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Abstract

Background and Aims: The incidence of thyroid cancer is growing rapidly. Long-term endocrine
suppression therapy after surgery for papillary thyroid carcinoma (PTC) is an important measure to
reduce disease recurrence. However, multiple outpatient clinic visits of patients significantly increase the
medical burden and costs, and different physicians may have different standards for drug dose
adjustment. Therefore, an assistant medication dispensing system is needed to facilitate accurate dose
adjustment in clinical settings. In this study, the authors independently developed and designed a
specialized intelligent dose adjustment assistant system for postoperative endocrine suppression therapy,
so as to facilitate and simplify the dose adjustment process in clinical practice.

Methods: According to the principle and related guidelines of thyroid stimulating hormone (TSH)
suppression therapy, the medication adjustment goals and detailed rules of TSH suppression therapy
were established, and were coded into computer language to build a dose adjustment software system
combined with network server, and clients' and users' terminals. The patients who received TSH
suppression therapy after surgery for PTC at the outpatient clinic from February 2021 to January 2022
were enrolled, and were categorized according to the postoperative time as initial treatment stage
(<1 year) and follow-up stage (=1 year). The general data were collected when the patients entered the
study, which included gender, age, body mass index (BMI), scope of surgery and recurrence risk
stratification, and the parameters were recorded during dose adjustment, which included the time of
postoperative reexamination, the indexes of thyroid function, the number of cases with hyperthyroidism
or hypothyroidism related symptoms, and the number of cases with good control (the TSH value was
within the target range). The program of the intelligent dose adjustment assistant system included two
computer-aided adjustments following the record of the results of the physician's adjustment. First of all,
according to the parameters recorded when the patients entered the study, a new medication plan was
automatically generated by the system, and the patients received levothyroxine treatment according to
the new scheme until the second reexamination. In the second reexamination, the new parameters
produced after dose adjustment were recorded, and a new medication scheme was generated again by the
system, the patients were continuously treated with levothyroxine according to the second new scheme
until the third reexamination, and the new parameters produced after medication adjustment were
recorded at the end of the follow-up. The control rates of TSH level and other relevant clinical variables
between the results of two system adjustments and the results of physician's adjustment before system
adjustment were compared and analyzed.

Results: A total of 99 patients in initial treatment stage were included, 2 cases (2.0%) were lost to

follow-up, and 97 cases completed dose adjustment follow-up. The control rates of TSH level of the two
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system adjustments were higher than that of the physician's adjustment (57.7% vs. 34.0%, P=0.001;
63.9% vs. 34.0%, P <0.001). There was no significant difference in the incidence of symptoms related to
hyperthyroidism or hypothyroidism (P=0.791, P=0.267). A total of 50 patients in follow-up stage were
included, and all of them completed dose adjustment follow-up. There was no significant difference in
the control rate of TSH level between the first system adjustment and physician's adjustment (50.0% vs.
36.0%, P=0.143), but the control rate of TSH level of the second system adjustment was higher than that
of physician's adjustment (66.0% vs. 36.0%, P=0.007). There was no significant difference in the
incidence of symptoms related to hyperthyroidism or hypothyroidism (P=0.180, P=0.180). The results of
subgroup analysis stratified by sex, BMI, scope of surgery and recurrence risk were generally consistent
with the results of overall analysis. There were no statistical differences in control rates of TSH by
physician's adjustment and two system adjustments between patients in initial treatment stage and follow-
up stage (all P>0.05).

Conclusion: In the process of endocrine suppression therapy after surgery for PTC, compared with
physician's adjustment, the intelligent dose adjustment assistant system has considerable safety and
higher control rates of TSH level, and can better assist clinicians to accurately adjust levothyroxine dose
in PTC patients after surgery. However, large sample-sized, multicenter and prospective studies are still
needed to further verify the above conclusion.

Thyroid Neoplasms; Carcinoma, Papillary; Endocrine Suppression Therapy; Intelligent Medication Adjustment Sys-

tem
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Flowchart of patient participation in adjuvant

Figure 1
medicine regulation system
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Table 1 Recurrence risk stratification of patients undergoing TSH suppression therapy after operation for PTC

KA F5 A LT AE— 203 (1) PYC (R LAR A 25 ) < JC IR e b2 % 5 07 A 1AL M W7 DL 1 3 29 0 D0 3k 5 R0 T8 A 1 A0 Jm 0 Xk
0 2H S 2 5 g AR AR M 2 2 S CAn ey 2R IR B BT AR RRR A M) 5 N 24T PIVATT VRIS A 1 UK A By U kAt
FEICRAD 4, 75 FUIRBR RSN EAT WU AL L TO LA R AC 5 7 BEBUFEBE <5 MRS IR L 45 (B K42 <0.2 em) 5(2) R A ELZE R 38
RS PTC 5 (3) Mo 43 Ak B A i B3, A A AR A0 , TE s ik (<4 4 I8 AL 5 (4) BRI FL SR (<1 em) , BkE 208, &

BRAFV600E 545 (Ui S 2. )

PG 754 L FAE— 4% () 8 T IR EILRERAL; (2 PIAT RS 1 4 S RALEH , 50 & R s 1 ; (3) (2 Ml 41 2%
2T (40 1 40 MR R ET AR IR AT M) 5 (4) FLSOIR R £ A IR 5 (5) Wk B4 BE RS >S5 ML, HLT A 2 Btk B A i K AR
<3 em; (6) Z 4L SR BUE FEA ETE F1 BRAFV60OE 2875 (5 2 9 )

PTG FEE LU AR — 43 - (1) PHR AT UL Ihseg (2 S0 1 SR 3 20 40 CTAL IR BFOIR IR R AMR AL ) 5 (2) B VTSR AN TR 5 (3) 1 AR HE RS 5 (4) AR 13 R
ARHREREE A (thyroglobulin , T ) I & & /R B AL 85 ; (5) AT B — ML Ik L 45 i K A% =3 em; (6) IELH M A ARAL )12 (>4 41)

®2 PTCAREHEH TSHIMF BFREE (mU/L)
Table 2 The target range of TSH suppression for PTC patients in postoperative initial treatment stage (mU/L)

<0.03 0.03~<0.1 0.1~<0.5 0.1~<0.5 0.5~2 0.5~2 >2~<4.5 >4.5

®3 PTCEREARBEERARKRS R

Table 3 Risk stratification of adverse effects in PTC patients after operation

fifad

el FFE LA AT — 2535 (1) B4R (560 4 ) 5(2) 45 FRBAME (LHEEE4T)

FEAr LU AR — A0+ (1) 15 RO IR (A 7 B0, 0 DR REAS 4 1Nt LA 00 808 LU LA L) s oA 58 5 (2) B 1 i
W DI RE N 4 75 A 0 1 S D) e S 4 (PR HR B9 W] S i 7K 5 Child-Pugh 432427 43) BEE 19 ¥ DI REAS 42 (/) Bk
i #<60 mL/min) 5 (3) H1XUS BBEAE

PG LU AE— 45014 (1) 45285(2) 0o gliid 35 (3) -ty

el

®4 PTCEEARGHEIH TSHIF B4REE (mU/L)
Table 4 The target range of TSH suppression for PTC patients in postoperative follow-up stage (mU/L)

1%fe 0.03~<0.1 0.03~<0.1 0.1~<0.5 0.5~2
e 0.03~<0.1 0.1~<0.5 0.5~2 0.5~2
e 0.1~<0.5 0.5~2 0.5~2 0.5~2

T BRARAR A FARE FEIAA2E 12.5 pg 76 HURIR R0 05 A2 R G5 ARMEE L) 2k 2
Note: A difference of 12.5 g levothyroxine dose between every two adjacent target range, and identity of the range of high and low values of the

intelligent dose adjustment assistant system with table 2
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Flow chart of the design process of the dose

Figure 2

adjustment system
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Illustration of the framework of the dose

Figure 3

adjustment system
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K H x* i 49 5% Fisher £ U] #E %8 7% 50 McNemar's £ 55
Kr o6, K36 K #E «=0.05, & I SPSS 25.0 # {4 i 17
s o3 b

21 BEMEN

WA R SR A 99 i), BBk 245, I 1 B
AATIRAE 255, 55 106 B R T bR B b 1T RE T 32
RGPy R . 97 W SE N T BEVT S R, B
185, Z79%; VIR (36.1+8.7) 25 FHIBMI
(22.7+3.1) keg/m?; AR B AR 0 90 KR 55
XU FECER R R i 4 D) B 42 1) AR R KU 4y )2 R
e 34 6, Hfss6 B, wfa7 6. FEUrib 89l
NS0, ¥R 502y, B ofl, 2416l
EW (413297) %, BMI (23.0£3.0) kgm?;
A FF PR R B 0D B 31, R FE R A R 4 )
Br 19 5 &2 kB 4y 2 AR fE 40 B, fE
10 71 (5),

RS BEMHAH
Table S The general data of patients

PR WA (n=97) BEVTH (n=50)
M5l (%)]

% 18(18.6) 9(18.0)

S 79(81.4) 41(82.0)
(P x £ 5) 36.1+8.7 41.349.7
BMI(kg/m?,x = s) 22.7+3.1 23.0+3.0
FARVEF(%)]

] 55(56.7) 31(62.0)

XU 42(43.3) 19(38.0)
SR )Z (%) ]

A& 34(35.1) 40(80.0)

s 56(57.7) 10(20.0)

[ 7(7.2) 0(0.0)

22 BEPHLER
2.2.1 BAGRAZR WA R EIE 2 0 45
WoR Z AP AL RN R JF 27 (1.5~54) D1,
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TSH 4 0.6 (02~1.4) mU/L, ZZ% 1 %2509 45
R oR & A 7 B E) 4.8 (34~7.8) AN H
TSH 5 0.5 (0.2~0.9) mU/L, Z %545 2 U 24 i 45
RWoR & A& A B 8.5 (6.1~10.8) A,
TSH /0.4 (0.2~1.0) mU/L. H JT g B ol AH 5G5E Ik
RAEWGIE . BEIWEZAE9H (93%), 51K
REWAGHETH (72%), FH2RALHLAH 4 6
(4.1%) , PR R GEH 25 5 B i 25 2 ] 1Y HY e/
R IR B A R 22 R RS E L (P=0.791 .
P=0.267) . ERVIHZY 545 33 9] (34.0%), %5 1IKFH
G 253548 56 B (57.7%), %5 2 IR R G VH 24 ik br
62 15 (63.9%), WK Z G825 1 I 25 1k br %

EZ 5 W HA S E X (P=0.001, P<0.001)
(%£6), BB EPEIMEALMEERERE A

b B s ] R R S 22.8 (16.7~347) A~ A, TSH

H 0.6 (02~1.7) mU/L, REGH 1 RMAHLER D
7 B A TR ROt ] Ol 24.8(19.9~39.2) AN, TSH
0.8 (04~1.2) mU/L, RGN 2 WIHZ M 45K B
N2 A A B[R] R 279 (24.5~43.0) A,
TSH 4 1.1 (0.6~1.6) mU/L. FH J 5l B sl AH 3G JE R
RABIEN . BEIRREZHE 76 (140%), H1IRER
S HE 20 (40%), FE2XRAZKHEA 2 6
(4.0%) , IR ZR G0 25 5 B2 0 25 2Z [a] (4 F 5T/
WA G HE R B AR R 2 R RS R B L (P=0.180 .
P=0.180) . =V 251545 18 65 (36.0%), % 1K A
S5 P 245 35 4% 25 0] (50.0%) , 5 2 W & 550 2 ik b
3301 (66.0%), 551K FR G025 B i 24 35 b %
ER LG FEY (P=0.143), FH2REZG M5
EIMM A SRR BARITFE XL (P=
0.007) (#£7).

Ro MEHMBEEMANSREFANERILE

Table 6 Comparison of the results between physician's adjustment and system adjustments of patients in initial treatment

stage
i H =i 24 B 1LIRAG IR PV 2 ARG PY
BANEA ,MUQR)] 2.7(1.5~5.4) 4.8(3.4~7.8) <0.001 8.5(6.1~10.8) <0.001
TSH [mU/L, M(IQR)] 0.6(0.2~1.4) 0.5(0.2~0.9) 0.020 0.4(0.2~1.0) 0.007
T/ HE R (% )] 9(9.3) 7(7.2) 0.791 4(4.1) 0.267
W55 (%)]
Y7y 33(34.0) 56(57.7) 62(63.9)
B 0.001 <0.001
Rikbw 64(66.0) 41(42.3) 35(36.1)

TE: D LR AR GEIL 5 BRI ZY LA 2) 5 2 R SR 25 5 BRI ZY L4

Notes: 1) The first system adjustment vs. physician's adjustment; 2) The second system adjustment vs. physician's adjustment

*7 MITHEEENAAGSRFEAAHERILE
Table 7 Comparison of the results between physician's adjustment and system adjustments of patients in follow-up stage
T H BE 2y A LR ARG PV H 2R ARG P?
SARI[H ,M(IQR)] 22.8(16.7~34.7) 24.8(19.9~39.2) <0.001 27.9(24.5~43.0) <0.001
TSH [mU/L,M(IQR)] 0.6(0.2~1.7) 0.8(0.4~1.2) 0.832 1.1(0.6~1.6) 0.217
FIC/ A ISAE AR [ (%) ] 7(14.0) 2(4.0) 0.180 2(4.0) 0.180
TSR (%))
LY 7N 18(36.0) 25(50.0) 33(66.0)
B 0.143 0.007
RikbR 32(64.0) 25(50.0) 17(34.0)

TE: DEE VRARGEMZG S BRITAZY LU 2) 26 2 R G 25 5 BRI 25 LL 4

2

Notes: 1) The first system adjustment vs. physician's adjustment; 2) The second system adjustment vs. physician's adjustment

222 ®AsHER H—LoISHEINRS
P25 IR AR R R, 245 R BN TERNIA W R A
PR 2R G008 245 #E Lo R A 4l . MR OE R 4
(BMI 18.5~<24 kg/m®) LA Je 4K it 2 3 7 41 (BMI>
24 kg/m?) FELEE T 25565 R AT B B (3 e
0.05). 7EFMIHARIRVIBR BE AT, F2REASR

LS 2A
W

© WA )3 of [ FF I F A EPTA

I 2 45 BRI R 25 3k bR R BT B R (P=0.001) ,
TE XU HOR BRI s b, IR R R 25 5 =
U 25 IR AR R A I R 22 5 (3 P<0.05) o FEH
fE BB AP, PR R G 2 5 O R 24 1k AR R 3
AU EZES (¥ P005), MIEMKGHEZHS, W
K F G0 8 2 5 5 D 24 1k AR R 22 S 3 RS 2 R
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SC(BP>0.05) (£8). XFFHEVIIAIEE, KR SiteE L (P=0.049) . fERfERFA, H2RAR
WA EA, B IR RGN 2 R B I 2 A R R 2 G EI 2 kAR B E R A G FE L (P=
BEI#E XL (P=0.031), 7ZESM BRI YIREHE  0004), MAETEGH, MELERLSKIT¥E XL
2, 52 WK ARG E 2 B R R R 24 Th AR R 25 T gt (P=1.000) (#9).

RS (P=0.049), THAEXNMIBRA, WEZEFTL

x8 VRHBREEMALGSRAPAIESWIN=97, n (%) |
Table 8 Stratification analysis of the results between physician's adjustment and system adjustments of patients in initial

treatment stage [n=97, n (%)]
BRI 2y F1IRFRG

2R ARG

Iﬁi E Pl) PZ)
rY 7 ESuYN KR Kb BEY 7 ESuYN
P
6(33.3) 12(66.7) 10(55.6) 8(44.4) 0.219 11(61.1) 7(38.9) 0.063
S 27(34.2) 52(65.8) 46(58.2) 33(41.7) 0.003 51(64.6) 28(35.4) <0.001
BMI(kg/m?*)
<18.5 4(66.7) 2(33.3) 3(50.0) 3(50.0) 1.000 5(83.3) 1(16.7) 1.000
>18.5 21(35.6) 38(64.4) 34(57.6) 25(42.4) 0.011 34(57.6) 25(42.4) 0.011
>24 8(25.0) 24(75.0) 19(59.4) 13(40.6) 0.013 23(71.9) 9(28.1) <0.001
FARVEH
LA 23(41.8) 32(58.2) 30(54.6) 25(45.4) 0.167 40(72.7) 15(27.3) 0.001
XU 10(23.8) 32(76.2) 26(61.9) 16(38.1) 0.002 22(52.4) 20(47.6) 0.008
SRR 53 )2
i&f& 20(58.8) 14(41.2) 26(76.5) 8(23.5) 0.146 25(73.5) 9(26.5) 0.267
TE e 13(20.6) 50(79.4) 30(47.6) 33(52.4) 0.004 37(58.7) 26(41.3) <0.001

T DS VIR RSEZS 55 BRITIRZS LA 2) 55 2 R GE IR 2y 15 BRI 25 e

Notes: 1) The first system adjustment vs. physician's adjustment; 2) The second system adjustment vs. physician's adjustment

*9 HHHEEEMRAGSRZREREIES =50, n (%) ]
Table 9 Stratification analysis of the results between physician's adjustment and system adjustments of patients in follow-up
stage [n=50, n (%)]

E BRI ZY AR ARG o F2MER G )
Y 7 FSaYn e 7 FSaYin bEY 7 P Sy
P
5 3(33.3) 6(66.7) 6(66.7) 3(33.3) 0.250 8(88.9) 1(11.1) 0.063
% 15(36.6) 26(63.4) 19(46.3) 22(53.7) 0.424 25(61.0) 16(39.0) 0.052
BMI(kg/m?)
<185 1(33.3) 2(66.7) 2(66.7) 1(33.3) 1.000 3(100.0) 0(0.0) 0.500
>18.5 11(39.3) 17(60.7) 11(39.3) 17(60.7) 1.000 17(60.7) 11(39.3) 0.180
224 6(31.6) 13(68.4) 12(63.2) 7(36.8) 0.031 13(68.4) 6(31.6) 0.065
FAIRA
Bl 14(45.2) 17(54.8) 19(61.3) 12(38.7) 0.267 23(74.2) 8(25.8) 0.049
X 4(21.0) 15(79.0) 6(31.6) 13(68.4) 0.625 10(52.6) 9(47.4) 0.109
SRR 532
s 13(32.5) 27(67.5) 19(47.5) 21(52.5) 0.180 27(67.5) 13(32.5) 0.004
T fE 5(50.0) 5(50.0) 6(60.0) 4(40.0) 1.000 6(60.0) 4(40.0) 1.000

TE: DEE VRSG5 BRITIR 2 FUA 2) 55 2 R GEIRI 25 55 BRI 24 LA

Notes: 1) The first system adjustment vs. physician's adjustment; 2) The second system adjustment vs. physician's adjustment

223 B EMiyHIAL LRI TSHIE Ke Wi UK 2 48 8 25 A6 0036 30 3 4l R B 1 300 B G A
A T A 6 RE IR & AR R T, S U A 24 ZIHZER LG %3 X (TSH kb % . P=0.811,
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P=0.372. P=0.802; W JU/M & : P=0.384, P=0.684,
P=1.000) . PIZH Y TSH 4 b5 28 BE Uil 2 i 22 5 o 58
T S (P=0.602) , TIMAS 1IRRG ML) (P=
0.028) K2 AG I 245 (P<0.001) TSH 48 b5 2
S¥AgIrEE X (£10),

F10 MAHSBIHRHPHERILR
Table 10 Comparison of the results of dose adjustments
between patients in initial treatment stage and

follow-up stage

i PIA (n=97) BV (n=50) P

SATRIRIA ,M(IQR)]

] 2.7(1.5~54) 22.8(16.7~34.7) <0.001

HIRFRGMZ 4.8(3.4~7.8) 24.8(19.9~39.2) <0.001

H2MAR G 8.5(6.1~10.8)  27.9(24.5~43.0) <0.001
TSH [mU/L, M(IQR)]

I 24 0.6(0.2~1.4)  0.6(0.2~1.7) 0.602

HIRFRG ML 0.5(0.2~0.9)  0.8(0.4~1.2) 0.028

F2MA LML 0.4(0.2~1.0) 1.1(0.6~1.6)  <0.001
H T/ ER [ (%))

PR i 2% 9(9.3) 7(14.0) 0.384

EBR/ €l E) 7(7.2) 2(4.0) 0.684

2 ARG 4(4.1) 2(4.0) 1.000
TSHiA45[n(%)]

[ i 25 33(34.0) 18(36.0) 0.811

B LRARGZY 56(57.7) 25(50.0) 0.372

2R AR GZY 62(63.9) 33(66.0) 0.802
3 it i

K4 PIC B EARE WG R4, MK,
A JG AT A 35 1 TSH 306167 X5 PTC 3% 1S 43
L RBEGE T RIE AR D B R 24 2k R R
33.0%, Fifi i ) H o P IS U U 24 3K BR R O 36.0%
SR B 25 kAR R R, X EIE T & H 1
I R 52 B v & BRI ) 0. B T SC T AR A R A
A, BT AR B TR R A I R B AR X T A 4
B AS TR T 024, Al 780 HEHR R 98 R S5 A B v [
TR IEP (2020 ) ) CURE U 2012 4F i CHUIR
J 45 5 Ay AR R R AR 12 R AR B ) U LK SRR
19 5C T PTC AR J5 TSH MG Y7 0y 2R Sk, i HAH
KN AR 2015 Fi ATA 5/ A — B, Rk, A
F 5 v 18 V8 25 2R GE AE 445 A J5c 0 48 SOk AR & 4t
— A 2 bR 7 T B A — o L

MBI R LR/, BEEAANC S
28 aok B2 I Y 25 — B AR, P2 BB E TR N H &R S
ZifR A bR R BT PRI R R A

© WA )3 of [ FF I F A EPTA

B R 25 () B (R B, (REE 1L IR R G 24 5 A bR R
T e I 0] P 4R T [ ISR DA Bt 1 300 AR 1R A 2 &
B, N R G UE 25 0 i a3 /D B W R 2 1 e
], Hoakbr R Ao W] 52 7, Uk WA 25 & Ge 7E 48
TSH kbR A PR RE 7 i B fL ¥ . mdl &% £iFH
T B U80AH DG IR AR R TR R G I 2 S s I R 24
TR ER, BRWMP U RS MG EA S BEI
T 2 R T) %) v v e Ak

WA Hr i as R o, FEVIRT, REHZ
TE 24 PR B TR bR A8 0 42 8 7 T ACR o W i, X
ATREH TARME P L EHF G ESIE, A
RE HE 5% 2 Pk B8 R 20 Tk R 1 3 AT —
FWMH R . &G0 25 R84 S A W e
BE M IEFRE (M 20.6% HTH 2 58.7%) . ML TR
BB AG G i B, 2k RS s e Y R W
FORG HEFE ] TSH AKF1 ) L HOEFE RG], TSH
322 il 7K - TR A A

Bl A B 43 J2 3% — M A& e 5B 7R 2008 4F 1 1
WP 2 S A BB e e S AR,
(4 2 At X B 7 30 A A SR AT TN G B L A AR Ak b A
2, FenlEE RN e B E, WRTFARLER
S RAF RN, AT DAEE Y 58 TSH #1 il i6 57 K
TG e A& W1 a W AR A% 5 ] o ) I TSH 4 G 9T
I IZ R 22 2 /D 5~10 AEP AR Bk 2536 97 i
R, G FCPE TSH 40 i K S AT s 20 i 55 IR 24
a, IR 25 EAE D XURS: B AR K AR
WD, WA RFRAGERE, REMAE
= 0T 9 24 A8 0036 19 5 5 09 RR A T R 24 R A R
AR O] 25 . BE A 2 /Y TSH 48 B
PR R N SRR R S I T R R AN TE% 8 P2
TSH 48 #5 176 10 2 Bl U5 W A7 B S 2 5, Ui R4
P25 A B A BB 4 J2 M E S, REfS & H
W R IR, DD 2RI AU o

AR T AR RS R AU IS A AR 2 75 i 4T TSH
PG T AEAE — PP SR, AR 4 2021 4F
() — T A 25 SR P R, KR 28R AR A HEE PTC R
Ja EAT TSHAEIIG YT, HLE £ A9 I R B0 32 #5 TSH
THRIT ORIk, 2 BN R R 20
TH PTC B35 AR5 A9 TSH 301 K8 =45 BRAYIE

i b, RGN LT BE I E 25 4 PTC R 5
() B 17 5 8 25 2o B A SRR, AR I IR S e P AR
h— PP BB, BB 2 S5 @il
A BT B A R 55 TR, (A Y D R R
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