clearly
stated/ asymptomatic and
symptomatic cases/
steady thermo, artificial

neural network (ANN)

Cancer:
45+/-5;
benign:
46+/-10;
Healthy:
51+/-8)

82

(cancer: 4;
benign: 48;
healthy : 30)

Sen; Spe; PPV: NPV; Acc

(disease positive: benign and
cancer; disease negative:
healthy) (*disease positive:
cancer; disease negative: benign

and healthy)

Sen 54% (*75%)

Spe 67% (*55%)

PPV 74% (*8%)

NPV 46% (*¥*98%)
Accuracy 59% (*56%)

ANN
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Table I-1. Systematic review of breast thermography (Continued from the previous page)

Author, year Design/ duration/ Age (years) Sample size Measurement Outcome Statistical Method or
population/ type of analytical method
examination

Parisky et al, Cross-sectional Range not 769 ( 875 Sen; Spe; NPV; PPV Overall: Descriptive statistics for sen,

2003 /4-yr trial (5 centers; clearly lesions; Sen 97% spe, NPV, PPV
period of time not stated malignant: 187; Spe 14%
stated)/ for suspicious benign; 688) NPV 95%
lesions on PPV 24%
mammography/ dynamic For lesions excluding
thermo ﬁ_ Fa “microcalcifications

{‘ :’, ¢ | alone”:
_! | m | Sen 99%
| ] Spe 18%
4 "% NPV 99%
PPV 27%
Arora et al, Cross-sectional/ 23-85 92 women ‘Sen, spe-of three modes Screening mode: sen Descriptive statistics for sen
2008 2000-2004/ suspicious (mean 51) (94 lesions: 96.7%; spe 11.8%; and spe

lesions on mam and
ultrasound/ 3 modes
(scores) for
interpretation: screening,

clinical, ANN

malignant: 60;

benign: 34)

Clinical mode: sen 90%;
spe 44.1%;

ANN: Sen 96.7% ; spe
26.5%
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(To be continued in the next page)

Table I-1. Systematic review of breast thermography (Continued from the previous page)

Author, year Design/ duration/ Age (years) Sample size Measurement Outcome Statistical Method or
population/ type of analytical method
examination

Ng et al, 2008 Cross-sectional/ Cancer 82 Sen; Spe; Accuracy Sen 100%; spe 71%; Three-step method:

(the study Study period not clearly  patients: (cancer: 4; (diseasepositive; benign and Accuracy 81% 1). Linear regression

participants stated/ asymptomatic and ~ 45+/-5; benign: 48; cancer; disease.fiegative: 2). ANN
same as that in symptomatic cases/ benign: healthy.: 30) healthy; the detailed Contingency 3). ROC (single cut-off)
Ngetal, 2001) steady thermo 46+/-10; table wasnot shown in the

Healthy: ‘ stu,‘apﬂ" !

51+/-8) 1l m

Steady: steady-state thermography; Sen: sensitivity; P: prevalence; thermo: therrhography; PE: physical examination; mam: mammography; FP:
false-positive; Spe: specificity; GST: Graphic stress telethermometry. NPV: negative predictive value; PPV: positive predictive value.

Acc: accuracy; ANN: artificial neural network.
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Table I-2. Ville Marie Infrared Imaging (IR) Grading Scale (modified from Keyserlingk et al.,

1998)

Signs

1. Asymmetric vascular pattern (excluding abscess or recent operation)

2. Vascular morphological abnormalities or anarchy: tortuous vessels with
aberration of the vascular distribution

3. Afocal increase of temperature (dT) compared to the contralateral mirror site
with dT>=1°C

4. A focal increase of temperature compared to the contralateral mirror site with
dT>=2°C

5. A focal increase of temperature compared to the rest of the same breast:
dT>=3°C

6. The difference of the global heat of the'involved side from that of the

contralateral breast: dT>=1.5°C.

Scaling system:

IR 1: without or with any mild vascular pattern.descrlbed above

IR2: featuring prominent, symmettical Vascularﬁpattern opmoderate but stable
vascular pattern over serial exams

IR3: one sign (as described above)

IR4: two signs

IRS: three signs.

Modified from reference No. 18.

72



Table I-3. The diagnostic performance of dynamic thermography of the breast (modified
from Jurist et al., 1982)

C>-0.944 C>0.000 C>0.150

Sen (%) Spe (%) Sen (%) Spe (%) Sen (%) Spe (%)
Normal vs Cancer 93.5 72.5 90.3 80.8 87.1 82.3
Benign vs Cancer 93.5 50.0 90.3 57.4 87.1 60.1

Modified from reference No. 32.
Normal vs Cancer: The comparison between normal volunteers and cancer cases.
The sensitivity (Sen) = (the number with postitive test)/ the number of cancers based on a
given cut-off value (C).
The specificity (Spe) = (the number with negative tests)/ the number of normal volunteers
based on a given cut-off value (C).
Benign vs Cancer: The comparison between biopsy-verified:benign cases and cancer cases.
The sensitivity : the same as above.
The specificity = (the number with negative tests)/ (the number of benign cases) based on
a given cut-off value (C).
A positive test indicated if a lesion having a traﬁis_fgg'ned score higher than a given cut-off
value. [ | " i |
A transformed score = (GST score-78.8)/ IQ; iwheré'a GST score was a weighting scoring

system for a lesion, ranging from I to 99'points. .
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Table I-4. The diagnostic performance of non-subtraction dynamic thermography and

subtraction thermography of the breast (modified from Usuki et al.,1991)

Test (+) (n) Test (-) (n) Sen (%) Spe (%)
t (Score > (Score <
4.46x107) 4.46x107)
Non-sub
Benign 110 210 85.7 65.6
Malignant 48 8
Sub
Benign 69 251 89.3 78.4*
Malignant 50 6

Modified from reference No. 31.

"The authors did not clarify the test resultif the score = 4.46x107

Test (+): positive thermographic result; Test (-):negative thermographic result.

Non-sub: Non-subtraction dynamic thermography.

Sub: subtraction dynamic thermography.

*p<0.01 (two-sample proportion test). ‘ ':‘,_

Score = -0.89+0.21 X;+ 0.68 X, + 2.31 X; + 1.54'?(4 +1.00Xs

X: the temperature difference (°C) of a foéai hot él'r-ea fr;om that,of the contralateral mirror
image site. S

Xj,: presence of hot spot (presence of the sign=1; absence =0).

X3: focal prominent vascular pattern (presence of the sign = 1; absence = 0).

X4: vascular dilatation, focal (presence of the sign = 1; absence = 0).

Xs: vascular asymmetry (presence of the sign = 1; absence = 0).
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Table I'V-1. Clinical and conventional imaging findings for women receiving steady-state

thermography.
Basic findings Benign Malignant P
Patient (lesion) number 111 (124) 165 (174)
Age, years (SD) 45.4 (11.2) 54.3 (11.1) <0.0001
Pathologic size, cm (SD) 2.15(1.92) 2.88 (2.00) 0.001
n(%) n(%)
Conventional imaging*
1 76 (66.7) 25 (16.0) <0.0001
2 4(3.5) 42 (26.9)
3 34 (29.8) 89 (57.1)
Menopausal status
Pre- 65 (67.0) 51(37.0) <0.001
Post- 32 (33.0) 87 (63.0)
Bra cup size
AorB 72 (5841) 125 (71.8) 0.018
C or above 52 (419) =5 | 49 (282)

Pre-: premenopausal; Post-: postmenopausal. TheWémen who received oral contraceptives
or hormone replacement therapy' within 6Lrﬁ0nths},' or who were post-menopausal due to
hysterectomy or oophrectomy were excludéd, and thusv leaving 235 lesions for analysis.

*Conventional imaging findings: the integrated-imaging finding on mammography and breast

ultrasound described previously™”. 1: microcalgifications without evidence of mass (or
architectural distortion, focal asymmetry); 2: microcalcifications with mass; 3: mass
without microcalcifications. The 28 lesions of 28 patient’s conventional imaging

examinations were not available for correlation, and thus only 270 lesions for analysis.
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Table IV-2. Lesion BI-RADS" distribution in conventional imaging for women receiving

steady-state thermography

BI-RADS" Benign Malignant P
(n=119)(%) (n=162)(%)
3 (n=10) 8(6.7) 2(1.2) <0.001
4A (n=70) 59 (49.6) 11 (6.8)
4B (n=72) 39 (32.8) 33 (20.4)
4C (n=95) 11(9.2) 84 (51.8)
5 (n=34) 2(1.7) 32 (19.8)

BI-RADS" categories: the impression of conventional imaging studies in the formal report.
3: probably benign; 4A: low suspicion; 4B: intermediate concern; 4C: moderate concern;
5: high suggestive of malignancy. The BI-RADS reports were not available for 17 lesions,

and thus leaving 281 lesions for analysis.
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Table IV-3. Analysis of steady-state thermographic signs and the final results by univariate

analysis without and with age-adjustment

IR scores B M p* Univariate Age-adjusted OR
OR(95%CI)(P**) (95%CI)(P**)

IR1 0 93 68  <0.0001 1 1

1 27 66 3.5(2.3-5.3)(<0.001) 3.4(2.2-5.2)(<0.001)

2 4 40 - -
IR2 0 78 70 0.0001 1 1

1 46 104 2.5(1.6-4.0)(0.0001) 3.0(1.8-5.0)(<0.001)
IR3 0 42 19 <0.001 1 1

1 82 155 4.2(2.3-7.6)(<0.001) 5.1(2.6-10)(<0.001)
IR4 0 114 140 <0.01 1 1

1 10 34 2.8(1.3-5.8)(<0.01) 2.9(1.3-6.4)(0.009)
IRS 0 77 38  <0.0001 1 1

1 47 136 5:9(3%5-9.8)(<0.0001) 5.9(3.4-10.3)(<0.001)

B: benign lesions; M: malignant lesions. Cl: ‘cor'}'ﬁ'ﬂgnce interval.

OR: odds ratio. [ T

IR1: Temperature difference of the lesion site with'that ofithe contralateral site.

IR2: Temperature difference of the.lesion site with that of the adjacent normal breast tissue at

the same side.

IR3: Abnormal vascular pattern.

IR4: Focal edge or bulge of the surface contour with back heat.
IRS: Asymmetrical thermographic pattern.

P value estimated by *Chi-square test, **logistic regression analysis.
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Table I'V-4. Basic characteristics in training and validated sets in steady-state breast

thermography
Training set Validated Set P
(n=199) (n=99)
Age (years)
Mean (SD) 51.3(11.8) 48.7(12.0) 0.08
Lesion Size (cm)
Mean (SD) 2.50(1.89) 2.70(2.22) 0.45
n(%) n(%)
Pathology
Benign 78(39.2) 46(46.5) 0.23
Malignant 121(60.8) 53(53.5)
Conventional imaging
1 67(36.6) 34(39.1) 0.90
2 31(16.9) 15(17.2)
3 85(46.5) 38(43.7)
BI-RADS"
3 4(2.1) 6(6.7) 0.23
4A 48(25.1) 22(24.4)
4B 46(24.1) 26(28.9)
4C 70(36.7) 25(27.8)
5 23(12.0) L1(12:2)
Menopausal status '
Pre- 71(47.0) - TZ.';:.’_‘_ 45(53.6) 0.34
Post- BO(531() == 39(46.4)
Bra Cup size 1l
AorB 131(65.8) ““= |1 66(66.7) 0.89
C or above .68(34.2) | 33(33.3)

The definitions of conventional imaging finding types, BI-RADS® categories’ menopausal

status were the same as those in Tables [V-1and TV-2.
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Table IV-5. Diagnostic performance of steady-state thermography of the breast

Model 1
(Age-IR1-IRS)

Model 2 P
(Age-IR1-IR2-IR3-IR4-IR5)

AUC
Training (n=199) 0.835 0.837
Validated (n=99) 0.781 0.800 0.16
95%ClI 0.683-0.855 0.705-0.872
Validated Set

Cutoft(1)
Sen(%) 94.3(50/53) 94.3(50/53)
Spe(%) 30.4(14/46) 34.8(16/46)
PPV(%) 61.0(50/82) 62.5(50/80)
NPV (%) 82.4(14/17) 84.2(16/19)
Acc(%) 64.7(64/99) 66.7(66/99)

Cutoft(2)
Sen(%) 67.9(36/53) 58.5(31/53)
Spe(%) 82.6(38/46) 89.1(41/46)
PPV(%) 81.8(36/44) 86.1(31/36)
NPV (%) 69.1(38/55) 65.1(41/63)
Acc(%) 74.7(74/99) 72.9(72/99)

Cutoft(3) ,
Sen(%) 47.2(25/53) _\ 50.9(27/53)
Spe(%) 95.7(44/46). "';_‘_ 93.5(43/46)
PPV(%) 92.6(25/27)] === 90.0(27/30)
NPV (%) 61.1(44/72), 11 62.3(43/69)
Acc(%) 69.7(69/99)| = 70.7(70/99)

Model 1: The model contains age, IR1, TRS as.covariates. 3

Model 2: The model contains age and all IR signs as covariates.

AUC: area under the ROC curve.

Cutoff(1): The cutoff point which shows the highest specificity among those cutoff points
with corresponding sensitivities > 90%.

Cutoff(2): The cutoff point which has highest Younden’s Index.

Cutoff(3): The cutoff point which shows the highest sensitivity among those with
corresponding specificities > 90%.

Sen: sensitivity; Spe: specificity; PPV: positive predictive value; NPV: negative predictive

value; Acc: accuracy.
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Table I'V-6. Subgroup analysis of validated set in steady-state thermography

Benign Malignant P
Lesion(size)
<=2cm (n) 25 27
Predicted P (median)
M1 0.339 0.614 0.018
M2 0.333 0.570 0.009
<=Icm (n) 20 7
Predicted P (median)
M1 0.339 0.507 0.13
M2 0.362 0.392 0.23
BI-RADS"
3,4A, 4B (n) 37 17
Predicted P (median)
M1 0.339 0.576 0.027
M2 0.333 0.570 0.031
3,4A (n) 24 4
Predicted P (median)
M1 0.387 0.653 0.15
M2 0:346 0.603 0.29

Predicted P: predicted probability.
MI1: model 1 (Age-IR1-IR5); M2: model 2 (AgejIRl—IR2—IR3—IR4—IR5)
" Mann-Whitney U test. "w
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Table IV-7. Subgroup diagnostic performance of steady-state thermography of the breast

Model 1 Model 2
Stratified by Size
Size<=2cm (n=52)
Sen(%) 88.9 (24/27) 88.9 (24/27)
Spe(%) 36.0 (9/25) 40.0 (10/25)
PPV (%) 60.0 (24/40) 61.5 (24/39)
NPV(%) 75.0 (9/12) 76.9 (10/13)
Acc(%) 63.5 (33/52) 65.4 (34/52)
Size<=lcm (n=27)
Sen(%) 100.0 (7/7) 85.7 (6/7)
Spe(%) 30.0 (6/20) 35.0 (7/20)
PPV (%) 33.3 (7/21) 31.6 (6/19)
NPV(%) 100.0 (6/6) 87.5(7/8)
Acc(%) 48.1 (13/27) 48.1 (13/27)

Stratified by BI-IRADS®
3, 4A, 4B (n=54)

Sen(%) 9411 (16/17) 94.1(16/17)
Spe(%) 35.1 (13/37) 37.8 (14/37)
PPV(%) 40:0 (16/40) 41.0.(16/39)
NPV(%) 92,9 (13/14) 93.3 (14/15)
Acc(%) 53.7 (29/54) == 55.6/(30/54)
3, 4A (n=28) | 2=

Sen(%) 100.0(44) | 1 75.0 (3/4)
Spe(%) 333 (8/24) 37.5 (9124)
PPV(%) 20.0/(4120) | 16.7:(3/18)
NPV(%) 100.0 (8/8) - 90.0(9/10)
Acc(%) 42.9.(12/28) 42.9(12/28)

The abbreviations were the same as Table 1V-5;

The subgroup Sen, Spe, PPV, NPV, Acc were estimated using the cutoff(1) for the 2 models.
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Table I'V-8. Lesion characteristics of breast cancer in women receiving steady-state thermography

ER PR HR HER2 Comp

+(n=122) -(n=49) +(n=90) -(n=80) +(n=126) -(n=45) +(n=37) -(n=131) 1(n=109) 2(n=37) 3(n=22)

mean age, years (SD)  54.0(11.5)  55.2(9.4) 53.3(10.9)  55.6(10.9)  54.2(11.5)  54.5(9.5) 52.5(8.7) 549(11.5)  544(11.9)  52.5(8.7) 57.209.2)

mean lesion size, cm 271D 3.3(2.5) 2.6(1.6) 3.2(2.3) 2.7Q1.7) 3.4Q2.6) 3.2(2.3) 29(1.9) 2.8(1.7) 3.2(2.3) 3.4Q2.7)
(SD)
n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)

Conventional imaging

1 15(14.1) 3(18.2) 9(11.4) 13(18:6) 15(13.6) 8(20.0) 6(18.2) 14(12.3) 11(11.7) 6(18.2) 3(15.0)
2 27(25.5) 15(34.1) 20(25.3) 22(31.4 29(26.4) 13(32.5) 13(39.4) 29(25.4) 22(23.4) 13(39.4) 7(35.0)
3 64(60.4) 21(4°7.7) 50(63.3) 35(50.0) 66(60.0) 19(47.5) 14(42.4) 71(62.3) 61(64.9) 14(42.4) 10¢50.0)
Staging ] o~ 3
0,1 48(39.3) 21(42.9) 38(42.2) 30(37.5) 5140:5) 18(40.0) 16(43.3) 50(38.2) 44(40.4) 16(43.3) 6(27.3)
I 40(32.8) 17(34.7) 33(36.7) 24(30:0) 41(32‘:;-57"-:'“ 16(35.6) 12(32.4) 45(34.3) 36(33.0) 12(32.4) 9(40.9)
L, IV 34(27.9) 1122.4) 1921.1) 26(32.5) ‘! %4(27.@.)“ 11(24.4) ~9(24.3) 36(27.5) 29(26.6) 9(24.3) 7(31.8)

Comp: composite types (combination of ER, PR, HER2 stqtus). ! C&ype 1): HRﬂ-positive (either ER or PR positive, or both positive) but
HER2-negative; 2 (type 2): HER2-positive irrespective of HR sfa.tus; 3 (type ‘3“):"'triple-negative. HR (hormone receptor) indicates ER and PR.
Conventional imaging (combination of mammographic and ultrasonegrapic findings): 150 lesions with available mammographic/
ultrasonographic findings. The definition was the same as that in Table I'V-1.
The age, lesion size between ER +/ER -, PR +/ PR -, HR+/-, HER2 +/ HER2- were evaluated by Student’s t-test, and among composite types by
ANOVA test. The association of conventional imaging, staging and ER, PR, HER2, composite type results was evaluated by Fisher’s exact

test. All the P-values were non-significant (>0.05).
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Table I'V-9. The association of steady-state thermographic findings with ER, PR, HR, HER?2 statuses, and three composite types of breast cancer

ER P PR P HR P HER2 P Comp P
+(0=122) -(n=49) +(n=90) -(n=80) +(n=126)  -(n=45) +(n=37) -(n=131) 1 n=109)  2(n=37) 3(n=22)

IR1
0 51(41.8) 15(30.6) 0.010 40(44.4)  25(31.2) 0.039 52(41.3) 14(31.1) 0.029 16(43.3) 48(36.6) 0.79  43(39.4) 16(43.3) 522.7) 0.11
1 51(41.8) 15(30.6) 36(40.0)  30(37.5) 52(41.3) 14(31.1) 13(35.1) 53(40.5) 46(42.2) 13(35.1) 7(31.8)
2 20(16.4) 19(38.8) 14(15.6)  25(31.2) 22(17.4) 17(37.8)-4 8(21.6) 30(22.9) 20(18.4) 8(21.6) 10(45.5)

IR2 : i
0 56(45.9) 21(42.9) 0.74 48(53.3)  28(35.0) 0.020 58(46.0) 19(42.2) 0.73 19(51.4) 56(42.7) 0.36  48(44.0) 19(51.4) 8(36.4) 0.52
1 66(54.1) 28(57.1) 42(46.7)  52(65.0) _68(54.0) 26(57.8) 18(48.6) 75(57.3) 61(56.0) 18(48.6) 14(63.6)

IR3 4 = 2y
0 13(10.7) 5(10.2) 1.0 10(11.1)  7(8.8) 0.80 13(10.3) % S5Ek1a) 1.0 | 5(13.5) 11(8.4) 0.35 9(8.3) 5(13.5) 2(9.1) 0.58
1 109(89.3) 44(89.8) 80(88.9)  73(91.2) 118(89.7)1 | 4@9_}* | 32686.5) 120(91.6) 100091.7)  32(86.5) 20090.9)

R4 1l m
0 99(81.1) 38(77.6) 0.67 72(80.0)  64(80.0) 1.0 103(81.8)| ﬂ 34675:6) 039" 30¢81.1) 104(79.4) 1 88(80.7) 30(81.1) 16(72.7) 0.66
1 23(18.9) 1122.4) 18(20.0)  16(20.0) 23(18.2)L - 1124.4) 7(18.9) 27(20.6) 21(19.3) 7(18.9) 6(27.3)

IRS oL
0 31(25.4) 5(10.2)  0.037 25(27.8)  10(12.5) 0.022 31(24:6) 5(11.1) 0.06.4(10.8) 30(22.9) 0.16 27(24.8) 4(10.8) 3(13.6) 0.17
1 91(74.6)  44(89.8) 65(72.2)  70(87.5) 95(75.4) 40(88.9) 33(89.2) 101(77.1) 82(75.2)  33(89.2) 19(86.4)

The IR interpretation system (IR1 to IR5) was illustrated in Table IV-3.

The abbreviations above were the same as those in Table IV-8.

All the P values were evaluated by Fisher’s exact test.
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Table IV-10. The histologic grade and ER, PR, HR, HER?2 statuses, composite types of

invasive breast carcinomas on steady-state thermography

Grade
I (n=18) II (n=72) I (n=38) P
mean age, years 57.3 (12.5) 52.7 (10.8) 54.4 (9.5) 0.25
(SD)
mean lesion size, 2.6 (1.6) 2.6 (1.8) 3.1(2.1) 0.39
cm (SD)
n (%) n (%) n (%)
Conventional
Imaging (n=112)
1 2(12.5) 4(6.4) 3(8.8) 0.32
2 2(12.5) 23(37.1) 9(26.5)
3 12(75.0) 35(56.5) 22(64.7)
ER+ (n=91) 18(100) 61(84.7) 12(31.6) <0.001
- (n=37) 0(0.0) 11(15.3) 26(68.4)
PR+ (n=68) 14(77.8) 44(61.1) 10(26.3) <0.001
- (n=60) 4(22.2) 28(38:9) 28(73.7)
HR+  (n=95) 18(100) 63(87.5) 14(36.8) <0.001
- (n=33) 0(0.0) 9(1275) 24(63.2)
HER2 + (n=27) 0(0.0) 1 15(20.8) 12(31.6) 0.014
- (n=101) 18(100) | ‘;WQ.Z) 26(68.4)
Comp 1 (n=80) 18(100) 52(72.2) 10(26.3) <0.001
2 (n=27) 0(0.0) L 15(20.8) 12(31.6)
3 (n=21) 0(0:0) : ‘ 5(.7.0) 16(42.1)

The histological grade was available in 128 invasive ductal carcinomas, and 112 of them had
conventional imaging (mammography, ultrasound) available for correlation. The
conventional imaging finding types (1, 2 and 3) are the same as those in Table IV-1.

The abbreviations are the same as those in Tables IV-8, 9.

The P values were evaluated by ANOVA test for age and lesion size, and by Fisher’s exact

test for conventional imaging, ER, PR, HR, HER2 and composite types.
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Table I'V-11. Steady-state thermographic findings and histologic grade of invasive

breast carcinomas

Grade *P
I (n=18) II (n=72) III (n=38)

IR1 0 8(44.5) 31(43.1) 9(23.7) 0.037
1 6(33.3) 32(44.4) 15(39.5)
2 4(22.2) 9(12.5) 14(36.8)

IR2 0 8(44.4) 33(45.8) 12(31.6) 0.34
1 10(55.6) 39(54.2) 26(68.4)

IR3 0 3(16.7) 6(8.3) 3(7.9) 0.53
1 15(83.3) 66(91.7) 35(92.1)

IR4 0 15(83.3) 59(81.9) 30(78.9) 0.95
1 3(16.7) 13(18.1) 8(21.1)

IRS 0 4(22.2) 15(20:8) 5(13.2) 0.63
1 14(77.8) 57(79.2) 33(86.8)

The histologic grade was available'for 128 invasive ductal-carcinomas. *Fisher’s

exact test.
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Table IV-12. Clinical and conventional imaging findings of women receiving dynamic

thermography of the breast

Basic Findings Benign Malignant P
Patient (lesion) number 29 (30) 24 (26)
Mean age, years (SD) 44.7 (9.9) 54.6 (10.7) <0.001
Mean lesion size, cm (SD) 1.9 (1.2) 2.8 (1.7) 0.025
n (%) n (%)
Conventional imaging”
1 16 (59.3) 4 (16.7) <0.001
2 0(0.0) 9(37.5)
3 11 (40.7) 11 (45.8)
Bra Cup size
AorB 18 (60.0) 16 (61.5) 1.0
C or above 12 (40.0) 10 (38.5)
Menopausal status :
Premenopausal 19+76.0) 3(16.7) <0.001
Postmenopausal 6 (2?0) 15(83.3)

" Conventional imaging findings: tﬂe ;deﬁrg}tion Qf types 142, 3 imaging findings was
the same as that in Tables IV—II, IV-4.The cdnventional imaging examinations of
5 lesions were not available;.and-thus leaving 51 lesions for analysis.

** Menopausal status: the women who were menopausal due to hysterectomy or
oophorectomy, or women who had recent history of hormone replacement
therapy or contraceptives in 6 months were excluded, and thus leaving 43 lesions

for analysis.
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Table IV-13. The BI-RADS® distribution for women receiving dynamic thermography

of the breast

BI-RADS"™" Benign Malignant P
(n=29)(%) (n=25)(%)
3 4 (13.8) 1 (4.0) <0.001
4A 13 (44.8) 1 (4.0)
4B 9 (31.0) 2 (8.0)
4C 3(10.3) 14(56.0)
5 0(0.0) 7(28.0)

" The BI-RADS® categories of 2 lesions were not available for analysis.

The definition of BI-RADS® categories was thersame as that in Table IV-2.
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Table IV-14. Descriptive and univariate analysis of the thermographic signs in dynamic thermography

Benign  Malignant P’ OR (95% CI) P Age-adjusted P
(n=30) (n=26) OR (95% CI)
dPreT
median 0.50 1.35 0.002 2.8 (1:4-5.6) 0.004 2.6 (1.2-5.5) 0.014
dPadjT :
median 0.50 1.50 0.038 1.7 (1.0:3.2) 0.07 1.7.(0.9-3.5) 0.11
tdPostmPreT ‘ :
median 0.42 1.48 0.047 1.2/(1.0-1.3) L. /0209 1.1 (1.0-1.3) 0.15
tdPostmPadjT d"" '
median 0.15 1.07 0.65 1.1(0.9-1.2) 0.57 1+ (0.9-1.3) 0.44

*Mann-Whitney U test.

OR: Odds ratio.

dPreT (°C): The temperature difference of the lesion site from the mirror image site in the contralateral breast on steady-state thermogrphy.
dPadjT (°C): The temperature difference of the lesion site from the normal adjacent breast tissue on steady-state thermogrphy.

tdPostmPreT (°C): ((The median value of the serial temperature difference between the lesion site and the contralateral mirror image site on

dynamic thermogrphy)-dPreT)x10.
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tdPostmPadjT (°C): ((The median value of the serial temperature difference between the lesion site and the normal adjacent breast tissue on

dynamic thermogrphy)-dPadjT)x10.
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Table IV-15. The correlation analysis of the diagnostic signs in dynamic thermography

dPreT (P) dPadjT (P) tdPostmPreT (P) tdPostmPadjT (P)
dPreT 1.0 0.73(<0.0001) 0.19 (0.16) 0.08 (0.58)
dPadjT 0.73 1.0 0:06 (0.64) -0.01 (0.94)
tdPostmPreT 0.19 0.06 1.0 0.22(0.10)
tdPostmPadjT 0.08 -0.01 0.22 1.0

The abbreviations were the same as those in Table [V-14. =

The values were presented as age-adjusted Spearman correlation coefﬁcients.
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Table IV-16. Basic characteristics in training and validated sets in dynamic

thermography
Training set Validated Set P
(n=37) (n=19)
Age (years)
Median 48 51 0.71
Lesion Size (cm)
Median 2.0 1.8 0.41
n(%) n(%)
Pathology
Benign 21(56.8) 9(47.4) 0.58
Malignant 16(43.2) 10(52.6)
Conventional imaging
1 12(36.4) 8(44.4) 0.93
2 6(18:2) 3(16.7)
3 15(45.5) 7(38.9)
BI-RADS"
3 A(14) 1(5.3) 0.15
4A 11(31.4) 3(15.8)
4B AP 7(36.8)
4C - X | pocse) | 7(36.8)
5 i 1(5.3)
Menopausal status
Pre- 17(58.6) 5(35.7) 0.20
Post- 12(41.4) 9(64.3)
Bra Cup size
AorB 24(64.9) 10(52.6) 0.40
C or above 13(35.1) 9(47.4)

The definitions of conventional imaging finding types, BI-RADS® categories’
menopausal status were the same as those in Tables V-1 and 1V-2.

The conventional imaging examinations of 5 lesions were not available, and thus
leaving 51 lesions for analysis.

Menopausal status: only 43 lesions for analysis.
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Table IV-17. Diagnostic performance of dynamic thermography

Model A Model B P
(age-dPreT) (age-dPreT-tdPostmPreT)
AUC
Training (n=37) 0.826 0.835
Validated (n=19) 0.744 0.744 1.0

95%ClI 0.512-0.978 0.514-0.975
Cutoff(1)

Sen(%) 100.0 (10/10) 100.0 (10/10)

Spe(%) 33.3(3/9) 33.3(3/9)

PPV(%) 62.5 (10/16) 62.5 (10/16)

NPV(%) 100.0 (3/3) 100.0 (3/3)

Acc(%) 684 (13/19) 68.4 (13/19)
Cutoff(2)

Sen(%) 50.045/10) 70.0.(7/10)

Spe(%) 100.0 (9/9) 778 (7/9)

PPV(%) 190.0 (§/3) Y sm 4 77.8 (7/9)

NPV(%) 64.3 (9/14) < 70.0 (7/10)

Acc(%) L | (f4/19) F 73.7(14/19)
Cutoff(3) 4 ||

Sen(%) 40.0 (4/10)

Spe(%) 100.0 (9/9)

PPV(%) 100.0 (4/4)

NPV(%) 60.0 (9/15)

Acc(%) 68.4 (13/19)

The diagnostic performance was estimated for the validated set (n=19).

Model A: containing age, dPreT as covariates.

Model B: containing age, dPreT, tdPostmPreT as covariates.

The abbreviations are the same as those in Tables IV-5 and IV-14.

The definition of cutoff(1), (2), (3) was the same as that in Table I'V-5.

*For the model A, the cutoff (2) and (3) were the same.
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Table I'V-18. Subgroup analysis of women receiving dynamic thermography

Benign Malignant P
Stratified by Size
<=2cm (n) 22 9
dPreT 0.35 1.30 0.09
dPadjT 0.50 0.90 0.53
tdPostmPreT 0.78 3.30 0.11
tdPostmPadjT 0.02 0.95 0.46
<=lcm (n) 10 5
dPreT 0.65 1.20 0.36
dPadjT 0.50 0.60 0.62
tdPostmPreT 0.92 6.09 0.050
tdPostmPad;T 0.98 0.95 0.71
Stratified by BI-RADS"
3, 4A, 4B (n) 26 4
dPreT 0.40 1.10 0.44
dPadjT 0550 0,25 0.38
tdPostmPreT kb TemE 5i1 0.11
tdPostmPadjT ofif M 0.51 0.76
3, 4A (n) i == || P
dPreT £5 41500 | 1:55 0.29
dPadjT 0.80 s 0.64
tdPostmPreT 0.68 6.76 0.024
tdPostmPad; T 0.21 0.51 1.0

The values of the thermographic signs were presented as median values.

The abbreviations are same as those in Table IV-14.
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Table IV-19. The lesion characteristics of breast cancer in women receiving dynamic thermography

ER PR HR HER2 Comp
+(n=21) -(n=5) +(n=17) -(0n=9) +(n=23) -(n=3) +(n=6) -(n=20) 1(n=19) 2(n=6) 3(n=1)
Age, years 54 57 50 55 55 51 49.5 55.5 55 49.5 64
median
Lesion size, 2.7 3.3 34 2.5 g, & 33 3.7 2.6 2.5 3.7 3.3
cm
median ‘
n (%) n (%) n (%) n (%) n (%) n (%) n-(%) n (%) n (%) n (%) n (%)
Conventional : -:,‘.
imaging’ | 7
1 2(11.1) 2(40.0) 1(6.7)  3(37.5)" 2(10.0) 2(66:7) L 2(33.3)  2(11.8)  2(12.5)  2(33.3) 0(0)
2 7(38.9) 1(20.0) 6(40.0) 2(25:0): -8(40.0) . 0(0.0)" 2¢33.3) 6(353) 6(37.5) 2(33.3) 0(0)
3 9(50.0) 2(40.0) 8(53.3) 3(37.5) “10(50.0) 1(33.3) 2(33.3)  9(52.9) 8(50.0) 2(33.3) 1(100)
Staging
0,1 8(38.1) 3(60.0) 7(41.2) 4(44.4) 9(39.1) 2(66.7) 3(50.0) 8(40.0) 8(42.1) 3(50.0) 0(0)
II 6(28.6) 1(20.0) 6(35.3) 1(11.1)  7(30.4) 0(0.0) 1(16.7)  6(30.0) 6(31.6) 1(16.7) 0(0)
I 7(33.3) 1(20.0) 4(23.5) 4@M444) 7(304) 1(33.3) 2(33.3) 6(30.0) 5(26.3) 2(33.3) 1(100)

The abbreviations are the same as those in Table IV-8.

The conventional imaging findings were missing for 3 lesions.
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The age, lesion size for ER, PR, HR, HER2 status were estimated by Mann-Whitney U-test, and for composite types by Kruskal-Wallis test. The

conventional imaging type, staging were estimated by Fischer’s Exact test. All the P values are non-significant (>0.05).
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Table IV-20. The association of thermographic signs with ER, PR, HR, HER2 statuses and composite types for breast cancer in patients

receiving dynamic thermography

ER P PR P HR P HER2 P Comp P

(n) +H21) -5) +(17) -9) +(23) -3) +(6) -(20) 1(19)  2(6) 3(D
dPreT ‘

median 1.30 2.00 0.06 1.40 1.30 0.94 1.30 1380 0.45 1.80  1.30 0.20 1.30 1.80 2.0 0.23
dPadjT

median 1.50 1.70 0.21 1.50 1.50 0.79 1.50 1.50 " 0.81 1.60  1.50 0.69 1.50 1.60 2.30 0.32
tdPostmPreT “ -:,_‘.

median 1.25 5.79 0.021 2.08 1.41 0.57 . 732 5.79 0.08 491  0.74 0.015 0.23 491 5.79 0.019
tdPostmPadjT “ .

median -0.42 3.24 0.13 0.45 -0.641 0.5:4 0.12 3.24 0.45 463 -0.53 0.033 -0.64 4.63 3.24 0.06

The abbreviations are the same as those in Table IV-14, IV-19.

The numbers in parentheses under the ER, PR, HR, HER2 and composite types indicate the numbers (n) of each molecular subtype.

96



Table IV-21. The histologic grade and ER, PR, HR, HER2, composite types of

invasive ductal carcinomas in women receiving dynamic thermography of the breast

Grade P
I+11 (n=18) 11 (n=4)
median age (years) 52 60 0.55
median lesion size 2.6 3.7 0.29
(cm)
n(%) n(%)
conventional
imaging (n=19)
1 2(13.3) 0(0) 1.0
2 5(33.3) 2(50.0)
3 8(53.3) 2(50.0)
ER+ (n=18) 16(88.9) 2(50.0) 0.14
- (n=4) 2(11:1) 2(50.0)
PR+ (n=15) 12(66.7) 3(75.0) 1.0
- (n=7) 6(33.3) 1(25.0)
HR+ (n=20) 17(94.4) 3(75.0) 0.34
- (n=2) 1(5.6) 1(25.0)
HER2 + (n=5) 3(16.7) 2(50.0) 0.21
- (n=17) 15(833) 2(50.0)
Comp type | F ‘
1 (n=16) 15(83.3). 1(25.0) 0.046
2 (n=5) % 1§06 | 2(50.0)
3 (n=1) 0(0) 2o 1(25.0)

The abbreviations are the same as Tables 1V-19,1V-20.
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Table IV-22. The association of thermographic signs and grades of invasive ductal

carcinomas in patients receiving dynamic thermography

P
I+1I (n=18) III (n=4)
dPreT 1.20 2.20 0.006
dPad;T 1.45 1.85 0.10
tdPostmPreT 1.48 3.72 0.50
tdPostmPadjT 0.28 2.95 0.31

The abbreviations are the same as those in Table [V-14.

The values of thermographic signs were presented as median values.
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Figures
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Figure 1. The presentation of breast thermographic signs (modified from Gautherie et
al., 1982 and Hobbins et al., 1983). (A) The dT (temperature difference): the
temperature of the lesion site (shaded area) minus that of the contralateral mirror

image site > 1°C.
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(B) The dT between the lesion site and the mean temperature of the adjacent area or
remaining area of the ipsilateral breast >1°C when there is suspicious finding

based on conventional imaging modalities (ultrasound or mammography).

dT

S

(C) The dT between the lesion site and the mean temperature of the adjacent area or

remaining area of the ipsilateral breast >3°C (screening case).
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dT
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(D) The dT between the mean temperature of the whole breast of the lesion side

(shaded area) and the whole breast temperature of the contralateral side >1.5°C.

(E) Focal bulging sign wi'ﬂ;_.:ﬂ:'a'c’k{h

'~5‘:’J ) TE (E}H.l ﬂ"
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(F) Focal edge sign with back heat (shaded area and arrows).
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G

(G) Abnormal vascular anarchy- inverted V sign.

(H) Abnormal Vasculaifhnarc
i

—
.

(I) Abnormal vascular sign- vascular completeness.



G

(J) Abnormal vascular sign- closed vessel (shaded area).

(L) Abnormal vascular anarchy- “Moa-moa’ sign.
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G

(M) Abnormal vascular sign- transverse vessel.

(N) Bifurcated or poin!'fé_d ves
o7

(O) Asymmetrical thermographic pattern.
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Figure 2. The thermogr:gpﬁlc achine. The computer fo magd:.gtorage and

processing (right) and 'rge‘t;}xe i aphi ] q&m@h (ATIR-M301
Thermographic Imaglngvﬂysﬁ_&n, i Technolo g?@o@oratlon Chongquing,
Sichuan, PROC). (The ﬁgﬁb@w@ff C

Biomedical Engineering, Natloﬂﬁc_]élwan Univ

DS %ﬁrﬂt@ospltal )
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284 patients scheduled for excisional biopsy|

—— [1 male]

— |7 had past history of breast surgery

A
276 women (298 lesions) for analysis|

Figure 3. Flow chart of subject enrollment for steady-state thermography of the breast.
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Figure 4. The ROC curves f6r the twd'r’nf)dels‘h, of ‘t‘he validated set (n=99) of lesions
from the patients receiving steady- state }ﬁniﬁography Gray ROC curve: from the
model containing covariates of age ltl ﬁv.i Hl{ 51gns (AUC 0.800). Black ROC curve:

d IR5as covarlates (AUC 0781). There is no
statistically significant dlfference bétWGen the two AUC (P=0.16).

from the model containing age, Ile
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Figure 5. A 63-year-old woman Wlth..-a‘gﬁade IH mvasive ductal carcinoma in the right
upper breast. This is a.case from Valﬁ ate@e‘t 'Eﬂ s&eady state thermography. (A). The
preoperative mammography of r1gh* reastin ML prOJectlon shows an irregular

mass in right upper breast (arrows), clusteted pleomorphic mlcrocalc1ﬁcat10ns are

noted in the mass. - ¢

(B). The corresponding breast ultrasound reveals an irregular, hypoechoic to anechoic
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mass with heterogeneous internal echogenicitiy in the right breast upper breast

(arrows).

I"IEI""'J ]

at tltc_re is focal asymmetric,
J d'ila,&d and tortuous
ﬁfﬁa% surface with back

abnormally increased ﬁ}rfﬁce empe € ated

vasculature at right upﬁr‘?yea and Ioci@lgi g of
heat at medial portion oﬂlhe\%@ ‘ i

IR1:2; IR2:1; IR3: 1; IR4: "%%{R{@ he predicted @ba&ﬁﬁtles from the model of

oH

age-IR1-IR5 and age-IR1 IRZ'fE@:%(f [R5 aré%.%gﬁ'é}ld 0.974, respectively.
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Figure 6. A 42-year-old woman w1th a[beplgp lgsmn (fibrocystic change verified by

surgical pathology) in right breas& This is a case from the validated set of steady-state
=] i g

thermography. (A). The preoperittw ast mhows an irregular, indistinct
hypoechoic, non- parallel ortent ss in rlght pper inner quadrant (arrows).

(B). The corresponding steady-state thermography shows that there is no definite
focal abnormalities. The predicted probabilities from the models of age-IR1-IR5 and
age-IR1-IR2-IR3-IR4-IRS5 are 0.168 and 0.104, respectively.
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Figure 7. The distribution of IR1-scores.in-different composite types in malignant
lesions from patients receiving steéady-state thermography..Comp: composite types.
Type 1: HR-positive but HER2-negativey type 2: HER2-positive; type 3:
triple-negative. (A). The ttiple-negative breast‘cancers tend to show higher proportion

of higher IR1 scores when compared with ype 1/ and'2 lesiens. P=0.029.
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(B). The triple-negative breast cancers are prone to show higher proportion of higher
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IR1 scores when compared with type 1 lesions. P=0.028.

111



(] IR2 score=0
80 - M IR2 score=1

70
60 r

IR2%

40 1
30 ¢

o I I IV Staging

Figure 8. The distribution of IR2 score:in different clinical staging in malignant
lesions from patients receiving steady-steady thermography of the breast. The earlier
staged breast cancers (stage 0, I) tend-te,show lower [R2'score when compared with

higher staged (stage 1L and above) cancers=P=0.008.
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59 women (63 lesions)

Excluding 6 women (7 lesions) due to
severe motion artifacts during the procedure

¥

53 women (56 lesions) for analysis

Figure 9. The enrollment of the lesions from patients receiving dynamic
thermography of the breast.

LT IET (]

Q_}E‘?'

A

113



(B). The representative dynamic thermographic image shows the ROI of the right

breast lesion (arrow) and the contralateral mirror image site (double thin arrows).

114



T Lesion site (right)
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(D). The steady-state thermography shows the ROI of lesion site (arrow) and that of

the normal breast tissue in the adjacent area of the same breast (double thin arrows).
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(E). The representative dynamic the ¥
breast lesion (arrow) andﬁ%" noé

arrows). % J:ﬁﬁ.

L=
C Lesion site
R ! ! ! !

33.7
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Time

i 63 Adjacent area

i i i
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(F). The serial temperature change versus time in 5 minutes of the lesion site (upper

panel) and normal breast tissue in the adjacent area (lower panel) are shown.
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Figure 14. The dotplot distribution of diagnostic signs of dynamic thermography in
malignant lesions with different'melecular subtypes: (A). The ER-negative cancers

tend to show higher tdPostmPreT values compatred with ER=positive cancers.
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(B). The HER2-positive cancers are prone to have higher tdPostmPreT values than
HER2-negative cancers. P=0.015.
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