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PD-1 (diluted 1:500, Abcam), Opal 570 TSA Plus (diluted 1:150); CD8
(diluted 1:300; Bio-Rad AbD Serotec Ltd., Kidlington, UK), Opal 520
TSA Plus (diluted 1:150); CD4 (1:200, Abcam), Opal 480 TSA Plus
(diluted 1:300). T El1ol #d FEE Aol 7l=adn. Ke 1
2F B A Al E e, (D3, CDllc, CD33, (D56, CD68S 1%k

wA3h o] Z47ke] TSAZ o] &5k A ST
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3t 1. Fluorescent multiplex immunohistochemistry panel.

Antibody Clone (Supplier) Tit::llt)ion TSA Titration
CD4 EPR6855 (Abcam) 1:200 Opal480 1:300
CDS8 4B11 (AbD Serotec) 1:300 Opal520 1:150
PD-1 EPR4877 (Abcam) 1:500 Opal570 1:150
PD-L1 E1L3N®(CST) 1:300 Opal620 1:150
Foxp3 236A/E7 (Abcam) 1:100 Opal690 1:150

CK AE-1/AE-3 (Novus) 1:300 Opal780 1:25

CD3 2GV6 (Ventana) 1:5 Opal480 1:150
CDllc EP1347Y (Abcam) 1:500 Opal520 1:150
CD56 EP2567Y (Abcam) 1:500 Opal570 1:150
CD68 SP251(Abcam) 1:300 Opal620 1:150
CD33 SP266 (Abcam) 1:100 Opal690 1:150

Abbreviations: Ab, antibody; CD, cluster of differentiation; CK; cytokeratin; Foxp3,

forkhead box P3; PD-1, programmed cell death protein 1; PD-L1, programmed cell

death-ligand 1; TSA, tyramide signal amplification.
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F-MIHC §-, MSTe] 42 a3 2ol A=A, ojuA]= Vectra®
Polaris Quantitative Pathology Imaging System (Akoya Biosciences,
Marlborough, MA)E o©]&3}e] 2708t o™, inForm 2.4.4 image
analysis software (Akoya Biosciences, Marlborough, MA )¢} Spotfire™
software (TIBCO Software Inc., Palo Alto, CA, USA)S A}&3le] 4
ahalvk. 7ol AR Witk st 5-1070¢] AP (region  of
interest, RODel thgh A4 B 42 FFo] B2 vn ¥ &9
o] Helx4 HAEE T ofFolxlen, AlE &2 nuclear DAPT ¢
A Rt 4 M) et SRS TIte s ik, FF Al A
-, CKSF PD-L1 ¥4 3 5919 =7FH 3 mesh ¥} CKeF PD-L1e]
gk 3 =9 g el DAPI
w1tk. Foxp3el ek 3 g a2 DAPIR gojd ddHoxe] i
AR Y Beks vtor AAEAY. TILY Alxde dds o
Fe g o7l wiiel, 3 F9o A3 e}t (D3, CD4, D3, (D33, CDllc
2 OPD-1e oigk & F9 4] DAPI Ao AEH/ J9s VwoR
A7t (D567 (D68l 74-¢-, tha = rae 43 et 3 9]
o] DAPI o] Axd/9 J9& 7|vtow 4

4, Z1¥5el A MSIE] i3 oW AE &le = vk, LH3AL 1H4AE

MSIZ 6714 Al % o] A= AA FEAE] ojuAE Ho
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4
i
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rlr

AEA/Y 49e W A%

L, 193B, 1H4BE F-MIHCE @M% ZHzhe] Al ¥ wiAE Ho
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7193, Representative multispectral image and expression of cell surface markers
(first analysis)

O coa
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(A) Representative multispectral image.

(B) Cell surface markers, CD4, CD8, PD-1, PD-L1, Foxp3, and CK, detected by

fluorescence immunohistochemical staining with different colors to rule out cross-
reactivity and multispectral imaging.
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T1%4. Representative multispectral image and expression of cell surface markers

(second analysis)

O co11c
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(A) Representative multispectral image.
(B) Cell surface markers, CD11c, CD56, CD33, CD68, CD3, and CK, detected by

fluorescence immunohistochemical staining with different colors to rule out cross-

reactivity and multispectral imaging.
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175, Representative images of PD-L1 expression assessed by conventional PD-L1 and

fluorescence immunohistochemical staining.
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Images of PD-L1 expression assessed by conventional PD-L1 (A, C, E) and
fluorescence (B, D, F) immunohistochemical staining. Expression of PD-L1 is absent
in (A, B) differentiated thyroid carcinoma tissues, and 1% (C, D) and > 50% (E, F) in

tissues from anaplastic thyroid carcinoma.
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3£2. Definition of cells based on expression of cell surface molecules

Cell surface molecules Cell definition
CK+ Tumor cell
CK-and CD4+or CD8+or Foxp3+ T cell
CK- and Foxp3+ Regulatory T cell
CK-and CD8+ Cytotoxic T cell
CK- and CD3+ T cell
CK-and CD1l1ct+ Dendritic cell
CK- and CD56+ Natural killer cell
CK- and CD68+ Macrophage
CK- and CD33+ Myeloid-derived suppressor cell

Abbreviations: CD, cluster of differentiation; CK; cytokeratin; Foxp3, forkhead box
P3
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PD-L1& =EFste 1A B4 oAkl At 7] 4% (next-
generation sequencing)< ©]83F 507F4] <R A AHE FHA H

e AR T” . A A7) B Ay oo gk $-
A Aol B En WY dEYrE #oste] DNA FES g 22

223 ANSHGOr], 4 BN 25 m T AACRVE A%

o
A
i

DNAS F=35F9tF. PicoGreen 2 Nanodrop (Thermofisher Scientific,
Waltham, MA, USA)S A}&3le] =3k DNAE qualifiedd}$lal, Agilent
SureSelect Target Enrichment X~=2ZEZF (WM& B.3, Agilent
Technologies, Santa Clara, CA, USA)S A}£3}o] exome capture
librariesES AJA 3T, o] & o] 835}o] captured DNAOIA AHAH HF
A =S gPCR Quantification Protocol Guide (Illumina, San Diego,
USA)o uwhe} Aeks}sliar, TapeStation DNA  ScreenTap e(Agilent
Technologies, Santa Clara, CA, USA)E A}-g38le] AHAg}sle] A3
U}, SequencingS elAlE HiSeq™ 2500 =3 (I1lumina, San Diego,
USA) S ARE3E3Ith. 919F #o]l ae Ak 7AL Aol Al BRAF™ 3}
TERT 2R E] WHolE A3} o FAo E3a3itt.
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2 E dolg+= R software (R Foundation for Statistical Computing;
www.R-project.org, Vienna, Austria)Z Alg3sle] EAH oz EAHQ]
o, A&5Y Haes Toat AFHE9IS[IQR, interquartile range]l 2 4
B, HEE ¥Has A0 E)E et A8 ALY A, 3 7
239l Hlalo = paired t-testS ARESF AL, LMR B &9 H A3 cut-off
of AAkS f& ROC 4 % area under the curve (AUC) valueE ©]&
ot F 159 Hladde= W5 WMo 49 Chi-squared testE AHE

3} AL, 43 W= Wilcoxon rank-sum test 2 Mann Whitney U-

il

testS o] &3, AE AL Kaplan-Meier methodES AF&3F a1,
log-rank testE = o) AdS F2lslit}l. Cox proportional
hazards model< ©|-&sto] 9P =E At P #t& two-sided® il
Hshalar, p gel 0.05 wwrd A FAHCR freoet Aoz 753

=
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o3 afel= gl
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3£3. Baseline characteristics of patients with ATC

Total (n = 35)

Age at diagnosis (years) 68 [60.5-75.0]
Sex

Men 11 (31.4%)

Women 24 (68.6%)
Tumor size 4.5 [3.7-6.5]
T

T1 1 (2.9%)

T2 2 (5.7%)

T3 3 (8.6%)

T4 29 (82.9%)
N

NO 6 (17.1%)

N1 29 (82.9%)
M

MO 19 (54.3%)

M1 16 (45.7%)
TNM Stage

Stage IV A 1 (2.9%)

Stage IVB 18 (51.4%)

Stage [V C 16 (45.7%)
Baseline lymphocyte-to-monocyte ratio 2.912.4-4.4]
Survival duration (months) 4.3 [2.4-8.9]
Treatment

Palliative therapy 20 (57.1%)

Multimodal therapy 15 (42.9%)

Abbreviations: ATC, anaplastic thyroid carcinoma; TNM stage, tumor node

metastasis stage according to the 8" TNM staging system.
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ol F F ko] F93 2olE HAT(p=0.004). F& LR T2 HES
o] AL 3ol e, & LR & 9.57 Dok, JEA @A
Pl sl Aledst dRiss EAoA v LIRS 93]
(Hazard ratio, HR) 3.04 (95 % confidence interval (CI) 1.37-6.77,
p=0.007) & FoJ38tqlaL, 34 FoAdS Bl 4d, A7), dA4HE =
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3t 4. Clinicopathological parameters based on LMR

Total (n = 35)

Low LMR High LMR
(n=23) (n=12) p-value

Age at diagnosis (years) 68.0 [58.0-75.0] 68.5 [66.0-78.5] 0.339
<55 years 5(21.7) 0(0.0) 0.217
>55 years 18 (78.3) 12 (100)

Sex 1.000
Men 7 (30.4) 4 (33.3)

Women 16 (69.6) 8 (66.7)

Tumor size (cm) 5.0 [4.0-6.9] 3.9[3.44.8] 0.062
<4 cm 9(39.1) 8 (66.7) 0.234
>4 cm 14 (60.9) 4 (33.3)

Lymph node metastasis 0.021
No 1(4.3) 5(41.7)

Yes 22 (95.7) 7 (58.3)

Distant metastasis 0.481
No 11 (47.8) 8 (66.7)

Yes 12 (52.2) 4 (33.3)

Baseline lymphocytes (uL) 1813 [1541-2023] 2082 [1855-2368]  0.023

Baseline monocytes (uL) 730 [514-828] 386 [295-504] <0.001

Treatment 1.000
Palliative therapy 13 (56.5) 7 (58.3)

Multimodal therapy 10 (43.5) 5(41.7)

Abbreviations: LMR, lymphocyte-to-monocyte ratio
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7196. Overall survival (OS) according to the lymphocyte-to-monocyte ratio (LMR)

in anaplastic thyroid carcinoma patients

Overall survival (%)

100+

80

L — LMR >4
-t. LMR <4

P =0.004

] L) v
01 2 3 45 6 7 8 9 10 11 12

Duration of follow-up (months)

The solid line represents the OS rate of the high LMR group (>4) (n=12, 34%), while
the dotted line represents the OS rate of the low LMR group (<4) (n= 23, 66%)).
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3£5. Cox proportional hazards model of all-cause mortality in patients with ATC

Univariate analysis Multivariate analysis
Covariate
HR (95% CI) p-value HR (95% CI) p-value

LMR (<4) 3.04 (1.37-6.77) 0.007 2.55 (1.08-6.00) 0.032
Age (>55) 0.83 (0.32-2.16) 0.700

Sex (male) 2.16 (1.05-4.47) 0.038 1.04 (0.45-2.43) 0.927
Tumor size (>4 cm) 2.55(1.23-5.29) 0.012 1.82 (0.79-4.19) 0.161
Lymph node metastasis 1.75 (0.66—4.61) 0.259

Distant metastasis 2.16 (1.05-4.47) 0.038 1.92 (0.86—4.27) 0.111
Multimodal treatment 0.980 (0.49-1.98) 0.954

Abbreviations: ATC, anaplastic thyroid carcinoma; LMR, lymphocyte-to-monocyte ratio; HR, hazard ratio; CI, confidence interval
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3£6. Baseline characteristics of patients treated with sorafenib for progressive RAI-

refractory DTC

Total (n = 40)

Age at initiation of sorafenib (years)
Sex
Male
Female
Pathology
PTC
FTC
PDTC
Time from diagnosis (years)
Previous treatment
RAI therapy
External beam radiation therapy
Radiofrequency ablation
Systemic chemotherapy
Resection of metastatic tumor
Cumulative RAI dose (GBq)
Definition of RAI refractoriness*
At least one target lesion without RAI uptake
RAI uptake but progressive target lesions
Disease progression even with RAI therapy or

cumulative RAI = 22.3 GBq

Metastatic lesion sites
Lung
LNs
Bone
Pleura
Liver
Head and neck (including operation bed)

Others (adrenal, kidney, pancreas)

33

65.4 [60.2-72.9]

13 (32.5)
27 (67.5)

30 (75.0)

6 (15.0)

4 (10.0)
10.0 [3.7-16.0]

40 (100)

15 (37.5)
3(7.5)
1(2.5)
5(12.5)

12.0 [5.5-19.2]

34 (85.0)
2 (5.0)

7(17.5)

38 (95.0)
17 (42.5)
15 (37.5)
4 (10.0)
1(2.5)
10 (25.0)
4 (10.0)



Baseline LMR 3.9[2.4-6.1]

Abbreviations: PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma;
PDTC, poorly differentiated thyroid carcinoma; RAI, radioactive iodine; LN,
lymph nodes, LMR, lymphocyte-to-monocyte ratio

*Three patients had double features of RAI refractoriness

34



H| 1l

15

=
—

(2) LMRe] e}

7NAEES &7 At vel,

=
—

LMRof| uh

a3 AW A AEs ¢

AA Y=

;AT

Aol

s

2l §9)

%

LMR <ofl A 2471

KeN
-

o) FYgte

A=

15 ATH(2™H7).

slo
=

17}

49 TR

th(p=0.0153).
MR ol A 10719, =2 MR oA 2971 Lot

iy
R
e

o}
=<

HH

el
-

o
-

o) T4
(p=0.0187).

N

LMR ol A 68%, & LMR ol A 89%=

MR ol A 53%, =& LMR olA] 89%7F 670€ o]4e] A

w2

tH(ES).

el
7

el
Nd
mo

< LMR2 HR 2.98 (95%

wAoll A st

Cl 1.18-7.52, p=0.021)& <3k} aL,

A=

[¢]

=ye)
[}

’

)

jpuze)

A

&

o

o

FATH(EEY) .

S

(95% CI 1.04-6.72, p=0.041)=2 ]

2.37 (95% CI 1.13-5.00, P = 0.023), thH=Fo| A HR 2.69 (95% CI 1.02-

10).

S AT

o]
1 =

o5 AA=

s

7.04, p=0.045)2 9

35



3£7. Clinicopathological parameters according to LMR

Total (n = 40)

Low LMR High LMR p-value
(n=22) (n=18)
Age at diagnosis (years) 70.0 [60.0-74.4] 64.0 [60.5-70.4] 0.251
Sex 0.111
Male 10 (45.5) 3(16.7)
Female 12 (54.5) 15 (83.3)
Pathology 0.108
PTC 19 (86.4) 11(61.1)
FTC 1 (4.5) 5(27.8)
PDTC 29.1) 2 (11.1)
Cancer—related symptoms
Yes 12 (54.5) 4(22.2) 0.080
Metastatic lesion sites 0.446
Lung only 5(22.7) 7 (38.9)
Sorafenib maintenance dose 0.168
<600 mg 4 (18.2) 0
>600 mg 18 (81.8) 18 (100)
Change to lenvatinib after
progression
Yes 7 (31.8) 5(27.8) 1.000
Cumulative RAI dose (GBq) 350 [200-540] 200 [150—-400] 0.411
Baseline lymphocytes (/uL) 1275 [986-1,670]  2125[1,986-2,713] < 0.001
Baseline monocytes (/uL) 523 [428-689] 362 [301-435] 0.002

Abbreviations: LMR, lymphocyte-to-monocyte ratio, PTC, papillary thyroid
carcinoma, FTC, follicular thyroid carcinoma, PDTC, poorly differentiated thyroid

carcinoma, RAI, radioactive iodine
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219 7. Prognosis based on lymphocyte-to-monocyte ratio (LMR) in patients with

progressive radioiodine-refractory differentiated thyroid carcinoma treated with
sorafenib. (A) Overall survival (OS) based on LMR. (B) Progression-free survival
(PFS) based on the LMR in these patients.
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3£8. Treatment efficacy in patients treated with sorafenib for progressive RAI-

refractory DTC based on LMR

Low LMR High LMR

m=22) (=18 ' ~value

Disease response 0.916

CR 0 0

PR 4 (18.2) 4(22.2)

SD (= 6 months) 11 (50.0) 12 (66.7)

Disease control rate 15 (68.2) 16 (88.9)
Disease control duration 0.104

< 6 months 8 (36.4) 2 (11.1)

6-24 months 8 (36.4) 6 (33.3)

> 24months 6(27.2) 10 (55.6)

Disease control (PR or SD) > 6 months 14 (53.6) 16 (88.9)

Abbreviations: RAI, radioactive iodine, DTC, differentiated thyroid carcinoma,

LMR, lymphocyte-to-monocyte ratio, CR, complete response, PR, partial response,

SD, stable disease

38



3£9. Cox proportional hazards model of all-cause mortality in patients with RAl-refractory DTC

Univariate analysis Multivariate analysis

Covariate HR (95% CI) p-value HR (95% CI) p-value
LMR (<4) 2.98 (1.18-7.52) 0.021 2.64 (1.04-6.72) 0.041
Male sex 0.86 (0.36-2.09) 0.746

Tumor size (>4 cm) 1.83(0.67-4.94) 1.186

Sorafenib only (no change to lenvatinib) 2.34(0.86-6.33) 0.094

Sorafenib maintenance dose (<600 mg) 1.72 (0.58-5.12) 0.975

Metastasis to other organs (except lung—only)  1.35(0.53-3.43) 0.632

Cancer-related symptoms 2.86 (1.25-6.55) 0.013 2.58 (1.10-6.05) 0.030

Abbreviations: RAI radioactive iodine, DTC, differentiated thyroid carcinoma, LMR, lymphocyte-to—monocyte ratio, HR, hazard ratio,

CI, confidence interval
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3£10. Cox proportional hazards model of progression-free survival in patients with RAl-refractory DTC

Univariate analysis Multivariate analysis

Covariate HR (95% CI) p-value HR (95% CI) p-value
LMR (<4) 2.37 (1.13-5.00) 0.023 2.69 (1.02-7.04) 0.045
Male sex 0.76 (0.35-1.65) 0.489

Tumor size (>4 cm) 1.03(0.39-2.73) 0.068

Sorafenib maintenance dose (<600 mg) 3.72 (1.22-11.31) 0.021 0.93 (0.3-2.89) 0.903
Metastasis to other organs (except lung-only) 1.62(0.70-3.77) 0.262

Cancer-related symptoms 2.75(1.34-5.66) 0.006 2.59 (1.1-6.11) 0.030

Abbreviations: RAI, radioactive iodine, DTC, differentiated thyroid carcinoma, LMR, lymphocyte-to-monocyte ratio, HR, hazard ratio, CI,

confidence interval
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3t 11. Baseline characteristics of patients with DTC and ATC (first analysis).

Total DTC ATC
p-value
(n=28) (n=12) (n=16)
Age 59 (28-89) 48 (28-68) 66 (40-89) 0.015
Male sex 15 (54) 8 (67) 7 (44) 0.412
Site
Thyroid 26 (93) 12 (100) 14 (88)
Trachea, operation
2(7) 0 2 (12)
bed
Lymphocytic thyroiditis 2(7) 0 2 (12)
Distant metastasis 26 (93) 12 (100) 14 (88)
Genetic mutations
BRAFY® mutation 15 (60) 9 (75) 6 (38) 0.113
TERT promoter
) 15 (60) 4 (33) 11 (69) 0.140
mutation
Both 9(32) 4 (33) 530D 0.999
Disease-specific death 19 (68) 4 (33) 15 (94) 0.003

Abbreviations: ATC, anaplastic thyroid carcinoma; DTC, differentiated thyroid

carcinoma; TERT, telomerase reverse transcriptase.
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7198, Comparison of numbers of tumor cells expressing PD-L1 based on

pathological subtype.
PD-L1+ positive tumor cells
10000+ | * i
1 o
""E 1000 00
= 100- _m‘“‘n_go
2 10- 8"
=
O 1- o
2 . o
o 0.1 °e
o e
0.014 o0
0.001 -9-o T
DTC (n=12) ATC (n=16)

The Y axis is transformed into a logarithm; O is expressed as 0.001. Bold lines,
medians. (* p < 0.05; Mann Whitney U tests.)

Abbreviations: ATC, anaplastic thyroid carcinoma; DTC, differentiated thyroid
carcinoma; PD-L1, programmed cell death-ligand 1.
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71399, Comparison of numbers of total lymphocytes (A) and lymphocyte subtypes (B, C) between DTC and ATC.
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Total lymphocytes
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Regulatory T lymphocytes

100007 —— F—— F——
1000- o
100{ 3¢ ’5“,; On
- 0 o Ab
10{ =% % A,
*s 'y :ét
15 ® ﬁ. Aﬁ
- [ nﬂ & A
0.1- — Ad A A
A
0.01- ol at
0.001 T T - T e y
O O O O O O
SRR SHE - N SN A
Total PD4L1(+) PD-1(+)

The y-axis is transformed to a logarithm; 0 is expressed as 0.001. Bold lines, medians. (* p < 0.05; Mann Whitney U tests.)

Abbreviations: ATC, anaplastic thyroid carcinoma; CDS, cluster of differentiation 8; DTC, differentiated thyroid carcinoma; Foxp3, forkhead

box P3; PD-1, programmed cell death protein 1; PD-L1, programmed cell death-ligand 1.
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71%10. Differences in TPS and CPS according to pathological subtype

100+ [ Negative PD-L1 expression
(1 Positive PD-L1 expression
< 80 “¥ S @ High PD-L1 expression
_E 60 p<0.001
=
S 40-
O
S
Q@ 20-
DTC  ATC ' DTC  ATC
TPS CPS

Abbreviations: ATC, anaplastic thyroid carcinoma; CPS, combined positive
score; DTC, differentiated thyroid carcinoma; PD-LI1, programmed cell
death-ligand 1; TPS, tumor proportion score.
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19 11. Comparison of numbers of tumor cells expressing PD-L1 based on genetic characteristics (A) and differences in TPS and

CPS according to TERT promoter mutation (B).

A B

PD-L1 positive tumor cells
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Abbreviations: CPS, combined positive score; PD-L1, programmed cell death-ligand 1; TPS, tumor proportion score.
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3£ 12. Baseline characteristics of patients with DTC and ATC (second analysis).

Total DTC ATC p-
(n=19) (n=7) (n=12) value
Age 61[54.5-70.5] 55 [51 -63.5] 65 [58 — 78] 0.162
Male sex 9(47.4) 2 (28.6) 7 (58.3) 0.437
Site 0.976
Thyroid 15 (78.9) 5(71.4) 10 (83.3)
Trachea,
) 4 (21.1) 2 (28.6) 2 (16.7)
operation bed
Distant metastasis 13 (68.4) 7 (100) 6 (50)
LMR (<4) 13 (68.4) 2 (28.6) 11 (91.7) 0.004
Genetic mutation
No test 8 (42.1) 6 (85.8) 2 (16.7)
BRAFVéOOE
) 3 (15.8) 0 3(25.0)
mutation
TERT promotor
) 9(47.4) 1(14.3) 8 (66.7)
mutation
Both 3 (15.8) 0 3 (25.0)

Overall survival

) 52[3.5-20.8] 35.3[20.8—80.8] 4.1[2.8-5.6] <0.001
duration (month)

Abbreviations: ATC, anaplastic thyroid carcinoma; DTC, differentiated thyroid

carcinoma; LMR, lymphocyte-to-monocyte ratio
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719 12. Comparison of numbers of tumor cells and all negative cells based on pathological subtype.

A Tumor cells B All negative cells
10000- . - , 10000 .
L] L] n

£ . % £ oo —Bg
3 —oa— 5 . g
Z'E » o g *e a
3 1000~ .. o o) . o
o — g O
— ..' —
[T} Q
() . o

100 . . 1000 . ;

ATC (n=12) DTC (n=7) ATC (n=12) DTC (n=7)

The Y axis is transformed into a logarithm; 0 is expressed as 0.001. Bold lines, medians. (* p < 0.05; Mann Whitney U tests.)

Abbreviations: ATC, anaplastic thyroid carcinoma; DTC, differentiated thyroid carcinoma
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Z1%13. Comparison of numbers of T lymphocytes (A), natural killer cells (B), macrophages (C), Myeloid-derived suppressor cells (D) and
dendritic cells (E) between DTC and ATC.

B C
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The Y axis is transformed into a logarithm; 0 is expressed as 0.001. Bold lines, medians. (* p < 0.05; Mann Whitney U tests.)
Abbreviations: ATC, anaplastic thyroid carcinoma; DTC, differentiated thyroid carcinoma; NK, natural killer; MDSC, Myeloid-derived

suppressor cell

54



1% 14. Comparison of numbers of Tumor cells (A), T lymphocytes (B), natural killer cells (C), macrophages (D), Myeloid-derived

suppressor cells (E) and dendritic cells (F) according to sex.
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The Y axis is transformed into a logarithm; 0 is expressed as 0.001. Bold lines, medians. (* p < 0.05; Mann Whitney U tests.)
Abbreviations: NK, natural killer; MDSC, Myeloid-derived suppressor cell
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Z1%15. Comparison of numbers of T lymphocytes (A), macrophages (B) according to LMR.
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3 E 2o

Background: Analysis of the tumor microenvironment is a fundamental step in
uncovering the details of tumor-host interactions that can lead to the development of
novel therapies. Advanced thyroid cancers, including differentiated thyroid
carcinoma (DTC) with distant metastasis, poorly differentiated thyroid carcinoma,
and anaplastic thyroid carcinoma (ATC), are associated with poor clinical outcomes
and limited treatment options. This study aimed to determine the immune profiles of
advanced thyroid cancers using the lymphocyte-to-monocyte ratio (LMR) and
fluorescent multiplex immunohistochemistry (F-MIHC) and multispectral imaging

(MSL).

Method: We included patients aged over 18 years old who had pathologically
confirmed diagnoses of DTC with distant metastasis or ATC between 1994 and 2020,
at the Asan Medical Center, Seoul, Korea. We retrospectively analyzed patients with
ATC or progressive radioactive iodine-refractory (RAIR) DTC who were treated by
sorafenib with available baseline complete blood cell count (CBC) data. By ROC
analysis, we sub-classified the patients into two groups: the low LMR group with
LMR < 4 and the high LMR group with LMR > 4. We assessed the response rate,
progression-free survival (PFS), and overall survival (OS) according to the LMR.

To analysis of immune profiling, we included patients who could make additional
tissue blocks through review of tissue slides by endocrinology pathologist. The
samples were assessed using F-MIHC and MSI with antibodies against the cell
surface molecules, cluster of differentiation (CD) 4, CDS, programmed cell death
(PD-1), PD ligand 1 (PD-L1), forkhead box protein (Foxp)3, and cytokeratin (CK)
for first analysis and CD3, CD11c, CD56, CD68, CD33 for second analysis. The
expression of PD-L1 was evaluated using tumor proportion (TPS) and combined

positive (CPS) scores.

Results: Among 35 patients with ATC, the OS curves were significantly different
based on the LMR values, and the median OS of the low and high LMR groups was
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3.0 and 9.5 months, respectively (p=0.004). In multivariate analysis, low LMR was
also an independent risk factor for all-cause mortality in patients with ATC (HR, 2.55;
95% confidence interval (CI): 1.08-6.00, p=0.032) after adjusting for sex, tumor size
and distant metastasis status. In 40 patients with progressive RAIR DTC, low LMR
was associated with poor response rate and shorter disease control duration with
sorafenib. The PFS curves differed significantly based on the LMR values and the
median PFS of the low and high LMR groups (p=0.019). The OS curves also differed
significantly based on the LMR. The median OS of the low LMR group was 24.3
months and that of the high LMR group was not reached until the end of observation
period (p=0.015). In multivariate analysis, low LMR was an independent risk factor
for all-cause mortality in patients with progressive RAIR DTC (hazard ratio [HR],
2.64; 95% confidence interval [CI]: 1.04-6.72, p=0.041).

In first analysis of immune profiling including PD-L1, total 28 patients (16 ATC, 12
DTC) were included. Significantly more PD-L1-positive tumor cells (CK+PD-L1+)
per mm2 were found in ATC than in DTC samples (183.5 vs. 0.03, p<0.001).
Lymphocyte infiltration was significantly increased in ATC compared with DTC
with significantly more PD-L1 or PD-1-positive lymphocytes in ATC than in DTC
samples. Notably, TPS and CPS indicated that PD-L1 expression was negative in all
DTC samples but positive in 81% and 94% of ATC samples, respectively. In second
analysis of immune profiling including macrophage, total 19 patients (12 ATC, 7
DTC) were included. Significantly more T lymphocytes (p=0.006), natural killer
cells (p=0.038), macrophage (p<0.001), myeloid-derived suppressor cells (p=0.003)
and dendritic cells (p=0.002) were found in ATC than in DTC samples. There was
no significant difference of immune cell according to sex, except dendritic cell.
Dendritic cell was significantly increased in female compared with male (107 vs. 13,
p=0.044). More macrophages were found significantly in low LMR than in high
LMR (706 vs. 149, p=0.012), whereas lymphocyte was no significantly different
according to LMR.

Conclusion: Low LMR is associated with poor survival in patients with ATC and

progressive RAIR DTC. LMR could be a simple and stable prognostic biomarker
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reflecting host immunity in patients with progressive thyroid carcinoma. Immune
profiling revealed significant differences between advanced DTC and ATC,
particularly in terms of PD-L1 expression and lymphocyte infiltration. Therefore,
immune profiling using F-MIHC and MSI can provide invaluable information
regarding tumor microenvironments, which could help select candidates for

immunotherapy and create new targeted treatments for thyroid cancer.

Key words: anaplastic thyroid carcinoma, metastatic differentiated thyroid

carcinoma, lymphocyte-to-monocyte ratio, immune profiling
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