
Precision Clinical Medicine , 2024, 7 : 1–11 

DOI: 10.1093/pcmedi/pbae030 
Research Article 

Compar a ti v e analysis of tertiary lymphoid structures for 

predicting survival of colorectal cancer: a whole-slide 

images-based study 

Ming He, 1 ,2 ,‡ Huifen Ye, 2 , 3 , 4 ,‡ Liu Liu, 5 ,‡ Su Yao, 6 Zhenhui Li, 2 ,7 Xinjuan Fan, 8 , 9 , 10 Lili Feng, 11 Tong Tong, 3 ,4 Yanfen Cui, 2 ,12 

Xiaotang Yang, 12 Xiaomei W u, 13 Yun Mao, 5 , * Ke Zhao, 1 , 2 , 14 , * Zaiyi Liu 

1 ,2 , * 

1 Department of Radiology, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), Southern Medical University, Guangzhou 510080, 
China 
2 Guangdong Provincial Key Laboratory of Artificial Intelligence in Medical Image Analysis and Application, Guangzhou 510080, China 
3 Department of Radiology, Fudan University Shanghai Cancer Center, Shanghai 200032, China 
4 Department of Oncology, Shanghai Medical College, Fudan University, Shanghai 200032, China 
5 Department of Radiology, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400042, China 
6 Department of Pathology, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), Southern Medical University, Guangzhou 510080, 
China 
7 Department of Radiology, The Third Affiliated Hospital of Kunming Medical University, Yunnan Cancer Hospital, Yunnan Cancer Center, Kunming 650118, China 
8 Department of Pathology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China 
9 Henan Provincial Key Laboratory of Radiation Medicine , T he First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China 
10 Tianjian Laboratory of Advanced Biomedical Sciences, Zhengzhou University, Zhengzhou 450052, China 
11 Department of Radiology, Sun Yat-sen University Cancer Center, Guangzhou 510060, China 
12 Department of Radiology, Shanxi Cancer Hospital, Shanxi Medical University, Taiyuan 030013, China 
13 Department of Radiology, The Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou 510655, China 
14 Medical Research Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences, Guangzhou 510080, China 
∗Corresponding authors: Zaiyi Liu, liuzaiyi@gdph.org.cn ; Ke Zhao, zhaoke@gdph.org.cn ; Yun Mao, maoyun1979@163.com 

‡ Ming He, Huifen Ye, and Liu Liu contributed equally to this work. 

Abstract 
Backgr ound Tertiar y l ymphoid structur es (TLS) ar e major components in the imm une micr oenvir onment, corr elating with a fav ora b le 
pr ognosis in color ectal cancer. Howev er, the methods used to define and c har acterize TLS w ere not united, hindering its clinical 
application. This study aims to seek a more stable method to c har acterize TLS and clarify their pr ognostic v alue in larger multicenter 
cohorts. 

Methods A total of 1609 patients from four hospitals and The Cancer Genome Atlas database were analyzed. We quantified the 
number and maximum length of TLS along the invasive margin of tumor using hematoxylin and eosin-stained whole-slide images 
(WSIs). Additionally, the length of the invasive margin was determined to calculate the TLS density. The prognostic value of TLS for 
ov erall survi v al w as ev aluated. In addition, w e examined the association betw een TLS density and immune cell infiltr ation using 
imm unohistochemistr y-stained WSIs. The performance for predicting overall survival was measured using hazard ratios (HR) with 

95% confidence intervals (CI). 

Results Among the three TLS quantification methods, TLS density has the strongest discriminative performance. Survival analysis 
indicated that higher TLS density correlated with better overall survival [HR for high vs. low 0.57 (95% CI 0.42–0.78) in the primary 
cohort; 0.49 (0.35–0.69) in the validation cohort; 0.35 (0.18–0.67) in TCGA cohort]. A high TLS density was associated with a high level 
of CD3 + T cell infiltration. 

Conclusions Based on this comparati v e m ulticenter anal ysis, TLS density w as identified as a simple, robust, and effective immune 
pro gnostic inde x for colorectal cancer. 
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Introduction 

In colorectal cancer (CRC), intratumoral immune responses play 
a crucial role in controlling tumor progression [ 1 , 2 ]. Specifically,
the presence of immune infiltrates in tumor lesions is associated 

with a favorable prognosis. Mounting evidence suggests that the 
existence of T cells in the tumor par enc hyma is correlated with 

impr ov ed surviv al and r esponse to tr eatment [ 3 , 4 ]. A T cell-based 

cellular and molecular tumor pr ofile pr edicts surviv al better than 
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ither sur gical sta ging or histologic e v aluation for other risk fac-
ors [ 5 ]. Ho w e v er, in addition to intr atumor al imm une cells, the ac-
umulation of immune infiltrating cells in the tumor is similarly
ncr edibl y critical. Tertiary lymphoid structures (TLS) are such or-
anized a ggr egates of imm une cells that form in non-l ymphoid
issues under extensive and chronic stimulation, which are char- 
cterized by CD20 + B cell structur es surr ounded by CD3 + T cells
 2 , 6 ]. Similar to secondary lymphoid organs (SLO), TLS are es-
. published 18 October 2024 
hina School of Medicine & W est China Hospital of Sichuan Uni v ersity. This 
tribution-NonCommercial License 
 re-use, distribution, and r e pr oduction in any medium, pr ovided the original 
@oup.com 

mailto:liuzaiyi@gdph.org.cn
mailto:zhaoke@gdph.org.cn
mailto:maoyun1979@163.com
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2 | He et al. 

s  

o  

m  

c  

T  

a  

l  

m  

n  

e  

p  

m  

[
 

s  

a  

u  

t  

u  

c  

s  

v  

t  

o  

u  

r  

r  

c
 

s  

i  

r  

i

M
P
T  

b  

w  

i  

c  

i  

p  

m  

a  

h  

s  

s  

s  

o

W
F  

m  

g  

s  

f  

t  

l  

I  

[  

s  

t  

m  

c
 

i  

L  

L  

f  

r  

T  

fi  

o  

b  

i  

T  

a  

d  

t  

a  

t  

v  

i  

(  

T
 

(  

s  

s  

a

C
T  

l  

f  

C  

t  

a  

t  

r  

C  

o  

(  

s
T  

r  

o

S
R  

a  

a  

o  

h  

w  

i  

w  

w  

l  

s

ential not only for the induction but also for the maintenance
f imm une r esponses [ 2 ]. TLS ar e belie v ed to sustain the antitu-
or response in solid malignancies as the presence of TLS in the

ontext of cancer has been linked with a good prognosis [ 7–10 ].
LS density as well as the presence of their components, such
s T follicular helper cells, follicular B cells, and high endothe-
ial venules , ha ve been shown to correlate with better survival in

an y differ ent tumor types [ 11–13 ]. Additionall y, giv en the sig-
ificance of TLS in imm unity, r ecent studies hav e also pr esented
vidence for the predictive value of its response to immune check-
oint blockade (ICB). In patients treated with ICBs, the de v elop-
ent of TLS is often associated with impr ov ed tr eatment r esponse

 14 , 15 ]. 
Although the prognostic and predictive role of TLS has been

uggested in many studies of CRC, the methods used to define
nd c har acterize TLS hav e often v aried. Most pr e vious studies
sed hematoxylin and eosin (HE)-stained slides for TLS e v alua-
ion. Graham and Appelman first proposed a qualitative TLS eval-
ation method, the G–A method [ 16 ]. Based on the G–A method,
ounting the number of lymphoid aggregates (LAs), size-based as-
essment of LAs, and TLS density measurements have been de-
eloped [ 17–20 ]. Ho w ever, different approaches make it difficult
o dir ectl y compar e the v alue of TLS, hindering the intr oduction
f TLS e v aluation in clinical w ork. A standar d and stable method
sed in pathology laboratories is needed to enable uniform and
 eliable quantitativ e detection of TLS in samples, ther eby further
 e v ealing their pr edictiv e and prognostic value in CRC, which is
rucial for clinical application. 

In this study, we e v aluated TLS using thr ee methods in HE-
tained whole-slide images (WSIs), and validated and compared
ts prognostic value in large multicenter cohorts, to seek a more
eliable and stable method to c har acterize TLS and clarify its role
n CRC, and to accelerate its clinical application. 

ethods 

atient cohorts 

his study was ethically approved by the institutional review
oards of the four hospitals involved and informed consent was
aived because of its retrospective nature . T hree cohorts , includ-

ng a primary, a validation, and The Cancer Genome Atlas (TCGA)
ohort, wer e enr olled. Details of the cohort’s composition and the
nclusion and exclusion criteria are provided in the online sup-
lementary materials. Patients information including age, sex, tu-
or location, car cinoembry onic antigen (CEA) le v el (normal or

bnormal using the cutoff value of 5 μg/L), tumor grade (low or
igh), Tumor-Node-Metastasis (TNM) sta ge, and micr osatellite in-
tability (MSI) status were collected. The clinical endpoint of this
tudy was ov er all surviv al (OS). Micr osatellite status and consen-
us molecular subtype (CMS) classifications are provided in the
nline supplementary materials. 

SI acquisition and TLS assessment 
or CRC patients from the primary and validation cohorts, the
ost inv asiv e part of the primary tumor w as selected b y patholo-

ists from each center for HE and immunohistochemistry (IHC)
taining. One tissue paraffin section of 4–5 μm was selected
or HE staining for all the patients. In a subgroup of all pa-
ients, another two consecutive tissue paraffin sections were se-
ected for IHC staining (CD3 + and CD8 + ). The details of the
HC staining pr ocedur es wer e illustr ated in our pr e vious study
 21 ]. The pr ocedur e of WSI acquisition is giv en in the online
upplementary materials. All slides were manually reviewed by
wo pathologists, and slides without inv asiv e mar gin (IM) of tu-

or determined were excluded for analysis b y tw o pathologists’
onsensus. 

Three quantification methods of TLS wer e e v aluated, includ-
ng counting the number of LAs ( ≥3), sized-based assessment of
As ( ≥1 mm), and the density of TLS (defined as the number of
As divided by the length of IM). T he in v asiv e fr ont is the inter-
ace area between the tumor tissue and the normal tissue and is
egarded as the region that manifests tumor a ggr essiv eness [ 22 ].
o be specific, an a ggr egation of l ymphocytes ≥100 μm was de-
ned as an LA [ 18 ]. Mucosa-associated lymphoid tissue and parts
f small lymph nodes were not evaluated as LAs . T he total num-
er of LAs ( ≥3) observed on the HE-stained WSIs lining the tumor

nv asiv e fr ont wer e r ecorded, as described by Buc k owitz et al . [ 17 ].
he largest LA in each patient was identified and its maximum di-
meter ( ≥1 mm) was recorded, as described by Ueno et al . [ 18 ]. The
ensity of the TLS was defined as the number of LAs divided by
he length of the IM, as described by Väyrynen et al . [ 19 ]. We used
 computer-assisted method to annotate LAs and the line of the
umor inv asiv e fr ont in WSIs. A digital slide vie wer (Ima geScope
12.4.3, Leica, USA) was used to view and annotate WSIs, generat-
ng xml files for processing. In-house software based on MATLAB
R2020a, MathWorks, USA) was used to automaticall y extr act the
LS information. 

For the inter-observer agreement evaluation, two annotators
M.H. and S.Y.), who were blinded to each other’s e v aluation r e-
ults and patient information, quantified the TLS for a r andoml y
elected 100 patients from the primary cohort. Then one of the
nnotators (M.H.) assessed the TLS for all the patients. 

D3 

+ and CD8 

+ T cell density calculation 

o explore the relationship between TLS and tumor-infiltrating
ymphoc ytes, w e used an artificial intelligence (AI)-based method
or image processing on WSIs to quantify the density of CD3 + and
D8 + T cells in the core of the tumor (CT) and the IM regions. At

he tissue le v el, we used a deep learning model to extract tumor
nd normal tissue regions . T he tumor tissue region is defined as
he CT region and the IM region. At the cell le v el, we used algo-
ithms such as super-pixel and watershed to segment CD3 + and
D8 + T cells within the CT or IM. Finally, we obtained six densities
f immune cells: CD3-CT (CD3 + T cells in the CT region), CD3-IM
CD3 + T cells in the IM region), CD3 (CD3 + T cells in the tumor tis-
ue region), CD8-CT (CD8 + T cells in the CT region), CD8-IM (CD8 + 

 cells in the IM region), and CD8 (CD8 + T cells in the tumor tissue
egion). Details of the AI-based imaging process are presented in
ur pr e vious study [ 21 ]. 

ta tistical anal ysis 

 softw are (v4.1.2) w as used for statistical analysis. Fisher’s ex-
ct test was performed for comparison of categorical variables
nd Student’s t test was performed for comparison of continu-
us v ariables. Inter-observ er a gr eement was e v aluated using a Co-
en’s kappa coefficient with equal weights. Kaplan–Meier analysis
ith log-rank test was performed for survival differences compar-

son. The associations between OS and variables were evaluated
ith m ultiv ariable Cox r egr ession models using a stepwise for-
 ar d method, with P < 0.05 as the entry point, for variable se-

ection. A two-sided P value < 0.05 was considered statistically
ignificant. 
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Results 

Pa tient char acteristics and TLS quantifica tion 

T he o v er all w orkflo w of this study is present in Fig. 1 . A total of
1609 CRC patients were enrolled in this retrospective study. There 
were 545 (mean age 63.2 ± 12.5 years), 888 (61.0 ± 12.9), and 176 
(65.4 ± 12.4) patients in the primary, validation, and TCGA cohorts,
r espectiv el y. The details of the clinical c har acteristics of the pa- 
tients in the three cohorts are presented in supplementary Table 
S1, see online supplementary material . The median follow-up of 
surviv ors w as 6.5 (interquartile range 5.5–8.6) y ears in the primary,
4.0 (3.0–5.1) years in the validation, and 2.2 (1.4–4.7) years in TCGA 

cohort. Supplementary Figure S1 shows the distribution char- 
acteristics of different evaluation methods (TLS number, tumor 
IM length, TLS max length, and TLS density) of TLS in different 
centers ( supplementary Fig. S1, see online supplementary 
material ). 

Supplementary Fig. S2 (see online supplementary material) il- 
lustrates examples of TLS in the invasive front. For TLS density,
patients were grouped as low and high TLS density according 
to the cut-off value of 0.28 foliciles/mm determined in the pri- 
mary cohort ( supplementary Fig. S3, see online supplementary 
material ), using maximally selected rank statistics. In the primary 
cohort, 299 (54.9%) patients were classified as the high TLS den- 
sity group, 553 (62.3%) patients were classified as high TLS density 
in the validation cohort, and the high TLS group consisted of 114 
(64.8%) patients in TCGA cohort. Clinical and histopathological 
variables for the three cohorts with high and low TLS density are 
presented in supplementary Table S2, see online supplementary 
material . 

Inter-observer agreement analysis 

Figure 2 shows the results of consistency analysis of 100 patients 
with CRC r andoml y selected fr om the primary cohort. Figur e 2 A 

provides a detailed comparison of the results from two patholo- 
gists who e v aluated 100 CRC patients using three TLS assessment 
methods, including density, number, and maximum length. All 
three quantification methods of TLS had good to excellent a gr ee- 
ment (kappa values were 0.76 for TLS density, 0.89 for TLS number,
and 0.76 for TLS max length, r espectiv el y). We also observed that 
although the number of cases misclassified by TLS number and 

TLS max length was r elativ el y small, these two methods classi- 
fied more cases into the TLS low group. 

Prognostic value of TLS 

For TLS density, patients were grouped as low and high TLS den- 
sity according to the cut-off value of 0.28 foliciles/mm deter- 
mined in the primary cohort ( supplementary Fig. S3, see online 
supplementary material ), using maximally selected rank statis- 
tics. High TLS density was associated with favorable OS in the 
three cohorts (all P < 0.05, Fig. 3 ). With TLS density increased,
the 5-year OS rates increased from 69.4% in the TLS density low 

group to 81.2% in the TLS density high group in the primary co- 
hort. Similar trends were observed in the validation cohort (70.7–
85.5%) and TCGA cohort (44.0–80.2%). Unadjusted hazard ratio 
(HR) for high vs. low in the primary, validation, and TCGA cohorts 
was 0.57 [95% confidence interval (CI) 0.42–0.78, P < 0.001], 0.49 
(0.35–0.69, P < 0.001), and 0.35 (0.18–0.67, P = 0.002), r espectiv el y 
(Table 1 ). 

Ho w e v er, as to the pr ognostic v alue of the TLS number and TLS 
maximum length, inconsistent results were observed among the 
three cohorts, as presented in Table 1 and supplementary Fig. S4 ,
ee online supplementary material. For TLS number, > 3 LAs was
ssociated with favorable OS (primary cohort, P = 0.026; valida-
ion cohort, P = 0.0001, supplementary Fig. S4 A, C). Ho w e v er, TLS
umber had no statistically significant impact on OS in TCGA co-
ort (P = 0.100, Supplementary Fig. S4 E). TLS maximum length
 1 mm was associated with unfavorable OS in the validation
ohort ( P = 0.022, supplementary Fig. S4 D), while the difference
as no longer present in the primary and TCGA cohorts ( P > 0.05,

upplementary Fig. S4 B, F). 

LS density as an independent prognostic factor 
or OS 

e performed univariate analyses on age , sex, stage , location, CEA
e v el, gr ade, TLS density, TLS number, and TLS maximum length.
n uni variate Co x anal yses, c har acteristics that r eac hed signifi-
ance for OS were age , TNM stage , CEA level, TLS density, and
LS number (Table 1 , all P < 0.05) in the primary cohort. In the
 ultiv ariate anal ysis in the thr ee cohorts, TLS density was still

elated to OS, independent of age and TNM stage [primary cohort:
djusted HR for high vs. low 0.57 (95% CI 0.41–0.80), P = 0.001;
alidation cohort: 0.60 (0.42–0.86), 0.006; TCGA cohort: 0.35 (0.18–
.68), 0.002; Table 1 ]. 

To e v aluate the added pr ognostic v alue of TLS density, we de-
 eloped fiv e Co x models: TLS density, TLS n umber, TLS maximum
ength, stage, and stage + TLS density ( supplementary Table S3 ,
ee online supplementary material). We observed that the prog- 
ostic performance of TLS density [C-index: 0.568 (95% CI 0.529–
.608) in the primary cohort] is better than that of TLS num-
er [0.542 (0.503–0.581)] and TLS maximum length [0.516 (0.489–
.544)] in the primary cohort. Similar trends were found in the
alidation and TCGA cohorts . Besides , the C-index of a combina-
ion of TLS density with stage was better than that of stage alone
n all three cohorts (0.673 vs. 0.653 in the primary cohort, 0.669 vs.
.632 in the validation cohort, and 0.692 vs. 0.670 in TCGA cohort),
s shown in supplementary Table S3 . 

urviv al anal ysis of TLS density str a tified with 

NM stage 

n the subgroup analysis, TLS density remained an independent 
redictor for OS in stages I, II and IV CRC when stratified with
NM stage ( P < 0.05; Fig. 4 ). Ho w ever, TLS density did not show
 significant difference on prognosis stratified by stage III for OS
 P > 0.05; Fig. 4 C). 

ssocia tion betw een CD3 

+ and CD8 

+ T cell 
ensity with TLS density 

 total of 476 patients’ samples with consecutive sections stained
ith HE and IHC wer e av ailable for inclusion in the analysis of
D3 + and CD8 + T cell density (Fig. 5 A). TLS density was positiv el y
orrelated with CD3 + and CD8 + density, and all the correlation
oefficients were < 0.33 ( supplementary Fig. S5 A, see online sup-
lementary material). The high TLS density group had a signifi-
antly higher density of CD3 + T cells in the tumor center (CD3-
T), infiltr ation mar gin (CD3-IM), and whole density of CD3 + and
D8 + T cells (all P < 0.05, Fig. 5 C, D and supplementary Fig. S5 B).
upplementary Fig. S6, see online supplementary material, illus- 
r ates r epr esentativ e IHC and segmentation images comparing
D3 + and CD8 + T cell density at CT and IM between the low and
igh TLS density groups. Ho w ever, no significant difference was
bserved in the density of CD8 + cells in the tumor center (CD8-
T) or in the infiltr ativ e mar gin (CD8-IM) between the high and

ow TLS density groups. Together, these data indicate that high

https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
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https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
https://academic.oup.com/pcm/article-lookup/doi/10.1093/pcmedi/pbae030#supplementary-data
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(A) (B) 

(C) (D) 

F igure 1. Workflo w of the study. ( A ) Cohort composition. ( B ) TLS annotation. ( C ) TLS objective evaluation. ( D ) Survival analysis. TLS, tertiary lymphoid 
structure. 

Table 1. Univariate and multivariate analyses of clinicopathological features and overall survival in whole series (N = 1609). 

Variable Levels Primary cohort Validation cohort TCGA cohort 
HR (95% CI) P HR (95% CI) P HR (95% CI) P 

Univ aria te anal ysis with Cox model 
Age 1.02 (1.01–1.04) < 0 .001 1.03 (1.01–1.04) < 0 .001 1.04 (1.01–1.07) 0 .008 
Sex F emale vs . male 0.92 (0.67–1.27) 0 .63 1.03 (0.73–1.45) 0 .853 0.63 (0.33–1.22) 0 .17 
Grade Low vs. high 1.44 (0.91–2.27) 0 .12 0.52 (0.36–0.73) < 0 .001 NA NA 

Location Rectum vs. colon 0.97 (0.71–1.33) 0 .9 1.50 (1.05–2.15) 0 .025 1.24 (0.44–3.53) 0 .682 
Stage II vs. I 2.28 (1.03–5.07) 0 .043 1.87 (0.67–5.15) 0 .2 0.92 (0.25–3.38) 0 .899 

III vs. I 5.61 (2.61–12.1) < 0 .001 4.97 (1.82–13.6) 0 .002 1.92 (0.55–6.67) 0 .302 
IV vs. I 8.19 (2.97–22.6) < 0 .001 NA NA 3.84 (1.04–14.3) 0 .044 

CEA Abnormal vs. 
normal 

2.41 (1.75–3.32) < 0 .001 2.05 (1.45–2.89) < 0 .001 1.93 (0.71–5.22) 0 .195 

TLS density High vs. low 0.57 (0.42–0.78) < 0 .001 0.49 (0.35–0.69) < 0 .001 0.35 (0.18–0.67) 0 .002 
TLS number > 3 vs. ≤3 0.70 (0.51–0.96) 0 .027 0.50 (0.35–0.72) < 0 .001 0.59 (0.31–1.12) 0 .105 
TLS max 
length 

> 1 mm vs. ≤1mm 0.73 (0.45–1.19) 0 .204 0.48 (0.25–0.91) < 0 .001 0.41 (0.16–1.07) 0 .068 

Multiv aria te anal ysis with Cox model 
Age 1.02 (1.01–1.04) 0 .003 1.03 (1.01–1.04) < 0 .001 1.06 (1.02–1.09) 0 .001 
Grade Low vs. high NA NA 0.57 (0.39–0.83) 0 .004 NA NA 

Location Rectum vs. colon NA NA 2.02 (1.36–3.03) 0 .001 NA NA 

Stage II vs. I 2.90 (1.14–7.35) 0 .025 1.83 (0.65–5.14) 0 .249 0.99 (0.26–3.75) 0 .991 
III vs. I 5.96 (2.41–14.7) < 0 .001 3.86 (1.38–10.8) 0 .01 3.36 (0.94–12.0) 0 .062 
IV vs. I 10.6 (3.39–33.3) < 0 .001 NA NA 5.62 (1.49–21.2) 0 .011 

CEA Abnormal vs. 
normal 

1.98 (1.43–2.74) < 0 .001 1.93 (1.35–2.77) < 0 .001 NA NA 

TLS density High vs. low 0.57 (0.41–0.80) 0 .001 0.60 (0.42–0.86) 0 .006 0.35 (0.18–0.68) 0 .002 

NA, Not a vailable . P -values < 0.05 are shown in bold. CEA, carcinoembryonic antigen; TLS, tertiary lymphoid structure. 
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LS density is associated with significantly more T cell infiltration
n CRC patients. 

P atients with av ailable CD3-stained WSIs wer e binarized as
ow and high groups using the median value of density (849.96
umber/mm 

2 ) as the cut-off, and the same process was also done
or CD8 using the threshold of 411.94 number/mm 

2 . According to
he combination of TLS density and CD3 + T cell density, patients
er e str atified into four subgroups: low TLS density & low CD3 + 

ensity, low TLS density & high CD3 + density, high TLS density
 low CD3 + density, high TLS density & high CD3 + density. Sur-
iv al curv es of the four gr oups ar e plotted in Fig. 5 E. Kaplan–Meier
urves show that in the low CD3 + density subgroup, patients with
igh TLS density have a better OS than patients with low TLS den-
ity ( P = 0.001). As presented in Fig. 5 F, we also found that in both
igh and low CD8 + density subgroups, the category with higher
LS density had a significantly better OS ( P = 0.015 and 0.012 re-
pectiv el y; Fig. 5 F). 
orrelation with MSI and CMS subtype 

SI status was detected in 50 (9.2%) cases in the primary, 49 (5.5%)
n the validation, and 15 (8.5%) in the TCGA cohort. The percent-
ges of MSI were significantly higher in cases having high TLS den-
ity compared with cases having low TLS density in the primary
ohort (17.4 vs. 7.4%, P = 0.005; Fig. 6 A), which is not the case in
he TCGA (14.6 vs. 6.3%, P = 0.246) or validation (12.2 vs. 11.6%,
 = 0.98) cohort. CMS classification could be obtained in 99 out
f 176 specimens available in TCGA cohort. Frequencies for the
vailable samples were as follows: CMS1 (11.1%), CMS2 (29.3%),
MS3 (21.2%), and CMS4 (38.4%). The pattern of CMS distribution
 as different betw een high TLS density (N = 61) and low TLS den-

ity (N = 38) groups. While there were comparable frequencies
f CMS2 (27.0 vs. 35.0%), CMS3 (22.2 vs. 17.5%), and CMS4 (36.5
s. 40.0%), noticeable difference of frequencies was observed with
egard to CMS1 (14.3 vs. 7.5%; Fig. 6 D, E). 
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Discussion 

TLS are important components of the local micr oenvir onment for 
cellular and humor al imm une r esponses a gainst tumor cells and 

have been recognized as indicators of a favorable outcome in al- 
most all solid cancers. Ho w e v er, the methods used to define and 

c har acterize TLS wer e not unified, hindering clinical a pplication.
In this study, multicenter data based on a large sample of CRC 

patients provides compelling evidence that TLS density pr ov ed to 
be an independent prognostic biomarker and outperformed the 
other methods. 

To accelerate the clinical translation of TLS, an objective and 

r obust tec hnique for its pr esentation was r equir ed. WSIs ar e 
curr entl y booming in popularity and advances, and considerable 
information from HE-stained slides has been quantified for many 
years through digital pathology [ 23 ]. The panoramic preview 

function of WSIs can display the whole lesion, avoiding the defect 
that only part of the slice could be observed under an ordinary 
e  
icr oscope. Additionall y, post-pr ocessing suc h as quantitativ e
nalysis and labeling of slices can be achieved. Based on the above
dv anta ges, WSIs wer e used to annotate TLS. Besides, although
he application of IHC, chromogen, or immunofluorescence is 
pecific and sensitive for reliable identification of TLS [ 24 ], TLS
etected by IHC r epr esent onl y a subset of all the TLS which
ould also be identified on HE-stained slides [ 25 , 26 ]. T hus , we
sed a computer-assisted w orkflo w method to quantify TLS on
E-stained WSIs in this study. HE-stained WSIs could identify,

ecord, and quantify TLS with higher accuracy, multi-view, and 

eamlessness, so the e v aluation of TLS is more comprehensive
nd objective, and the results are easier to repeat, which is more
onduciv e to pr ogr am automation. Ther efor e, we speculate that
he quantification of TLS on HE-stained WSIs could be better 
pplied to clinical practice. 

In stratified analysis of TNM stage, TLS density was thought to
e a valuable marker of prognosis in stage II CRC, but not differ-
nt in stage III, which may suggest that TLS was not associated
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Figure 5. Corr elation anal ysis and surviv al anal ysis of CD3 + and CD8 + T cells density and TLS density. ( A ) Consecutive sections. ( B ) Re presentati ve 
staining and segmentation images of CD3 + and CD8 + T cells. ( C , D ) Correlation of TLS density with CD3 + , CD8 + T cells. ( E ) Kaplan–Meier plots 
according to TLS density and CD3 + T cells density. ( F ) Kaplan–Meier plots according to TLS density and CD8 + T cells density. TLS, tertiary lymphoid 
structure; HE, hematoxylin and eosin; IHC, imm unohistoc hemistry; CT, cor e of tumor; IM, inv asiv e mar gin. 
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(E)(D)

(C)(B)(A)

Figure 6. Distribution of MSI, MSS, and CMS in the three cohorts with high and low TLS density. Proportion of MSI and MSS status in the primary 
cohort (A), validation cohort (B), and TCGA cohort (C). Proportion of CMS among TCGA patients (D, E), stratified by TLS density. MSI, microsatellite 
instability; MSS, microsatellite stable; CMS, consensus molecular subtype; TLS, tertiary lymphoid structure. 
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with the prognosis of node-positive CRC. The results were consis- 
tent with pr e vious studies [ 27 ]. In our study, patients with high 

TLS density had a favorable prognosis in stage II, indicating that 
the antitumor effect of immune infiltration was relevant in early 
stage CRC. The following interpretations may be related. T and B 

cells within TLS may shorten the time r equir ed to gener ate im- 
m une r esponses b y b ypassing the need for lymphoc yte tr affic k- 
ing to and from SLO [ 28 ]. Meanwhile, because of the proximity of 
TLS to the tumor, lymphocytes may be more likely to encounter 
cognate antigens, which may facilitate induction of a stronger or 
br oader imm une r esponse [ 2 ]. Ho w e v er, the pr ognostic v alue did
not occur in stage III CRC, possibly because lymph node metas- 
tases resist T cell-mediated cytotoxicity, induce antigen-specific 
regulatory T cells, and generate tumor-specific immune tolerance 
that subsequently facilitates distant tumor colonization [ 29 ], or 
the degree of malignancy and invasion increases with metastasis,
limiting the effect of TLS [ 30 ]. Ov er all, these factors weaken the 
immune effect produced by TLS and have a reduced impact on 

the prognosis of stage III CRC patients. 
Recent studies describing the pr ognostic v alue of TLS in can- 

cer hav e ar oused inter est in TLS as a potential means of predict- 
ing ICB response [ 31 , 32 ]. MSI status correlated with TLS density 
and TLS wer e significantl y mor e pr e v alent in MSI-high (MSI-H) 
CRC [ 33–35 ]. Pr esentl y, man y studies have confirmed that ICB was 
effective in MSI-H CRC. Genetic and epigenetic defects, such as 
SI-H, could lead to somatic m utation, incr ease susceptibility to
CB, and induce the imm une esca pe mec hanism of tumor cells,
hich in turn affects ICB response [ 36 , 37 ]. The development of
LS was associated with an impr ov ed tr eatment r esponse in pa-

ients treated with immune checkpoint inhibitors . T herefore , we
peculate that TLS could also predict ICB responses [ 38 , 39 ]. In
his study, we found that MSI status correlated with TLS density,
hich was consistent with previous studies [ 33–35 ]. Currently, our
 esearc h findings hav e not dir ectl y assessed the r elationship be-
ween TLS and ICB response, but rather provide a potential link.
n the future, we plan to explore the potential pr edictiv e v alue of
LS for ICB response in CRC patients using IHC or multiplex im-
 unofluor escence tec hniques. 
In brief, as to the relationship of TLS with other predictive

nd/or prognostic biomarkers, high TLS density is positiv el y corr e-
ated with mismatch repair deficiency and high peritumoral and 

ntr atumor al densities of T cells, suggesting an important role
or TLS in ada ptiv e antitumor imm unity. TLS density may shed
ight on personalized treatment for CRCs. Substantial differences 
n clinicopathological features were observed among the primary,
alidation, and TCGA cohorts. Ho w ever, the TLS density-based
lassifier proposed in this study is of value in stratifying patient
r ognosis acr oss all thr ee cohorts . T his result indicates that the
r ognostic v alue of TLS density can hold up in real-world clinical
ettings. 
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Despite the considerable strengths of our study, the study has
e v er al limitations. One major weakness is that it is a r etr ospec-
i ve stud y. Second, we quantified the TLS but did not make a
istinction among different subtypes of all the TLS described by
osc h et al . pr e viousl y [ 33 ]. A futur e study is needed to quan-
ify TLS of different subtypes . T hird, longitudinal analysis of TLS
an r e v eal c hanges in density and composition ov er time, shed-
ing light on their role in treatment response. Ho w ever, for rectal
ancer patients undergoing direct surgery, only biopsy and surgi-
al specimens are a vailable . Specifically, the biopsy samples pro-
ide insufficient range for an effective assessment of TLS. Con-
equentl y, our r esearc h did not explor e these tempor al c hanges,
ighlighting a notable limitation of the study . Finally , our current
 esearc h was still based on manual e v aluation. At pr esent, with
he help of AI, many other studies have also performed well [ 40 ,
1 ]. In future w ork, w e hope to use AI to achieve automatic iden-
ification and analysis of TLS. 

In conclusion, based on this compr ehensiv e m ulticenter anal-
sis, TLS density was identified as a simple, robust, and effective
mmune index for resected CRC patients, with potential value in
efining risk stratification in clinical practice. 
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