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(HZE] BS5H8: FRIBERFEAMEAR S BOT B E BRI BT PR R W ARF5E B 7RSS A LI 2= R AR )
RETEtRIR A A R, R ARG B 1E T RS R AREL 6 F--1 (thyroid transcription factor-1, TTF-1) FIECX &4
T8 (paired box 8, PAX-8) IMLIEAT-HIZEML, 43Hr Al FFIR B S5 IR 103 KT i AR Ak 5 FLIR A5 T IS H 3 HDIR
BRTIfE S8 A Gk . 75k ARG MR IR I I A8 38 2 6 2 G A 55 LN R B B B 43 5 0T 7 B8R 20224F 1 7 —20224F6 1
TR ITCH R IR BN St B AR AR R 2 07 e B, 3 IR o8RO B oy B 4 . I R A Rk e s
HHFRNE, IFEERAN R ET . AR EITHED T I ac R B 2= BB 55 U RS BE 20 43 B AR 31 22 B 23 i e 3t
HAr (At RA2021-KY-2) o Al S ALLRF BT . BOTERET . BT A HE6 . 12812440 F PR FCR ARG S A
F (TTF-1, PAX-8) RYIMTEKF . 1L B ARIR I RESS bRk A4 28, dh = HDIR IR E R, ( triiodothyronine, T3) . P
WLHR IR R 2R (tetraiodothyronine, T4) . WEE —MLHVIRARIRZRR ( free triiodothyronine, FT3) . i DUl IR IR R4
2 (free tetraiodothyronine, FT4) . f2HARARIHZE (thyroid stimulating hormone, TSH) . HURER EALYBENTAR ( thyroid
peroxidase antibody, TPO-Ab) o AHFSE™#E0E Rt rhssshgEp s e i ) femh & UikH ., &% 180
B AL (RA454001 ) o PIALRF A 1961 & E FURIRThREDGR , FLrh 8y b IXEFHO P A 156, o8y b IXEFoT 44
] (P=0.004) . PIALEEHOTRIMIFTTE-1 [5.70 (5.11, 7.13) vs 6.68 (5.15, 7.57) , P=0.296] . PAX-8 (5.26+1.01
vs 5.66+1.37, P=0.149 ) /K-SR TG Lo HP i b B F A A TTE-1. PAX-8/Y LS Kl (A2 O 45 9
B2 A NBHTHE ;. MBI B XTI TTE-1, PAX-SHY LT K AE R 745 o5 (19244 H NG A8k . PRELE Y
TTE- 1A ML G AE RO T 45 R G 6 H [ 6.99 (4.73, 13.94) vs 5.79 (5.01, 6.28) , P=0.049] . 121H [7.65 (5.02,

17.85) vs 5.43 (4.52, 6.22) , P=0.005 | MZEFHEFFE L PAX-8HIMERMELE YT R 121 H [6.79 (4.86,

14.30) vs 5.81 (4.70, 7.25) , P=0.042 ] MEFAGI#E Lo DBHE & X BOTA TTF-1 0L & PAX-834 B I T & (1 ik
ST AU 124 7 BRI SV E A S5 80, KA I (B 340 0 J8 3 SO VR % SR R s i, IR F34ME
FE SR HUR BRI SR IR WA, L W2 o HUIR BRI R & A S LR 255, IRt is b IX B0 41 -3 TTF-1/
PAX-8FH15 -5 HUR BRSO R & Ak AR ICTE, 4550 BRI AL A R AR D e AR & AR R B T IR A (4251°065.0%
vs 10.0%. 60.0% vs 15%, P=0.001, P=0.008 ) . Z KR4I MR FLIE ARG FIXEPCT45 05 120 H B TTF-1/
PAX-8 T 5 HUR IR S REIE (19 & A S IEAHSE (OR=9.702. OR=3.930, P=0.020. P=0.046) . %it: FLWIEAIG T
SR R IR D e S BRI FUR MR T 8RR s FLIME ARG BE b XA W3 R0 R FR R T REGR (1) & A%

AEFLRIE A S B b DXEFRT 5 R BR D ResaR i B, FAR R 5% I TTF- LFIPAX-8 1 I i 7K P b 2 H e
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Cohort study on correlation between serum TTF-1, PAX-8 and thyroid dysfunction after breast cancer post-

EETA: Bl XAWIE (HLM202114) .

§—1E#: Bk Wl (ORCID: 0009-0007-2774-7314) , FAREEIN, iEAcii A B A B b 55 L R BE B B0 43 Be ity PR 4T o

WAEIEE : TEAL (ORCID: 0009-0000-3808-9125) , FATBEIN, [ A8 A2 5 2 e s 465 U RS g 3T 43 Be FLIR MR 4T, E-mail:
wangcheng729@qq.com,



(¥ DZEAERE) 202453455121 1101

operative radiation therapy CHEN Gang', ZHANG Shunkang', GUO Shaowen’, LU Yue', SUN Liyun', SHEN Lei',
WANG Cheng’ (1. Department of Radiation Oncology, Shanghai Ninth People’s Hospital Huangpu Branch, Shanghai
Jiao Tong University School of Medicine, Shanghai 200011, China; 2. Department of Central Laboratory, Shanghai
Ninth People’s Hospital Huangpu Branch, Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China;
3. Department of Breast Surgery, Shanghai Jiao Tong University Medical School Affiliated Ninth People’s Hospital
Huangpu Branch, Shanghai 200011, China)
Correspondence to: WANG Cheng E-mail: wangcheng729@qq.com

[ Abstract | Background and purpose: Thyroid dysfunction can frequently be discovered in breast cancer patients during long-
term follow-up after receiving post-operative radiation therapy (PORT). This study aimed to compare serum levels of thyroid
transcription factors (TTFs) TTF-1 and paired box 8 (PAX-8) before and after PORT in breast cancer patients, combined with the
results of serological thyroid indicators tests, and to analyze the relationship between the changes in serum levels of these two kinds
of TTFs and thyroid dysfunction after breast cancer PORT. Methods: Female breast cancer patients without thyroid disease records
who received PORT in Department of Radiation Oncology, Shanghai Ninth People’s Hospital Huangpu Branch, Shanghai Jiao Tong
University School of Medicine from Jan. 2022 to Jun. 2022 were prospectively selected, and were divided into two groups according
to being with or without supraclavicular radiation field. All the patients had given informed consent before joining the study. The
study design was approved by the ethic committee of our hospital (Ethic Approval No. 2021-KY-2). Serum levels of TTF-1 and PAX-
8, serological thyroid indicators [ triiodothyronine (T3), tetraiodothyronine (T4), free triiodothyronine (FT3), free tetraiodothyronine
(FT4), thyroid stimulating hormone (TSH) and thyroid peroxidase antibody (TPO-Ab) | were recorded before PORT, at the end
of PORT, 6, 12 and 24 months after the end of PORT, respectively. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist was followed for this study. Results: Eighty patients were enrolled in this study (40 in each
group). A total of 19 patients who had hypothyroidism were divided in two groups, 15 in supraclavicular field group (SC group) and
4 in non-supraclavicular field group (NSC group), respectively (P=0.004). Levels of TTF-1 [ 5.70 (5.11, 7.13) vs 6.68 (5.15, 7.57),
P=0.296 ] and PAX-8 (5.26£1.01 vs 5.66::1.37, P=0.149) did not show statistically significant deference between two groups before
PORT. In SC group, levels of TTF-1 and PAX-8 gradually rose in 12 months after the end of PORT. In NCS group, levels of TTF-
1 and PAX-8 did not change significantly during 24 months after the end of PORT. Test results of serum TTF-1 between two groups
were statistically different at 6 months [ 6.99 (4.73, 13.94) vs 5.79 (5.01, 6.28), P=0.049 ] , 12 months [ 7.65 (5.02, 17.85) vs 5.43
(4.52, 6.22), P=0.005 ] after the end of PORT, while test results of serum PAX-8 between two groups were statistically different at
12 months [ 6.79 (4.86, 14.30) vs 5.81 (4.70,7.25), P=0.042 ] after the end of PORT. The median values of TTF-1 and PAX-8 test
results at 12 months after the end of PORT in SC group which were both significantly higher compared with NSC group were selected
as the referent thresholds. Patients in SC group whose test results were higher than referent thresholds were defined as TTF-1/PAX-
8 elevating subgroups, and patients whose test results under the threshold defined as TTF-1/PAX-8 normal subgroups. The incidences
of hypothyroidism were higher in elevation subgroups than in normal subgroups (65.0% vs 10.0%, 60.0% vs 15.0%, respectively,
P=0.001, P=0.008, respectively). Positive correlations were observed between the elevation of TTF-1/PAX-8 at 12 months after
the end of PORT and hypothyroidism after breast cancer supraclavicular field radiation (OR=9.702, 3.930, and P=0.020, 0.046,
respectively) according to multivariate analysis. Conclusion: Thyroid dysfunction after breast cancer PORT was mainly manifested
with hypothyroidism; supraclavicular field radiation may significantly increase the incidence of hypothyroidism; serum levels of
TTF-1 and PAX-8 elevated obviously in breast cancer PORT patients who had hypothyroidism after receiving supraclavicular field
radiation.

[ Key words ] Breast cancer; Radiation therapy; Supraclavicular field; Thyroid transcription factor; Thyroid dysfunction
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M, Iz EmIRE S NS EN ., HATmIR L&
LI A 1 T PR R ) R A ok WL EE HOIR A i)
e q, 1 F R BRI sie PRl A 4% DR R e i A
+1 (thyroid transcription factor 1, TTF-1) FIfC
Xt &5 K18 (paired box 8, PAX-8) , 7EH
RIS BT RE B S e v b B BB ) . |
SR O AT S 0 PRSI 10355 H R AR 2 Sk PR 7P AR
A Sy R B A e 268 M S8 3 T s e Bt U i
50 AT RR IR SN TAE RO T R &
ARHREIBE S O AH SCHEFS AT e DA
A FEAIE o B FL R I R IS IO R

J7 R L3 5 R IR L Sk I 7 (TTF-1. PAX-
8) KIS, 256 I yE H R IR D) BE 48 b 1 A2
b, EFE = HR IR IR 2R ( triiodothyronine,
T3) . PUBLHURAREZ PR ( tetraiodothyronine,
T4) . Wreg = RBIEEAR (free
triiodothyronine, FT3) | ¥iF 5 POl HIR Bt i 2 R

( free tetraiodothyronine, FT4) . {ZHRARILER

( thyroid stimulating hormone, TSH) . HUARAR
A ALYIEEHTIAR (thyroid peroxidase antibody,
TPO-Ab) , 37 s 2 AR s R 284k 5
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St T T AR
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HENEIT BRI s & SEEAR AR P 2H
( Eastern Cooperative Oncology Group, ECOG )
WIr0~1. HFRPREGLLS . O BoTETA R AR
i @ BEAEA SRR YL, O MRk
H AN RS s @ T RTAR SE U S TR B AT
T IR R 4k S e kST ;s & ECOGIF4r =2,
N A i IR0 7 B X A AL G i B IX
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JreH (SC4L) SIEsly XYY (NSCH) .
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HEER A (Hb . 18H72021-KY-2) .
1.2 S5 EREXMBREBEAE, LAFER
apdians

FCT R B AR 4 2010/ 35 E M 07 M EL
( Radiation Therapy Oncology Group, RTOG )
FLAR I BT R X AR i e T | L S R T4
B EELX . IEE S E LR A, R I
( planned target volume, PTV) [, FHHIGK
HBIX ( clinical target volume, CTV ) [ 457N
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RS ARG IX
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FEALINABEFR IS0 pL, 25 LR, PR
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P AL 5y BIHE RGBT S5
LERE6 . 1281240 F i 2s BB 3 mLIFHE bk
i, 4 000 r/min®.(>10 min, BUMIELE3 C FF
17, MFRBEATIRIRR G I N 2 e 25 HR IR 2
For IR B A T R AR T BEAGIN
1.5 ZitzFabiE

XoF R ZEL RE 3 R HEER 2 57 DR -0 e 5 s A 7
IESHER IR 25 WA, A IEST0,
WILL (x+s) FR, HRBIRIE TS FEAR ok 50

( 72555 ) BANOVARRIKZE Iy 25041 (AR
%) 5 WA, MR, P LM
(Pys, Prs) | Fn, dAMEBARIEL T A Mann-
Whitney U, FHAf R IR Sk 22 40§00
DIVAR b i e 2 B B 0 I E I S, & IE
WAHEFEH, 5HRHR TR (Chi square
test ) T 2R A RAGHAKEE: ( Fisher test) #E1THLRIER
G3MT, SR ZJtlogisticlnl A 43 Hridk #E4 T 2 K 3 4
B, TR DR AR it PR 728 A 5 LIRS i
7 5 A HUIR R DD e S8 A AH etE . P<<0.05° 2%
SAGT AR AFFERHAT SPSS 26,014 4
4i1t, KA Graphpad Prism 9 #F4 714

F1 MFETTF-15PAX-8ilig & SiXFIMEXER

Tab.1 Information on applications and reagents used for testying serum TTF-1 and PAX-8

Applications and reagents

Manufacturer (brand)

Model number (lot number)

PAX-8 reagent Proteintech 10336-1-AP

TTF-1 reagent Proteintech 21777-1-AP

Microplate reader Biotek HIM

HRP color reagent kit PERFEMIKER PM11239

HRP seondary antibodies Proteintech PR30011

ELISA plate YEASEN 83650ES03

50.3% . 80 £ (I RGERF A 19 150 WL 22
2 4 R 22 WMYTEHRRKBRIGERENRERRL
i 7 0 1) He A5 193] B o kA HE IR R 2 B ik

21 NABRERKREE B, ERKR AR R21.3%, H 10l R EA 92

BN ATHEPR AR LI 1. ASAIF T 48
ASOBIFF A AL &R B, Hrpscdl4ofi,
NSCZH40%] . 8011 3 ¥4 5¢ BUUIT J& 24F 1) it
i SOWIEEFIRIEF21~76% ; Hrh, SCIT4H
BEAEIRTEE . 29~75%, FIAERS3.7%
NSCA B FFIVER . 32~71%, FHFER

Breast cancer patients candided for PORT (n=109)

ez JERI ., AT REBAIAYT S eIk 2%
fife, FHAY18BILF I A TSHF 5 PE A FOIR iR
BRI AR . Hoh SCHL & £k R R Th BE s
B150, RAEFRN3TS%, HIG R ELER T4
JR6 A, 1261 & TR E 121 H 5 NSC
HAEMI, KHRN10%, HA36) & L E s

\ 4

Included in analysis (n=280)

Y

Excluded (n=29)
 Thyroid disease history before PORT (n=18)
» Neck surgery history but not for thyroid disease before PORT (n=2)
* Distant metastasis occurred before/during PORT and follow-up
period (n=2)
* Adjuvant chemotherapy unfinished (n=5)
* ECOG status=2 (n=2)

Bl NABEMNRARREE

Fig. 1 Flow chart of patients’ inclusion and exclusion procedure

PORT: Post-operative radiation therapy.
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wWiEe ™A, 1Pl kEERITFERIE1240H ., SC
2 HUR IR D REGE & AR R I 3 = TNSCY] (P=
0.0004, %3, 4) .

&2 8OBINABEMIGKRIFES 1S

Tab. 2 Clinical characteristics distribution of 80 patients enrolled

(n)
Grou SCgmup  NSC grop
Age range/year 29-75 32-71
Patients underwent BCS 16 40

Patients underwent mastectomy surgery 24 0

T, 25 40

Ty, 15 0

No 0 40

Ni; 40 0

ER positive 32 28

ER negative 8 12

PR positive 25 22

PR negative 15 18

HER?2 positive 28 13

HER?2 negative 12 27

BCS: Breast conserving surgery.

R3 MHBRERRBIIELEEZERRERANSITER

Tab. 3 Statistics on abnormal results of thyroid function tests in

two groups
Item SC group (n=40) NSC group (n=40)
T3 decreased 3 1
T4 decreased 4 2
FT3 decreased 2 0
FT4 decreased 8 1
TSH increased 15 4
TPO-Ab increased 13 2

2.3 WiIraiEmERRBERBEFTTIF-1,
PAX-8HIZZ L IE M

PR 2H A8 1 PR 2R s R R B 1 e 1145
RN, TTF-1045 B Bek B Y w534
MPAX-8M R MMEZE BT AT (7 22457 ) ik
SPEEIREE (Jr 255 ) MIERS M, HAME
TR o BT IR, P NG TTE-1
[5.70 (5.11, 7.13) vs 6.68 (5.15, 7.57) , P=

0.296] . PAX-8 (5.26%1.01 vs 5.66+1.37, P=
0.149) KFPZERIEGITE L. HpSscA i
TTF-1. PAX-8AY I R il 7E 7 5 #9120 A
N H LTS R, RO IR 240 H SXGE
FEAR RO AT A9 ZKF 5 INSCZLTTF-1, PAX-8
) XL 375 RSB ST J i 244 A I JE I S AR 1k

PR AL A TTE- 1A I3 R A AE 07 I 64 H
[6.99 (4.73, 13.94) vs 5.79 (5.01, 6.28) ,

P=0.049] . 124H [7.65 (5.02, 17.85) vs
5.43 (4.52, 6.22) , P=0.005] =S HE T
22T o PAX-S YIS A B AN AE BT I 124 H
[6.79 (4.86, 14.30) vs 5.81 (4.70, 7.25) , P=
0.042 | MZEFAGITFEN (RS, K2, 3) .

F4 FWABERRBEBRLZERRMLRER
Tab.4 Comparison result of hypothyroidism between two groups

of patients

Hypothyroidism

Group P value
Yes No

SC 15 25 0.000 4”

NSC 4 36

": Testing results from Fisher test.

2.4 BHRBEFEFTHERS FIREIEE
ERHEXMES
PISCZHTTF-1L) M2 PAX-834 01 & Tt 5 B ity
SO 120 H R O 5 S5 M,
e I 3 P A E R SR TR ], AR IE
ESCHIEH WA XFSCLH Hr 4010 B iy BRI
DIREIaR 15 0L 5 B AE Yy (# IO AEI53.7%
S ) . FARATX (RILFA vs RG
AK) . TTE-1 (FHEWA vs IEH W4 ) . PAX-8
(TR vs IEH WAL ) 548 5 A A T
PN E T, G5 o, TTF-1/PAX-8THE 20
FFBR R T RE VR 119 2 A B 49 B 8 i 1 IE 4
(53 91°65.0% vs 10.0% . 60.0% vs 15%, P=
0.001, P=0.008) . M4 (P=0.673) . FAR
I (P=0.715) Sradla)ny IR AR D g sl & AE
MR TSI E L. E— X TTF-1/PAX-8
Tl i 5 HUR IR D REIGR A S R R4 T 22 B 2R 4 #
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ZER IR, TTF-1715 . PAX-8TFE A (OR=
9.702. OR=3.930, P=0.020. P=0.046) , &
INFUIEA TG B RO TS5 R 5 120 H U TTE-1/

PAX-8T 1555 HUAR i S REIRGR 14 4 A= A7 W8 4 1
RN (%6, KEl4) .

R5 WHBHMMBTTF-1/PAX-81ill4E RAT L%
Tab.5 Comparison of testing results of serum TTF-1/PAX-8 between two groups

TTF-1 (unit: pg/10 pL)

PAX-8 (unit: pg/10 pL)

frem SC group NSC group Pvalue”  SC group NSC group P value’
Before PORT 5.70(5.11, 7.13) 6.68(5.15,7.57)  0.296 5.26+1.01 5.66+1.37 0.149"
At the end of PORT 6.37(5.26, 8.64) 6.01(5.26, 6.60)  0.181 528+1.24 5.76+1.40 0.105"
6 months after the end of PORT 6.99(4.73,13.94)  5.79(5.01,6.28)  0.049 5.45(4.69, 8.37) 6.52(4.45,7.74)  0.665
12 months after the end of PORT 7.65(5.02,17.85)  5.43(4.52,6.22)  0.005 6.79(4.86, 14.30) 5.81(4.70,7.25)  0.042°
24 months after the end of PORT 6.22(4.84, 9.00) 5.34(4.88,5.86)  0.108 5.22(4.78, 6.40) 5.77(4.36,6.84)  0.900°

PORT: Post-operative radiation therapy. ": Testing results from indepent-samples Mann Whitney U test. *: Testing results from indepent-samples ¢ test.

“: Testing results from one-way ANOVA test.

Change of serum levels of TTF-1 in two group of patients

- B SC group
mNSC group

[33
(=]

—_
W
T

w
T

Atthe end 6 months 12 months 24 months
of RORT after RORTafter RORT after RORT

Before
RORT

Serum level of TTF-1 (unit:pg/10 pL)
)

B2 WHEBEMFTTF-1ELERALEE
Fig.2 Comparison of Change of serum TTF-1 between two groups

PORT: Post-operative radiation therapy.

Change of serum levels of PAX-8 in two group of patients

B SC group
mNSC group

53
(=]
1

—_
W
T

w
T

At the end 6 months 12 months 24 months
of RORT after RORTafter RORT after RORT

Before
RORT

Serum level of PAX-8 (unit:pg/10 pL)
)

B3 WABEMEPAX-8TLIFRA L
Fig.3 Comparison of the changes of serum PAX-8 between two
groups

PORT: Post-operative radiation therapy.

%6 SCHBEHRREMEEBREERH. KX, TTF-1. PAX-8
GEES e ENSE S i)
Tab. 6 Univariate analysis on relationship between age, operation

style, TTF-1, PAX-8 and hypothyroidism in SC group patients

Hypothyroidism
Item P value
Yes No
Agelyear 0.673"
<54 5 10
>54 10 15
Operation style 0.715*
BCS 3 7
MRM 12 18
TTF-1 0.001°
Increased 13 7
Normal 2 18
PAX-8 0.008"
Increased 12 8
Normal 3 17

BCS: Breast conserving surgery; MRM: Modified radical mastectomy;
" Testing result from Pearson Chi-square test. : Testing results from
Fisher test.
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Binomial logistic regression analysis on the relationship between the
relevation of TIF-1/PAX-8 and the risk of hypothyroidism

Elevation of TTF-1 |!

Elevation of PAX-8 [H——

0 20 40 60 80

OR
OR 95% CI P
9.702 (1.839-65.394) 0.020
3.930 (1.477-17.993) 0.046
El4 SCABRERRBRMEERMEBSTTF-1/PAX-8FEMHEXES
S

Fig. 4 Multivariate analysis on relationship between the elevation

of TTF-1/PAX-8 and hypothyroidism in SC group patients

HURBRGAR B A A . R S N DI RE Y 7AE
WAHBEEIWIKR, X 5EUE RN ARA —E 1
MIXHE, ABETT O G BN 5 AR B
A LR BN IEEEEOR N T, NI RER AL
SIRARBR I A E A VIR AR, HARIREER 21k
5 WERCER 32 A 2 A R TR AL IR PP 91 A1
ORI, A AT R AN A A o R R RE
FAAEARUA (R S5 i, L i J s e
Az FAR I 728 77 T R 98 BAT B ) 2 S

FUBREARIR O AR TR 2T Bz
—, FESR LR R R SR B B A AT
Ol PR EE R, RGP AR AA R
JO7AN R GRE Gt AR SR H IR T AR R, A
HORBRZHRE GOS0 1) 5 3 LA HROR R 2 R
B FERI . TS HUIR R 7 L] 2
AT @ B R SR IR IR AU DN A BE (Y B
HeAii s ) S E 0T HUR MR AR SC A8 9 B 4
it s B HSNAYT SRR H SR (245
FEL T A S X PR IR ZEL RN ] BRI 1) 7= R
FUARIRBTARIG 22, 5 R R0 A B S S
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