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[Abstract] Objectives: By analyzing the relationship between tumor—stroma ratio(TSR), immunescore(IS), and
patient prognosis in spinal chordoma, we aimed to determine the clinical significance of TSR and further in-
vestigate the predictive ability of TSR combined with IS. Methods: The clinical data of 77 patients with
spinal chordoma were retrospectively analyzed, including 54 men and 23 women. All the spinal cord tumor
cases fell into the class of classic pathology. TSR was evaluated on pathology slides by 2 independent pathol-
ogists, the local relapse—free survival(LRFS) and overall survival(OS) point with the smallest log rank P-value

was obtained using X-tile software, and then the patients were divided it into high TSR and low TSR groups.
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Immunohistochemistry was applied to 77 tumor specimens for CD3+ and CD8+ tumor—infiltrating lymphocytes
subset(TILs), automated image analysis was performed to derive IS, and the patients were classified into two
groups: high and low on the basis of IS. A univariate Kaplan-Meier curve by log-rank test was used to ex-
plore the relationship between clinicopathological factors and patient outcomes. A multivariate Cox proportional
hazards model was used to assess independent prognostic factors of LRFS and OS after adjusting for other
clinical predictors that were significant in our univariate survival analysis. Pearson’s correlation test was used

to observe the relationship between two continuous variables. Receiver operating characteristic (ROC) curves

were used to compare the predictive power of TSR in combination with IS or TSR or IS alone. And Bland-
Altman consistency analysis was used to assess the consistency of TSR measures between two assessors. All
tests were two—sided, and P<0.05 was considered to be statistically significant. Results: There was a strong
correlation between the two assessors for TSR assessment(r=0.924, P<0.001); Bland—Altman confirmed a small
mean difference in TSR data between the two assessors with good agreement (P=0.292). Univariate analysis
showed that TSR, IS, age, surrounding muscle invasion, type of surgery were correlated with LRFS(P<0.05).
TSR, 1S, surrounding muscle invasion, tumor stage, and type of surgerywere related to OS(P<0.05). TSR was
positively correlated with IS(P<0.05), high IS indicated a good clinical prognosis, patients with low TSR com-
bined with low IS had the lowest survival rates. Multivariate Cox analysis of LRFS showed that surrounding
muscle invasion, TSR, and IS could independently predict prognosis(P<0.05), and multivariate Cox analysis of

OS shows that TSR was the only predictor of OS(P=0.011). ROC analysis showed that incorporating TSR into

the IS system improved the accuracy of the IS in predicting disease recurrence and survival.

TSR is associated with patient survival and is a predictor of LRFS and OS.

analysis improves its ability to predict prognosis,

Conclusions:

Inclusion of TSR in survival

and inclusion of TSR in the IS system improves the

accuracy of IS in predicting disease recurrence and survival.
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Figure 1 Representative sections showing high and low

TSR levels in chordoma tissues(HE, Xx400)
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Figure 2 Representative grading images of CD3 + TILs and CD8 + TILs in chordoma specimens(HE, x400)
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Table 1 Summary of patient characteristics

i H BERR (%) fxxs
[tem Number of patients(%)/x+s
Y (%) Age(years) 57.4(23~88)
A (5B/4) Gender(male/female) 54(70.1)/23(29.9)
[l /N (em) Tumor size 7.14(3~18)
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#HE Cervical vertebra 9(11.7)
Mg #fE Thoracic vertebra 6(7.8)
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: SR (LA
g?lﬁl)?;ﬂr‘lfﬁr{l; /llil(l:(:l/e{’ 'iflvasion(Yes/No) 51(66.2)/26(33.8)
S b (LS
]Z,:ftlrjp/i:ytiix('gtr/jju>rrence(Yes/N0) 18(23.4)/59(76.6)
Ji R 45 2 (R /IR )

Tumor grade(High/Low) 53(68.8)/24(31.2)

b9 4339 Tumor stage
IA/1B 19(24.7)/9(11.7)
A/1IB 7(9.1)/37(48.1)
I 5(6.4)

VI R 5 R AR R )
Type of resection(EI/EA)

JiP g il (72 )
Tumor hemorrhage(No/Yes)

g YRAE Tumor necrosis

29(37.7)/48(62.3)

16 (20.8)/61(79.2)

J Absent 18(23.4)
it Mild 26(33.8)
H%E Moderate 22(28.6)
J“H# Severe 11(14.2)
iR P9 CD3+ 1k B 240 i %5
CD3+TILs in TI 192.7:181.4
a3 21 2% CD3+3k B 41 i %
CD3+TILs in IM 188.9£150.6
Jilgg P CD8+tk 2 4 i %4
CD8+TILs in TI 178.8£135.3
a3 21 2% CD8+k B4 41 i %
CD8+TILs in IM 183.1£179.0
T3 18] 5 e Tumor—stroma ratio 0.53+0.27
TPV 53 (R MR
Immunoscore(High/Low) 29(37.7)/48(62.3)
W5 I 3 AR A7 DL (B T/A7 3 ) 31(40.3)/46(59.7)

Survival during follow—up(Death/Alive)

B 17 0 5 R (R 7 )

Relapse during follow—up(Yes/No) 51(66.2)/26(33.8)

T TILs, Mo B PRk EL AN ; PD-1, R8T PESE T2 321K 15
PD-L1, B P HEAET 32 R—FC A 1 TL i 3 s IML, i 0 2%
Note: El, Enneking Inappropriate; EA, Enneking Appropriate;
TILs, tumor—infiltrating lymphocytes; PD-1, programmed cell
death 1; PD-LI1, programmed cell death-1 ligand 1; TIL, tu-

mor interior; IM, invasive margin
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Figure 3 a Pearson’s correlation test of TSR data from
two reviewers b The Bland—Altman consistency analysis of

TSR data between the two reviewers
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Table 2 Association between LRFS and clinicopathological features of chordoma patients

AR 4 BT Z A
5ES P Univariate analysis Multivariate analysis
Factors Categories 7% Pl PfH AR 95% 1] {55 [X ]
X P value P value HR 95%CI
P51 B
Sex Male/Female 2.934 0.086
T <50/550 6.561 0.010 0.957 0966  0.275-3381
i ) <Sem/>Scm 0279 0.592
umor  size
2 AR/ 0 s ) A B I A
Wi i E. Sacrococcyx/Cervical or 0.004 0.951
Tumor location .
thoracic or lumbar vertebra
RHETE Kk JE/A
Preoperative recurrence Yes/No 0.955 0322
SR i) 24.586 <0.001 0.010 2995 1301~6.863
Surrounding muscle invasion Yes/No
Ji g 24531 /Mg
Gu;ade High/Low 0232 0.631
98/
H#é@]},ﬁ;ﬁ LA/ B/ A/ B/ 0.961 0.916
tage
A A
Typf]fzzi o A DI 16.471 <0.001 0.131 2075 0.581-5374
Ji 98 H il BT
Tumor hemorrhage Yes/No 4.030 0.045 0.469 1.483 0.509~4.338
Ji 98 IR 5E TCIE A S T
Tumor necrosis Absent/mild/moderate/severe 0.190 0.970
W Hifh//ﬁw 19.157 <0.001 0.006 3662 1.421-9.434
R Hi’h//ﬁw 7.040 0.008 0.011 3316 1.287-7.631

T ELAE S UIER  EA 18 2 DIBR s TSR, I 1] S5t 1t

Note: EI, Enneking inappropriate; EA, Enneking appropriate; TSR, tumor—stroma ratio
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Table 3 Association between OS and clinicopathological features of chordoma patients

(S ) Univariate analysis Multivariate analysis
Factors Categories Jr2 Pl Pl W I 059 1 {5 1 i
X P value P value HR 95%C1
7 B
Sex Male/Female 1.540 0.212
{1:33 <50/>50 1.459 0.224
R <Sem/>Sem 0.127 0.591
R {37 I e /20 e A i A
T HWFH{%%» Sacrococcyx/Cervical or 0.132 0.722
umor focation thoracic or lumbar vertebra
RuTE % BRI
Preoperative recurrence Yes/No 0.546 0.713
el PR 20000 7
Surrounding muscle invasion Yes/No 6.793 0.009 0.772 1.172 0.396~3.460
i35 25 531 [S7418
GE:ade High/Low 0.641 0.428
27 2
Hlpér%:gi’ﬂ 1A/ B/ITA/ITB/IM 22.303 <0.001 0.395 1.212 0.777~1.890
91 14
Typ:)]f/szgifs-tinn EI/EA 5.898 0.015 0.522 1.416 0.489~4.116
Jif g 1y JENER
Tumor lrrlnemorrhage Yes/No 0.319 0.575
Ji IR 5 T/ S
Tumor necrosis Absent/mild/moderate/severe 4.032 0.254
R Hi’lf,ﬁw 28.425 <0.001 0.011 3316 1287-7.631
P S/, -
In%nﬁ?;;jre Hi'?h//{Eow 24.481 <0.001 0.062 0.238 0.054~1.08

W LEL AE S0 ER  EA A S IBR TSR, Jib 8 18] 5 e

Note: EI, Enneking inappropriate; EA, Enneking appropriate; TSR, tumor—stroma ratio
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Figure 5 Association between TSR and IS. There was a

positive correlation between TSR and IS
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Figure 6 a Kaplan—Meier curves of LRFS stratified by the IS: patients with low IS were closely related to a worse
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