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Factors and predictive model construction for lymph nodes
posterior to right recurrent laryngeal nerve metastasis
in cNO-stage papillary thyroid carcinoma

DONG Meng, HONG Chenchen, NIE Xinyue, LIAO Shichong, YAO Feng

(Department of Breast and Thyroid Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, China)

Abstract

Background and Aims: Patients with papillary thyroid carcinoma (PTC) often present with central
lymph node metastasis, and unilateral/bilateral thyroid lobectomy combined with central lymph node
dissection (CLND) is the primary treatment approach. However, due to anatomical variations, there is
still controversy regarding whether dissection of the lymph nodes posterior to right recurrent laryngeal
nerve (LN-prRLN) should be performed in PTC patients with clinically negative neck lymph nodes
(cNO). Currently, there is limited research on the factors influencing LN-prRLN metastasis in cNO-stage
PTC patients, and there is a lack of personalized quantitative prediction tools for assessing the risk of LN-
prRLN metastasis. Therefore, this study was conducted to explore the factors for LN-prRLN metastasis
in cNO-stage PTC patients and develop an individualized prediction model to provide decision-making
guidance for LN-prRLN dissection.

Methods: The clinicopathologic data of 410 patients with papillary thyroid cancer who underwent
thyroid surgery at Department of Breast and Thyroid Surgery, Renmin Hospital of Wuhan University
from June 2019 to December 2022 were retrospectively analyzed. The patients were randomly divided
into a training group and a validation group in a 7: 3 ratio. Based on the postoperative pathological
results of LN-prRLN metastasis, the patients were categorized into LN-prRLN positive and LN-prRLN
negative groups. Data including patient age, sex, BMI, thyroid ultrasound results, thyroid function,
postoperative pathology, and lymph node metastasis were collected. Univariate analysis and multivariate
Logistic regression analysis were performed to determine independent risk factors for LN-prRLN
metastasis in cNO-stage PTC. A visualized prediction nomogram model was constructed based on the
selected independent risk factors. The model's performance was validated by plotting the ROC curve to
calculate the area under the curve (AUC), calibration curves and decision curve analysis.

Results: In comparison between the LN-prRLN positive group and the LN-prRLN negative group,
univariate analysis revealed statistically significant differences in tumor size (P<0.001), tumor
multifocality (P=0.021), capsular/extrathyroidal invasion (P=0.011), and positive lymph nodes in the
right neck level VIA (P<0.001). The results of multivariate Logistic regression analysis showed that
larger tumor size (P=0.037), tumor multifocality (P=0.031), capsular/extrathyroidal invasion (P=0.033),
and positive lymph nodes of level VIA on the right side (P<0.001) were independent risk factors for LN-
prRLN metastasis in cNO-stage PTC patients. A prediction model based on these factors was established
and presented a visual nomogram. After validation, the AUC of this model in the training group and
validation group were 0.870 (95% CI=0.807-0.933) and 0.857 (95% CI=0.750-0.964), respectively. The
calibration curves for both the training and validation groups closely approximated the ideal curve,
indicating that the predicted probabilities from the model were consistent with the actual probabilities.
Decision curve analysis also demonstrated that applying this model in clinical practice resulted in
clinical gains.

Conclusion: The visualized predictive nomogram model established based on independent risk factors
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for LN-prRLN metastasis in cNO-stage PTC, as determined by this study, helps to objectively and

individually assess cervical lymph nodes, particularly the metastasis of LN-prRLN. It balances the

surgical anatomical benefits and the risk of surgical complications, and provides evidence for whether

LN-prRLN dissection should be performed, optimizing diagnosis and treatment.
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Thyroid Cancer, Papillary; Neck Dissection; Risk Factors; Nomograms

PO M i 2 A LA A 23 I R R TR L T
2022 4F 3 [T 3 AR R 98 9 1) ik 1) 224 023 1
FHOR IR 2L Sk otk 988 (papillary thyroid carcinoma, PTC)
2 TR R g B 1 DL 1) g B2 AT 25 B O A LA
45 # %%  (lymph node metastasis, LNM) " fiff
FUHE Y, 30%~90% 9 PTC % 4 LNM, 1l
LNM 5 i Je %5 i B e B 38 S 2 R K, TIRES
FEAR B FH ARG R R PR KK ES (central
compartment lymph node, CCLN) J&PTC AL 05—l
QPSS N E AR AR Tl A e Y ik
S5 A A RO PTC Y Jmy i 5 &, Bl U 7Y
XF T B 45 B M PTC B8 2 5 S Lt A7 v e Xk
[ 25 % 1 (central lymph node dissection, CLND) ,
HHTE By [ A A R X T I AR bk L 45 B
(clinical lymph node negative, ¢NO) HJ PTC & & &
17 BB P CLND A AFAE G+ o ol T i X — 43
ity O R AT G B R AL DB E B AR T
P

% JEF] PTC (=5 LNM 3, X T eNO B 9 PTC £
&, #EAT HUP; P CLND BB 9% 42 415 HE 6 09 R 5 0 0
N JE SRR IT AR W7 ), I HLAT LA D S b L 46
SR AT AR KUK o PRI O 7 ] S i 19T By 1 CLND
SRR E BT AR I L0

5 [ FHAR R By 25 K [ 23 Ak B AR i g 12T
g U TRE AR T FOIR B9 CLND 1Y i 1) 3 5 Ay ik i
W KERR OGS MA . AREFREL.
PR fige 30 25 W 1) 22 e, 20 RO S5 IR L S L T A0 IR
#f1 25 (recurrent laryngeal nerve, RLN) %2, 14
RLN K A7 AU 55 0K EL 25 20 O 7 RLN 32 ik 12 45 A
F RLN iR JZ k&2 25 (lymph nodes posterior to right
recurrent laryngeal nerve,, LN-prRLN ). WA WFIEIFIE
U LT CLND WS8R, A & SCHAIRE, 2
J7 1% fif% 5] LN-prRLN Ji (9 9 B2 45 475 A7 7 i . A7 4
WFFEIA A, LN-prRLN T AR P38 248, FAR AR
K%, T HLRTE 49T B 2O & GE &R RN
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PR AR 3K B E 4T LN-prRLN WG 49 . 55 A BF o
e, wWIEAASWIKRE S S8R N R &R
. FEE K F AR K5 2 VIR LN-prRLN, 1] 5%
Bk S R R R, IR S BORIR TR
MEBE DA TR IF 0 KU 386 it Rk, 2 1
#1] LN-prRLN i 78 43 V- £ ¥ 97 4K 2 F1E 0 KRS o A
i HR % 0 98 R E X LN-prRLN fi# 351 5 17 > 1 4k 1
TR P TR T 18 2 o B SR YT R R I et
AW OUR BN L AR MR L R S
290 K 47 M RLN ¥ J2 LNM B 1k 45 J& eNO ] PTC
# LN-prRLN 5 8 1 fa 6 K0 25, E Xk LA 1A £ 73 00
I 28 1k LN-prRLN %% B8 A A8 556 . I PR IR I 19 00 A5 754
SR — T T e 45 Ry S R AR R I PR T A
FILEE ST ZHZ WM, CHTZ2
P9 E 012 W S TS, H o o 40 BT AT L4 AR R
I FR A R A AR A AR Y e PR P SR FE U A BIF 5 [
i 4 43 A <NO A PTC f8 35 19 I1é IR %% kL, #83 LN-
prRLN %% 5% 1 I IR f& 6 R 26, A gl Tl 485 78, B ffy
LN-prRLN % %% 5 & H 3 DLk B IRk 19 e R
FEN S8

1 #ABE5HFE

1.1 HIRIIH

2019 4F 6 H —2022 4F 12 A 7E R K H# AN R E
B 7L AR H R R AR T BIR AR T R 1Y BB 3 k0 A LA
B S A5 T LA ABIESY o A0 ABRIE: (1) 5 BRAf 12
S} PTC; (2) #5245 M CLND  (£34% LN-prRLN ¥ )
(R A OB FE R R B i 0 B R g BB A (3) R
eNO M) o HEBRFRUE . (1) BEAEHARARFAR . 8 F
AR 2 IHIRERATEEE . RLH 410 6] B &
ARG, BEALT 50 IE A B8 3 e 72 3 Ll Bl AL 3
RN R A5G R 2H o AR 3l LN-prRLN K J5 95 PR 56 78
S5 O 4 LN-prRLN P 2H 1 LN-prRLN [f]
P, RN KREANRERREZE N SHE, X E
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1.2 HERGE

WO I DR B A 45 . AR L MR R
fe% (BMI) . HURBRIIAE . HR PR A R,
RO ML 22 B | AR E AR RN &
BAE MMM . WA E ($rk, Z40)
LNM (BHME . B S50 PR BE %8R
1.3 FAREESR

BAETEE B RRME NI G, BUMEMY, %8 85
T, W SR E 2 em A B 5~6 em JRIE R
Yia, BRUIIF R NAL, Sy S LA
Bk, VIJFURAIE, FEEHORMR . 4748
AR TR BB, AR AR Hos B VA VR 45 SR S 7 A N s XL
] PTC Ji5 , 474 /30U CLND, ¥ 4 il CCLN DL 45
RLN N A5 WA SIVIA X ()2, BIMEET . &R
PR 25 A I RLN PR 2k L4 ) 548 VIB X (IR
2, BULN-prRLN), /@ EAR R FR A . (R
FR 2 MR A RLN, iCE S RE B R G 0 .
1.4 EBERYE T ANIHE

HR A A B R 3R K 22 DR 3% 43 A 1 6 1 eNO
PTC & # LN-prRLN #% 5% 1) & B P 2 g b 48 K
ZhhtE L BB AMR AL . A HUVIA X A PE
G, MAREFTRMAE (BRAS: 420) 14
Logistic [m] J=1 151 0 45 1 - 2 il ] AL B <R 1 . 56
E 20 A8 3 A X 2 4 8 1% 0 eNO 1 PTC #: 345 LN-
prRLN %% 8% 1) 51 £& [RIA R 547 56 01F o 38 2 222 i 321K
H TAERRIE (receiver operating characteristics , ROC)
th 2k, A A ROC i1 £ T 1 1 (area under curve,
AUC) R P i 51 26 &1 A5 0 1) T X3 g Ty o R
FH Boot-strap [ %% 7% #F 47 1 000 1K 52 il A 28 17 455 784
WHERIGIIE, JfFehilRe M2, PPAGAR T HU eNO #
PTC 8 % LN-prRLN %% B8 (1 1 o J o 45 1l DL O il 2k
438t (decision curve analysis, DCA) PEAl 1% 51 2k
BRI FH F I PRS2 75 7 AR v I 4 o
1.5 SEitELE

N FH SPSS 25.0 AT Hcdls e it oy Mo B SO A
HHBB = b (7 +£s) F£, R KK, i
BOR R A (A ) [n (%) 18Ew, RH X
R o B B 2 o B B £ TR 2 Logistic [1 5 §ifi 1%
LN-prRLN % % 1 f& B [F 2% . P<0.05 Ry 22 5% A 48 3t

YRS
R
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2 # A

21 NABREIRKFREER

AW SR LA 410 ) 8, H o 55 90 1]
L3200, SEHAER 46.6 %, Hidh<ds % 168 14,
245 % 3 242 ) . AR OR S B R, 410 ) BB E
o A7 #VIA X LNM % 34.6% (142/410), LN-prRLN
%R 163% (67/410), 14.4% (59/410) B #H
[F) I 47 76 47 S VIA X LNM & LN-prRLN ¥ %% . 47 #0i
VIA X JC%# %% 1 LN-prRLN A4 # % (BB 558 )
I &5 2.0% (8/410) . Il 45 41 287 5] PTC ', LN-
prRLN P 45 6], LN-prRLN [H P4 242 1] 5 5631E
20 123 ) PTC ', LN-prRLN FBH 1 # 22 fi] , LN-
prRLN B 1 & 101 71 . Il 25 240 K 56 iE 4 1l IR %% k)
W1,

F1  YIZREFIIIE A RFEZ R R
Table1 Comparison of clinical data between training
group and validation group

llEzi:N D2
Vet VIES it
(n=287) (n=123)
[ (%)]
5 61(21.3) 29(23.6)
0.603
& 226(78.7) 94(76.4)
IR ,n(%)]
<45 120(41.8) 48(39.0)
0.599
>45 167(58.2) 75(61.0)
BMI(kg/m?,x + s) 23.53+3.02 23.55+3.62 0.973
Jitsga K/ (em & + 5) 1.11+0.78 0.96+0.60 0.053
BhgR v [ (%))
YL 163(56.8) 72(58.5)
0.744
XA 124(43.2) 51(41.5)
ikt E H(n(%)]
LTS 160(55.7) 68(55.3) 0931
Lkt 127(44.3) 55(44.7) '
HEEARIMZ A0 (%) ]
= 123(42.9) 41(33.3)
0.071
i 164(57.1) 82(66.7)
AR HR RS [0 (% )]
= 63(22.0) 38(30.9)
0.054
w 224(78.0) 85(69.1)
FHVIA KR 25 (%)
FHE 98(34.1) 44(35.8)
0.751
PR 189(65.9) 79(64.2)
LN-prRLN[n(% )]
BEE 45(15.7) 22(17.9)
0.580
B 242(84.3) 101(82.1)
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2.2 IIZ4AE LN-prRLN # B I B E & 45

B RN &, Ul ZRdl v LN-prRLN FH 4 41
50 M 4L FE B R/ (P<0.001) . Z kA (P=
0.021) . #EE/IRAMZ AL (P=0.011) F147 HiVIA X
WA M (P<0.001) ZRAGIFE L (£2),
W bR H DR R A B O A R B Ge i R AR
b7 2 & Logistic B 43 Mt . 45 5 3% B g k5%
K (P=0.037) . Z ¥ (P=0.031) . # 8/ 8R4
20 (P=0.033) . 47 5 VIA X ik B 45 B 1 (P<
0.001) J& e¢NO ] PTC i # LN-prRLN %% 8 () B 57 15
BmHE (£3).

2 %A LN-prRLNEBHBEZ S
Table 2 Univariate analysis of factors for LN-prRLN

metastasis in training group

g [HPE(n=45) B (n=242) P
P (%)]
5 12(26.7) 49(20.2)
0.334
& 33(73.3) 193(79.8)
IS (%))
<45 24(53.3) 96(39.7)
0.088
>45 21(46.7) 146(60.3)
BMI(kg/m?,% + s) 24084324  23.43+2.98 0.191
itz K/ (em,x + ) 1.56+1.02 1.03+0.70 <0.001
b B n (%))
patlll 30(66.7) 133(45.0)
0.145
LA 15(33.3) 109(55.0)
kA H [n(%)]
kL 18(40.0) 142(58.7)
0.021
EZsR 27(60.0) 100(41.3)
BEHE/RRIMZAC 0 (%))
P 27(60.0) 96(39.7)
0.011
gD 18(40.0) 146(60.3)
AR R IR (0 (%)]
= 14(31.1) 49(20.2)
0.106
& 31(68.9) 193(79.8)
FHIVIA Xk EL 4G (%))]
FHPE 39(86.7) 59(24.4)
<0.001
A 6(13.3) 183(75.6)

=3 JIZ&ELN-prRLNEBHNZEZEE P[5
Table 3 Multivariate regression analysis of factors for LN-
prRLN metastasis in training group

ESES B P OR(95 CI)
JiEg 0454  0.037  1.575(1.028~2.413)
EZaRin 0.867  0.031  2.379(1.084~5.220)
PR RIMZAL 0.860  0.033  2.364(1.071~5.219)

HHVIA KBS 3.105  <0.001  22.316(8.586~58.004)
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2.3 cNOHAPTC LN-prRLN & =R fy# 2 &
IEE
2.3.1 FRMAEA A T IR Z K T Logistic
[l 5 8 R A ST g P (£3), MHRIEF
4 1T AL B9 eNO 3 PTC 4 I LN-prRLN #% %% 1 i
I 27 22 PSS A L A 52 e PR 2R LG X 0 1B s R Bl
R BUR TR AR, X SR ET O B b
Row] 459 %) A0 B B9 LN-prRLN % B B9 0 0 HE
Z(E1).

g 0 10 20 30 40 50 60 70 80 90 100

BB/ IRAMEIL —

EZ5R
EZ R —_—
gl

Jif9Ed K/ (em) —_—

0 05 10 1.5 20 25 30 35 40 45 50 55
A7 VIA K557 o
B ) R A AR A S ASARE aaans)

0 20 40 60 80 120 160 200 240

f‘ ; 28 r T T T T 1

LN-prRLN A5 0.01 0.1 03 05 07 08

E1 il cNO#I PTC LN-prRLN 3675 1 51 2 E 4 7Y

Figure 1 Nomogram model for LN-prRLN metastasis in

¢NO stage PTC

2.83.2 FAMAELA 49 3E 5 4K ROC fh 2k 45 R i
7, WIZR4 i AUC 24 0.870 (95% CI=0.807~0.933) ;
¥ 4IE 4H i) AUC 4 0.857 (95% CI=0.750~0.964) , i
HH %) £ 11 45 780 10 LN-prRLN %% %% X 43 68 1 &5 4f
KWL EA RN ERe (E2). R
Boot-strap [ %% 1 17 8048 1 000 IR 8 &2 il A 2E 47 45
Ry RS0 IE 5 e T TR Y eNO ] PTC &R LN-
prRLN % %% (0 R 2 il 76 x fh L, SEBR Al R 2 i 78
y il L 45 2R R AR R ) BEA T Al 2k, SRR
71 TN 1) £ I 1) S o TR0 1 R L I R A R 5 I 4H
e I 4 A Ol T B AR £, e I A2 A 2R N AE
RSP R — S EL (B 3) . YIZd Mg
WAL R AL B DCA IR (&Kl 4) . MRk
7N BT AT H 5 HK 2 LN-prRLN %% 5% 19 IB03% 5 i 28 o
ST AR WA B 2 LN-prRLN # B i % 5 40
A, 5 2% 2R eNO #] PTC 8 # LN-prRLN %% £% JXU 55 #E
R R o, Bk B A DI SR 41 RN 56 E 4]
B T AR, B 2k B BN eNO B PTC B
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# LN-prRLN 5% £ Lt B H AT i JHC At 350 900 [N 5
FEIEE Z2 i eI aR 3R T IZORE L AE I PR B 5K T T

0.196 (0.818, 0.844)

AUC: 0.870 (0.807-0.933)

HA R4 10 05 18

0.894 (0.812, 0.909)

AUC: 0.857 (0.750-0.964)

2 I EFISIELAR ROC 2k
Figure 2 The ROC curves of the training group and validation group

Apparent Bias

— —corredted

Apparent Bias

— —corredted

B3 2k EFNIELHRIR A B 2k

Figure 3 The calibration curves of the training group and validation group

Nomogram model
Al

None

Nomogram model
Al

None

E4 IZAMBIEHR DCA #h£k

Figure 4 DCA curves of the training group and validation group

3 W #

C WiJa BAFH 5 % 4 LNM, L CCLN 5 %% 5
UL o B OSUAN FECER R R U BR +CLND S 3
PTC /Y £ ZF AR Jr =X, {H CLND i 5i5 [Bl 43 17 78 4+
W ATA ¥ CLND i1 558 LRy SRR Sk, »
MANE DS, LRELES, FRAEWEITE,
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R MERTHR 25 . BRI B AL . R
WL EEY PR iR IS5 0 ) 25 %, 45 RLN [ ZE RLN
EATE R, # A TP E SRR T A8 AT,
47 CLND 4347 RLN ¥R JZ Wk [0 45 (47 8 VIA X))
HLN-prRLN (47 #VIB X ) . A LN-prRLN {7 F 47
RIN W J5 07, i B8, BRI 4 2aE, FY)
Bk LN-prRLN iy 5 # rpr L 22 5] F146 & RLN 0 G 2 14
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JAT RUN 948 0, e /M A7 RLN A O XSRS ik 2 4
ZURNAR I Mg 105 4 200 3 B nl e & 5 SO A T & E
A FROTR 55 Ji 451 45 Fn 2L BE 9% 45 . HL R LN-prRLN i 1]
B AR, ARATE S ORER 2%, ME LUAE R BB
= A R, I XT T oNO B PTC (5 2 5 %
AT LN-prRLN 38 459 B #4547 78 88 K4 . &
Ay 2 F 0215 Sy LN-prRLN %5 § %A%, 5 52 0 F R
HzE, MIKEAIFRIERA RS, WEFALR
(19 F R A BA A BB % 4 fif &), JC 200 H B aE AT LN-
prRLN {15 41, PTC £ /% LN-prRLN
BT R IK 2.74%~3827% , IR F ARG A%
B, wIR N R L, B TR T RMERE o i
I 23 B 1 CLND RE R I W88 Jm 3 52 & SRR J5 I
FRE ) A X T oNO MW PTC B3 kil i B Pk
CLND 17 FEL AT SR A7 76 8 o 78 0ff 2 35 4 1Y) 40 3k B
AR = e S N A e 078 Al L =0 N =
IR AE 0 AR B AE R AT i DA I AR
o, A B 5 BT eNO I PTC 5 %% LN-prRLN % # 114
fals 2, XA & ER RN RHEETEH,
FARE, LAE MR B A O e TR

ARAFFE ., 4 FIVIA X LNM R 4 34.6%, LN-
prRLN () LNM & 4 5 K 16.3%, 14.4% W H & 7] if
FETE AT FIVIA X K VIB X LNM, 47 51 VIA X IG5 #
1M LN-prRLN 4 % 8 A0 5 1 2.0%, 5 Bk 1% 0F 58 AH
A0S AR S [0 B 53 BT eNO ) PTC A8 35 19 1 A9
AR, AL s PR 538 & B LN-prRLN 4% %% 5 Jil
R . ZhRE L B/ R AR A0 A S VIA Xk
B M FESIT %25 . £ K Logistic 134y
Bras R E LR R . 2t L BB AR AL
A BVIA X3 EL 45 BH P & eNO ] PTC LN-prRLN % £%
B ST B 2, SREEAF A . 2 Wi sg 2
N PTC B F v R, (BB EEED
JifJgg 42 AL ME 5k, 55 PR B B LN-prRLN % %% .
— I Meta 43 Hr!"14% 5 b 58 7R M 591 55 LN-prRLN 5% #%
AHOC,  HLIXFP A G 1T B SRR A S AT 5¢ . Hou
H Zhang 252708 Je AR W6 <45 % B (B H A AR
HH 5 KA IN-prRIN # 8 . RPN R K £2 A
2 019 43 Br S 7R 53 PR AR i <45 % ¥R & LN-prRLN
BN EE, 0 HEE RS HE A ON 2
AKX,

A WF R % B R 4 5 LN-prRLN #% £ %
SIEAHSE, MR, BB RS . Zhou F™
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