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Abstract

Tertiary lymphoid structures (TLSs) are considered to have a good prognosis in multiple solid tumors. However,
the prognostic value of TLS in esophageal squamous cell carcinoma (ESCC) is unknown. In this study, we retro-
spectively enrolled 185 ESCC patients who underwent surgical resection. Hematoxylin and eosin staining was
performed to investigate the presence, the abundance, the maturation, and the location of TLSs. We explored the
cellular composition of TLSs using traditional immunohistochemistry in serial sections. The prognostic value of
TLSs was investigated by univariate and multivariate analyses. A nomogram was constructed to predict the prog-
nosis. TLS-positive tumors were infiltrated with more CD45™ leukocytes, CD20™ B cells, CD4™ and CD8™ T cells,
and CD11c¢™ dendritic cells (DCs) compared with negative tumors. Kaplan-Meier curves showed that the pres-
ence and the abundance of TLSs were associated with longer disease-free survival (DFS) (p = 0.0130) and overall
survival (0S) (p = 0.0164). In addition, patients with tumors containing more CD20™" B cell infiltration had lon-
ger DFS (p = 0.0105) and OS (p = 0.0341). Multivariate analyses demonstrated that the presence of TLSs was
an independent prognostic factor for DFS (hazard ratio [HR] = 0.384, p < 0.001) and OS (HR = 0.293,
p < 0.001). The nomogram that integrated the tumor stage, histologic grade, and TLS presence had higher prog-
nostic accuracy. Our study suggests that ESCC-related TLSs can be used as a new biomarker for the prognosis of
ESCC patients, and further understanding of their formation and mechanism of induction can provide a possible
direction and target for immunotherapy of ESCC.
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Introduction squamous cell carcinoma (ESCC), which has a particu-

larly high incidence in Eastern Asia and in Eastern
Esophageal cancer is the seventh most common cancer  and Southern Africa [1]. Clinical outcomes of ESCC
and sixth leading cause of cancer-related mortality  remain poor, despite advances in surgical treatments
worldwide; the major histologic subtype is esophageal  over the past few decades [2]. Recently, patients with
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advanced or metastatic ESCC who received
camrelizumab (an anti-programmed death receptor
1 [PD-1] antibody) added to chemotherapy were
shown to have significantly improved overall survival
(OS) and progression-free survival, compared with
placebo and chemotherapy [3], which revolutionized
the treatment of ESCC. The success of immunotherapy
in ESCC underscores the need to better understand the
tumor microenvironment that leads to effective anti-
tumor response. T cells have been considered the
major immune cells able to induce tumor regression;
however, recent publications focused on tertiary lym-
phoid structures (TLSs) have indicated that they may
also play a prominent role in immunotherapy [4].

TLSs are ectopic lymphoid structures that develop in
inflamed tissues, such as in chronic infections, autoim-
mune diseases, and cancers, and are important elements
of the tumor-immune microenvironment [5]. In addition
to T cells, TLSs are mainly composed of B cells and fol-
licular dendritic cells (FDCs), fibroblast reticular cells,
stromal cells, dendritic cells, neutrophils, macrophages,
and endothelial cells. FDCs are usually located in the
center of B cells and express various receptors that facili-
tate antigen presentation to B cells; they also promote
the expression of highly active antibodies by B cells [6].
The composition of TLSs can synergistically improve
the immune response of the body and promote the kill-
ing of tumors, but some of the high-depletion molecules,
such as PDL1, Treg cells, and myeloid-derived suppres-
sor cells, can also inhibit immunity to varying degree.
TLSs predict favorable prognosis in most solid cancers,
including pancreatic cancer [7], colorectal cancer [§],
and gastrointestinal stromal tumors [9]. However, there
were very few studies on ESCC addressing the prognos-
tic and predictive values of TLS and it is not clear
whether TLSs could furnish additional value in
predicting the survival of ESCC patients.

In this study, we evaluated the presence, abundance,
maturation, and location of TLSs in a cohort of
185 patients with primary ESCC treated by surgical
resection. These were randomly divided into a discovery
cohort with 122 patients and a validation cohort with
63 patients. Here, we aimed to study the prognostic sig-
nificance of TLSs in ESCC and explore their association
with tumor-infiltrating immune cells in this tumor type.

Materials and methods

Patients and samples

A total of 185 patients who underwent surgical re-
section and histopathologic diagnosis for ESCC at The
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Affiliated Cancer Hospital of Nanjing Medical Univer-
sity between January 2017 and December 2018 were
included. The patients’ inclusion criteria were as fol-
lows: (1) pathologically diagnosed as primary ESCC;
(2) no chemotherapy or radiotherapy performed before
surgery; (3) sufficient preservation of the paraffin-fixed
tissue, with clear structure; and (4) the presence of a
complete medical treatment record and follow-up
information, with a follow-up time longer than 2 years.
For all patients, pathologic stages were defined
according to the eighth edition of the American Joint
Committee on Cancer (AJCC) cancer staging manual
using the available clinical and pathologic tumor,
node, and metastasis data. Patient information, includ-
ing age and gender, and clinicopathologic characteris-
tics, such as tumor size and histologic grade, were also
collected. Disease-free survival (DFS) was defined as
the time from the date of surgery to the date of recur-
rence. OS was defined as the time from the date of
surgery to the date of either death or the last follow-
up. All patients were randomly divided into a discov-
ery cohort (n = 122) and a validation cohort (n = 63).
The study was approved by the Ethics Committee of
The Affiliated Cancer Hospital of Nanjing Medical
University. Samples were obtained from biobank of
Jiangsu Cancer Hospital (Jiangsu Institute of Cancer
Research & The Affiliated Cancer Hospital of Nanjing
Medical University). All patients had signed informed
consent for donating their samples.

H&E staining

The paraffin-embedded human ESCC tissue specimens
were cut into S-pm serial sections. The sections were
dewaxed and rehydrated with xylene and ethanol,
respectively, followed by staining with hematoxylin
for 5 min and 1% acid ethanol for 3 s. The sections
were then rinsed in distilled water and stained with
eosin for 3 min. Dehydration and hyalinization were
then subsequently performed. Sections were visualized
using a light microscope (Nikon, Tokyo, Japan).

IHC staining

The formalin-fixed paraffin-embedded ESCC tissue
specimens were cut as serial 5-pm sections. The sec-
tions were deparaffinized in xylene and hydrated
through an ethanol series. The sections were then
boiled for 5 min in citrate buffer (pH 6.0) and left to
cool in order to retrieve epitopes. After quenching
endogenous peroxidase with 3% hydrogen peroxide
for 15 min, nonspecific binding was blocked by incu-
bating the sections in 10% horse serum, followed by
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incubation with primary antibodies at 4 °C overnight.
The sections were then rinsed and incubated with
appropriate biotinylated secondary antibodies for
30 min at 37 °C, and then rinsed again and incubated
with peroxidase-conjugated streptavidin for 30 min at
37 °C. Finally, the sections were reacted with dia-
minobenzidine solution for 5 min, followed by
counterstaining with hematoxylin. The sections were
viewed and photographed with a light microscope
(Nikon). Immunohistochemistry (IHC) was performed
to detect CD45, CD20, CD4, CD8, CDl1c, and CD68
expression in patient samples using a standard proto-
col. The antibodies and conditions used in IHC are
summarized in supplementary material, Table S1.

Evaluation of TLS and IHC

TLSs are organized aggregates of immune cells that
form postnatally in non-lymphoid tissues and arise in
the context of chronic inflammation, such as in autoim-
mune disease, chronic infection, and cancer [10]. On
hematoxylin and eosin (H&E)-stained slides, TLSs
were identified morphologically as distinct ovoid lym-
phocytic aggregates containing high endothelial venules
and/or a germinal center [11]. The presence, abundance,
location, and subtypes of TLS were assessed on H&E-
stained slides, which were reviewed by two indepen-
dent pathologists without any clinical information about
the patient. Where the assessment was controversial, a
third pathological reviewer was involved in a discussion
to resolve differences. Before screening the H&E-
stained slides, the two pathologists agreed on the defini-
tion and classification of TLSs, and most of the results
were consistent. TLSs were evaluated on whole H&E
sections in all the available tumor blocks of each
patient. The maximum number of TLSs was selected to
define the TLS abundance of the patient [12]. After all
TLSs were marked by the pathologist, Xing Huang and
Jifan Wang recorded and counted all TLSs in the entire
pathological section. After counting and analyzing the
TLS abundance of all patients, we defined the TLS-high
group as the abundance of TLS more than median
4 and TLS-low group as less than or equal to median
4 [13]. Among the tumors with more than one TLS, we
used the maximum number of mature TLSs to catego-
rize the tumor. We defined the location with the greatest
number of TLSs as the location of TLSs for this patient.
We first performed H&E staining to assess the presence
of TLSs in ESCC specimens. Then, TLSs observed
around the tumor tissue or in the peritumoral area were
defined as peritumoral TLS (supplementary material,
Figure S1A) and TLSs within the tumor tissue were
defined as intratumoral TLS (supplementary material,
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Figure S1B). Tumor-infiltrating TLS were divided into
three categories according to the morphology deter-
mined by H&E staining; (1) TLS aggregates (AGG):
small, quasi-circular  clusters of lymphocytes
(Figure 1A); (2) TLS follicles 1 (FL-I): large clusters
without germinal center formation (Figure 1B); and
(3) TLS follicles 2 (FL-II): large clusters with germinal
center formation (Figure 1C). In serial sections, the per-
centage of staining area of each immune cell type in the
entire pathological section was used as the degree of
infiltration of the immune cell for subsequent analysis.

Statistical analyses

All statistical analyses were performed using SPSS
version 26 (SPSS, Chicago, IL, USA) and GraphPad
Prism 8 (GraphPad Software Inc., La Jolla, CA, USA).
The Wilcoxon signed-rank test, Mann—Whitney test,
Spearman correlation, and log-rank test were used, as
appropriate. Multivariate analyses were performed
using Cox proportional hazards regression to identify
independent prognostic factors. Kaplan—-Meier analysis
was used to compare differences after curative surgery
for patient DFS and OS. All tests were two-sided and
were performed with a significance level of @ = 0.05.

Results

Patient characteristics and TLS status in ESCC

In this study, we retrospectively enrolled 185 patients
who met the inclusion criteria and divided them ran-
domly into two cohorts; 122 patients were included in
the discovery cohort and the other 63 patients in the vali-
dation cohort. The detailed clinical characteristics of
these two patient cohorts are summarized in Table 1, and
no obvious differences were found in the clinical charac-
teristics between the two cohorts. We evaluated the pres-
ence and maturation of TLSs (defined in Materials and
methods section) and identified them in 89 patients
(73.0%) in the discovery cohort. Among patients with
TLSs, the maximum degree of TLS maturation was
AGG, FL-I, and FL-II in 20 (16.4%), 41 (33.6%), and
28 (23.0%) cases, respectively (Figure 1D, left). In the
validation cohort, 47 patients (74.6%) were considered
positive with TLS, and the distribution of TLS matura-
tion was similar to that in the discovery cohort, among
which the maximum degree was 14 (22.2%),
20 (31.8%), and 13 (20.6%) patients with AGG, FL-I,
and FL-II, respectively (Figure 1D, right). The location
of TLSs (defined in Materials and methods section) was
also evaluated. Among positive patients in the discovery
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Discovery Cohort Validation Cohort

Hl 25.4% 16 TLS Negative

= 16.4% 20 TLS Aggregates 3 22.2% 14 TLS Aggregates
B3 33.6% 41 TLS Follicle I B3 31.8% 20 TLS Follicle I
3 23.0% 28 TLS Follicle I 3 20.6% 13 TLS Follicle II

N =122 N =63

El 27.0% 33 TLS Negative

Figure 1. The classification of TLS in ESCC. (A) Representative H&E image of TLS Aggregates patients. (B) Representative H&E image of
TLS Follicles | patients. (C) Representative H&E image of TLS Follicles Il patients (red arrow: germinal center). (D) TLS phenotype and fre-
quency evaluated in discovery (left) and validation cohorts (right). Proportions of TLS Negative, TLS Aggregates, Follicle I, and Follicle I
in ESCC were summarized by pie chart.
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Table 1. Clinicopathologic characteristics of patients in discovery and validation cohorts

Discovery cohort (n = 122) Validation cohort (n = 63)
Variables No. (%) No. (%) P value
Gender 0.651
Male 102 (83.61) 51 (80.95)
Female 20 (16.39) 12 (19.05)
Age (years) 0.635
<60 35 (28.36) 16 (25.40)
>60 87 (71.31) 47 (74.60)
Smoke 0.477
Smoking 59 (48.36) 27 (42.86)
Non-smoking 63 (51.64) 36 (57.14)
Drink 0.553
Drinking 52 (42.62) 24 (38.10)
Non-drinking 70 (57.38) 39 (61.90)
Site 0.111
Upper 8 (6.56) 10 (15.88)
Middle 59 (48.36) 25 (39.68)
Lower 55 (45.08) 28 (44.44)
Size (mm) 0.361
<40 57 (46.72) 25 (39.68)
>40 65 (53.28) 38 (60.32)
Histologic grade 0.177
1 19 (15.58) 12 (19.05)
2 49 (40.16) 32 (50.79)
3 54 (44.26) 19 (30.16)
Lymph node 0.256
Yes 91 (74.59) 42 (66.67)
No 31 (25.41) 32 (33.33)
Tumor stage 0.082
| 10 (8.20) 5 (7.94)
Il 36 (29.51) 30 (47.62)
Il 71 (58.20) 25 (39.68)
\% 5 (4.10) 3 (4.76)
pT 0.728
T1 23 (18.85) 12 (19.05)
T2 25 (20.49) 16 (25.40)
T3 74 (60.66) 35 (55.56)
pN 0.038
NO 33 (27.05) 29 (46.03)
N1 56 (45.90) 17 (26.98)
N2 28 (22.95) 14 (22.22)
N3 5 (4.10) 3 (4.76)
Perineural invasion 0.711
Yes 28 (22.95) 16 (25.40)
No 94 (77.05) 47 (74.60)
Lymphovascular space invasion 0.976
Yes 39 (31.97) 20 (31.75)
No 83 (68.03) 43 (68.25)
TLS 0.634
TLS+ 89 (72.95) 48 (76.19)
TLS— 33 (27.05) 15 (23.81)
Recurrence 0.675
Yes 58 (47.54) 32 (50.79)
No 64 (52.46) 31 (49.21)
Death 0.959
Yes 45 (36.89) 23 (36.51)
No 77 (63.11) 40 (63.49)
© 2022 Nanjing Medical University. The Journal of Pathology: Clinical Research published by The J Pathol Clin Res 2022; 8: 422435
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cohort, 20 (16.4%) and 69 (56.6%) cases contained
intratumoral and peritumoral TLSs, respectively (supple-
mentary material, Figure S1C, left); in the validation
cohort, 13 (20.6%) and 34 (54.0%) cases were
intratumoral and peritumoral, respectively (supplemen-
tary material, Figure S1C, right).

Correlations between TLSs and tumor-infiltrating
immune cells in ESCC patients

To better understand the relationship between TLSs and
the tumor microenvironment, we explored the general
composition of TLSs [6] in ESCC patients using tradi-
tional IHC in serial sections stained for CD45" lympho-
cytes, CD20" B cells, CD4" T cells, CD8" T cells,
and CD11c” DCs. We found that CD20" B cells
tended to be located in the center of the follicle,
whereas CD4" T cells, CD8" T cells, and CDI11c*
DCs were primarily located in the parafollicular zone
(Figure 2A-E), indicating that the cellular composition
of TLSs in ESCC is consistent with previous results
reported in other tumors [14]. Interestingly, CD68"
tumor-associated macrophages (TAMs), which suppress
or activate immune responses, were distributed in the
center of the follicle [4] (Figure 2F). We also compared
the prominent immune subsets between different TLS
classifications and showed that tumors containing TLSs
were infiltrated with more CD45" leukocytes, CD20™"
B cells, CD4" and CD8" T cells, and CD11c" DCs
compared with tumors without TLSs. We also evalu-
ated the CD68" TAMSs, and there was no observed sig-
nificant difference among the two groups (Figure 2G).
The same results can be seen in TLS-high/low groups
(Figure 2H). We also investigated the effect of different
maturation of TLSs on immune cell infiltration. How-
ever, there was no significant difference in the infiltra-
tion of the six immune cells in three types of TLS
(supplementary material, Figure S2A). Additionally, we
explored the effect of TLS location on infiltrating
immune cells. We found increased infiltration of CD8+
T cells in peritumoral TLSs than in intratumoral TLSs
(supplementary material, Figure S2B). Taken together,
these results reveal that tumors positive for TLSs and
with higher numbers of TLSs were infiltrated with more
adaptive immune cells, the major components of TLSs.

Correlations between TLSs and clinicopathologic
characteristics in ESCC patients

After screening the components of TLSs in ESCC, we
further explored the correlations between TLSs and
clinicopathologic characteristics (Table 2). There was
no correlation between TLSs and gender, age,
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smoking, drinking, tumor size, tumor site,
lymphovascular space invasion, perineural invasion, or
histologic grade (p > 0.05) in both the discovery and
validation cohorts. The presence of TLSs correlated
positively with lower recurrence (discovery cohort,
p < 0.001; validation cohort, p = 0.045) and relatively
well-defined favorable survival (discovery cohort,
p < 0.001; validation cohort, p = 0.030). Interestingly,
patients with high numbers of TLSs also had lower
recurrence (discovery cohort, p = 0.019; validation
cohort, p = 0.032) and death than those with low
TLSs in both cohorts (discovery cohort, p = 0.003;
validation cohort, p = 0.018).

Correlations between TLS and survival in ESCC
patients

We explored the prognostic value of TLSs by per-
forming Kaplan—Meier curves in ESCC patients. The
median follow-up time was 29 months (range: 1—
48 months). During the follow-up period, 42.6%
(58 of 122) of patients relapsed and 36.9% (45 of 122)
died in the discovery cohort. We observed that TLS™
patients had better OS (discovery cohort, p = 0.0164;
validation cohort, p = 0.0018) and DFS (discovery
cohort, p = 0.0130; validation cohort, p = 0.0213)
compared to TLS™ patients (Figure 3A,B). ESCC
patients in the TLS-high group had longer DFS (dis-
covery cohort, p <0.01; validation cohort, p < 0.05)
and OS (discovery cohort, p <0.001; validation
cohort, p < 0.05) compared to patients in the TLS-low
group (Figure 3C,D).

We then explored the impact of TLS maturation on
prognosis. We found no significant differences in DFS
and OS according to TLS phenotype in both discovery
and validation cohorts (supplementary material,
Figure S3A,B). This may be due to the relatively small
sample size of our cohort. We further explored
whether prominent immune cells of TLSs could have
an impact on the prognosis of ESCC patients. Survival
analysis was performed according to the IHC score of
each immune cell, which was divided into two groups
based on the median of levels of pre-stained immune
infiltrations. Only patients with more CD20" B cell
infiltration had longer DFS (»p = 0.0105) and OS
(p = 0.0341) (Figure 4). We consider that B cells, as
the main components of TLS, contribute the main
function [15].

In addition, univariate and multivariate analyses
of clinicopathologic features was performed on
the whole series as shown in Table 3. Lymph
node metastasis (discovery cohort, hazard ratio
[HR] = 2.695, p = 0.009; validation cohort,

J Pathol Clin Res 2022; 8: 422435
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Figure 3. Prognostic significance of TLS presence and abundance in ESCC patients. (A, B) Kaplan-Meier analysis of DFS and OS in discov-
ery cohort (n = 122) (A) and validation cohort (n = 63) (B) according to TLS presence. (C, D) Kaplan-Meier analysis of DFS and 0S in
discovery cohort (n = 122) (C) and validation cohort (n = 63) (D) according to TLS abundance.

HR = 2.829, p 0.022), tumor stage (discovery
cohort, HR 4485, p <0.001; validation cohort,
HR = 5.847, p <0.001), abundance (discovery cohort,
HR = 0.491, p = 0.008; validation cohort, HR = 0.420,
p = 0.02), and presence (discovery cohort, HR = 0.325,
p < 0.001; validation cohort, HR = 0.418, p = 0.02) of
TLSs were associated with DFS in ESCC. Multivariate
Cox regression analyses identified tumor stage (discov-

ery cohort, HR = 0.234, p < 0.001; validation cohort,
HR = 0.281, p = 0.005) and TLS presence (discovery
cohort, HR = 0.384, p <0.001; validation cohort,

HR = 0.444, p = 0.032) as independent prognostic fac-
tors for DFS.
With regard to OS, univariate Cox regression ana-

lyses identified tumor stage (discovery cohort,
HR = 4.017, p <0.001; validation cohort,
A 100~
®
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2
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(%) 60—
[}
2
v 404
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HR = 2.353, p = 0.012), TLS abundance (discovery
cohort, HR = 0.349, p = 0.001; validation cohort,
HR = 4.144, p = 0.015), and TLS presence (discovery
cohort, HR = 0.281, p < 0.001; validation cohort,
HR = 0.302, p = 0.006) as clinicopathologic factors
that contributed to OS. Furthermore, multivariate ana-
lyses identified that only TLS presence (discovery
cohort, HR = 0.293, p < 0.001; validation cohort,
HR = 0.266, p = 0.003) was an independent indicator
for OS. Taken together, these results suggested that
the presence of TLS signified a favorable prognosis
for ESCC.

Finally, we aimed to construct a nomogram, incor-
porating the presence of TLSs, to predict the probabil-
ity of 1-, 2-, 3-, and 4-year OS, based on the
multivariate Cox analyses. Then, a nomogram that

B 100+
— 804
]
S 6o
(2]
T 401
g == CD20 low

20 == cD20 high

p=0.0341
0 1 I 1 T 1
0 10 20 30 40 50

Time (months)

Figure 4. CD20™" B cell infiltration favors a good prognosis in ESCC patients. (A, B) Kaplan-Meier analysis of DFS (A) and OS (B) in dis-

covery cohort (n = 122) according to CD20™ B cell infiltration.
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Figure 5. Nomogram predicting the probability of 1-, 2-, 3-, 4-year OS and TLS-independent receiver operating characteristic (ROC)
curve analyses in whole series. (A) Nomogram for predicting the probability of 1-, 2-, 3-, and 4-year 0S for ESCC patients of the whole
series. ROC curve analysis was used to compare the predictive accuracy between tumor stage (B), TLS presence (C), histologic grade (D),

and nomogram (E) in 1, 2, 3, and 4 years.

integrated the tumor stage, histologic grade, and TLS
presence was constructed to provide clinicians with a
quantitative approach to predict the prognosis of
patients with ESCC (Figure 5A). Receiver operating
characteristic curve analysis was used to compare the
predictive accuracy between nomogram, tumor stage,
histologic grade, and TLS presence in 1, 2, 3, and
4 years (Figure 5B-E). The nomogram model
suggested higher prognostic accuracy for 1-, 2-, 3-,
and 4-year OS with a larger AUC.

Discussion

In this study, we explored the relationship between the
presence, the abundance, the maturation, and the loca-
tion of TLSs and the outcomes of patients with
resected ESCC. The presence of TLSs was an effective
predictor of favorable prognosis for ESCC, as was the
abundance of TLSs, confirmed using both discovery
and validation cohorts. Additionally, multivariate ana-
lyses identified that only TLS presence was an inde-
pendent indicator compared with TLS abundance.

© 2022 Nanjing Medical University. The Journal of Pathology: Clinical Research published by The

However, in our study, we found no correlation
between the maturation or location of TLSs and the
prognosis of ESCC patients. These findings provide
new insights into the development of innovative prog-
nostic markers for ESCC.

TLSs have been widely investigated by researchers
and the effect of TLSs on the prognosis of many types
of cancer has been reported, including lung cancer
[16] and ovarian cancer [17], showing that patients
with TLS-positive tumors have longer DFS and OS.
However, in addition to the presence of TLSs, their
impact on prognosis is also affected by the tissue of
origin, location, abundance, and maturation. For exam-
ple, the presence of TLSs in colorectal cancer has been
associated with more advanced disease [18]. Even in
the same type of cancer, Gu-Trantien et al found that
CD4+ T cell immune infiltrates, principally located in
TLS germinal centers, suggest a good prognosis by
promoting anti-tumor immunity in breast cancer [19],
while TLSs in breast cancer were associated with
higher tumor grade, low representation of intratumoral
immune cells, and a high frequency of lymph node
metastasis, as reported by Figenschau et al [20]. It is

J Pathol Clin Res 2022; 8: 422—435
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important to understand whether TLSs are formed by
different mechanisms and play different roles in differ-
ent cancer types for its application in predicting prog-
nosis. In our study, we found no correlation between
the location of TLSs and the prognosis of ESCC
patients. However, Ding et al discovered that the
abundance of intratumoral TLSs was an effective pre-
dictor of favorable prognosis for intrahepatic
cholangiocarcinoma, while the presence of peritumoral
TLSs was significantly associated with dismal out-
comes [21]. The same results were found in hepatocel-
lular carcinoma [22] and breast cancer [11]. TLS
abundance was reported to signify a favorable progno-
sis in human oral cancer [12], which was consistent
with our results. Finally, we found no difference in
prognosis based on TLSs of different maturity,
although the P value of survival analysis was very
close to 0.05. Although it is not clear whether the
maturity of TLSs affects patient outcomes, by analyz-
ing the prognosis of colorectal cancer, Posch et al con-
cluded that mature TLSs containing germinal centers
had more prognostic value than immature TLSs, and
believed that the determination of mature TLSs in
colorectal cancer had more implications for good prog-
nosis than TLS counting alone [23]. Mature TLSs are
often accompanied by the formation of germinal cen-
ters, indicating active anti-tumor immunity. Therefore,
evaluation of TLS maturation in each tumor may be
more accurate to determine the prognosis of cancer in
the future.

To gain a better understanding of TLS in ESCC
patients, we stained serial sections for the major com-
ponents of TLSs. With regard to immune cell sub-
types, CD45"% leukocytes, CD4" T cells, CD8" T
cells, CD20" B cells, and CD11¢™ DCs accounted for
the majority. We observed that ESCC patients with
positive TLSs tended to be surrounded by more
CDh45™" leukocytes, as well as a higher number of
tumor-infiltrating CD4" T cells, CD8" T cells CD20™"
B cells, and CD11c¢" DCs. CD8™" T cells play a central
role in the adaptive immune response in cancer. We
found increased infiltration of CD8" T cells in peri-
tumoral TLSs than in intratumoral TLSs, suggesting
that peritumoral TLSs may have better ability to
inhibit tumor growth. However, Calderaro et al
reported that intratumoral TLSs are associated with a
low risk of early recurrence of hepatocellular carci-
noma [22]. On the other hand, TLSs have been
reported to promote the synergistic anti-tumor effect of
tumor-associated plasma cells and CD8" T cells [24].
Mature DCs can promote antigen presentation of T
cells and B cells, and CD45" lymphocytes participate
in T cell signal transduction. Tumor-infiltrating

© 2022 Nanjing Medical University. The Journal of Pathology: Clinical Research published by The
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macrophages (CD68" TAMs) are associated with
tumor progression and low survival [18]. However,
this study found no correlation between CD68" TAMs
and TLSs in tumors. Meanwhile, TLSs were mostly
composed of a T cell zone in the outer layer and a B
cell zone in the inner layer. CD11c¢* DCs are present
within the T cell zone, and B cells can cluster and
form B cell follicles with actively replicating B cell
germinal centers [25]. Then, TLSs promote effective
anti-tumor immune responses by promoting local anti-
gen presentation and lymphocyte differentiation.
Mature DCs provide antigen to T cells and activate
cellular immunity in the T cell region, while germinal
center LAMP" DCs provide antigen to B cells and
induce humoral immunity. Almost all TLSs contain B
cells, and high expression of CD20" B cells in the
tumor microenvironment is associated with a good
prognosis in most cancers such as biliary tract cancer
[26] and skin cancer [27]. We also found that patients
with more CD20" B cell infiltration had longer DFS
(p = 0.0105) and OS (p = 0.0341), indicating that B
cell-related pathways may play a key role in the gener-
ation and formation of TLSs.

Finally, we integrated tumor stage, histologic grade,
and the presence of TLSs to provide clinicians with a
new nomogram model that may be used to predict OS
for resected ESCC patients. TLSs are located in or
near tumor tissue and promote lymphocyte transport
and infiltration, making them an interesting target for
anti-tumor immunity [28]. It is an interesting hypothe-
sis to suggest that inducing TLS formation may also
be an effective strategy for anti-tumor immunity in
ESCC, given the significant association between TLSs
and better prognosis. To date, several therapies
targeting TLSs have been developed and have shown
promising anti-tumor effects in various mouse models
[29], and current cancer immune therapy such as
checkpoint inhibitors may be more effective in combi-
nation with drugs that induce TLS generation. In the
future, patients with immune resistance may benefit
from the use of drugs inducing the formation or matu-
ration of TLSs.

In conclusion, we have shown that the presence of
TLSs is associated with longer DFS and OS, which is
an independent favorable prognostic indicator for
patients with ESCC undergoing surgical resection.
Additionally, patients with more CD20" B cell infiltra-
tion, the major component of TLSs, also have longer
DFS and OS. This study reveals the correlation
between TLS state and prognosis of patients with
ESCC and provides a framework to better understand
the components of TLSs, which provide an immune
therapeutic avenue of clinical interest.

J Pathol Clin Res 2022; 8: 422435



434

Acknowledgements

This work was supported by the grants from the
National Natural Science Foundation of China (Grant
Nos 82073211, 82002434, 82003106, 81902334); The
Project of Invigorating Health Care through Science,
Technology and Education, Jiangsu Provincial Medi-
cal Innovation Team (CXTDA2017002); The Project
of Invigorating Health Care through Science, Technol-
ogy and Education, Jiangsu Provincial Medical Out-
standing Talent (JCRCA2016001); Young Talents
Program of Jiangsu Cancer Hospital; and The General
project of Cancer Hospital Affiliated to Nanjing Medi-
cal University (No. ZM201921).

Author contributions statement

RL, XH and WY contributed to sample and data
acquisition and manuscript drafting. JW, YL, TZ, QM
and WX offered technical support. LX, XX, GD and
FJ made substantial contributions to the conception
and design of the study, funding of the study, and
supervision. All authors were involved in writing the
paper and had final approval of the submitted and pub-
lished versions.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA
Cancer J Clin 2020; 70: 7-30.

2. Ohashi S, Miyamoto S, Kikuchi O, ef al. Recent advances from
basic and clinical studies of esophageal squamous cell carcinoma.
Gastroenterology 2015; 149: 1700-1715.

3. Luo H, Lu J, Bai Y, er al. Effect of camrelizumab vs placebo
added to chemotherapy on survival and progression-free survival
in patients with advanced or metastatic esophageal squamous cell
carcinoma: the ESCORT-1st randomized clinical trial. JAMA 2021;
326: 916-925.

4. Sautes-Fridman C, Petitprez F, Calderaro J, er al. Tertiary lym-
phoid structures in the era of cancer immunotherapy. Nat Rev
Cancer 2019; 19: 307-325.

5. Sautes-Fridman C, Lawand M, Giraldo NA, et al. Tertiary lym-
phoid structures in cancers: prognostic value, regulation, and
manipulation for therapeutic intervention. Front Immunol 2016;
7: 407.

6. Munoz-Erazo L, Rhodes JL, Marion VC, et al. Tertiary lymphoid
structures in cancer — considerations for patient prognosis. Cell
Mol Immunol 2020; 17: 570-575.

7. Hiraoka N, Ino Y, Yamazaki-Itoh R, ef al. Intratumoral tertiary
lymphoid organ is a favourable prognosticator in patients with pan-
creatic cancer. Br J Cancer 2015; 112: 1782-1790.

© 2022 Nanjing Medical University. The Journal of Pathology: Clinical Research published by The
Pathological Society of Great Britain and Ireland and John Wiley & Sons Ltd.

10.

11.

12.

14.

15.

16.

18.

19.

20.

21.

22.

23.

. Nielsen JS, Sahota RA, Milne K,

R Li, X Huang, W Yang et al

. Di Caro G, Bergomas F, Grizzi F, et al. Occurrence of tertiary

lymphoid tissue is associated with T-cell infiltration and predicts
better prognosis in early-stage colorectal cancers. Clin Cancer Res
2014; 20: 2147-2158.

. Lin Q, Tao P, Wang J, et al. Tumor-associated tertiary lymphoid

structure predicts postoperative outcomes in patients with primary

gastrointestinal ~ stromal tumors.
17473309.

Schumacher TN, Thommen DS. Tertiary lymphoid structures in
cancer. Science 2022; 375: eabf9419.

Sofopoulos M, Fortis SP, Vaxevanis CK, et al. The prognostic sig-

Oncoimmunology 2020; 9:

nificance of peritumoral tertiary lymphoid structures in breast can-
cer. Cancer Immunol Immunother 2019; 68: 1733—-1745.

Li K, Guo Q, Zhang X, et al. Oral cancer-associated tertiary lym-
phoid structures: gene expression profile and prognostic value. Clin
Exp Immunol 2020; 199: 172-181.

. Silina K, Soltermann A, Attar FM, ef al. Germinal centers deter-

mine the prognostic relevance of tertiary lymphoid structures and
are impaired by corticosteroids in lung squamous cell carcinoma.
Cancer Res 2018; 78: 1308-1320.

Boivin G, Kalambaden P, Faget J, e al. Cellular composition and
contribution of tertiary lymphoid structures to tumor immune infil-
tration and modulation by radiation therapy. Front Oncol 2018;
8: 256.

Tokunaga R, Naseem M, Lo JH, et al. B cell and B cell-related
pathways for novel cancer treatments. Cancer Treat Rev 2019; 73:
10-19.

Germain C, Gnjatic S, Tamzalit F, ef al. Presence of B cells in ter-
tiary lymphoid structures is associated with a protective immunity
in patients with lung cancer. Am J Respir Crit Care Med 2014;
189: 832-844.

et al. CD20+ tumor-
infiltrating lymphocytes have an atypical CD27- memory phe-
notype and together with CD8+ T cells promote favorable
prognosis in ovarian cancer. Clin Cancer Res 2012; 18:
3281-3292.

Li H, Wang J, Liu H, et al. Existence of intratumoral tertiary lym-
phoid structures is associated with immune cells infiltration and
predicts better prognosis in early-stage hepatocellular carcinoma.
Aging (Albany NY) 2020; 12: 3451-3472.

Gu-Trantien C, Loi S, Garaud S, et al. CD4(+) follicular helper T
cell infiltration predicts breast cancer survival. J Clin Invest 2013;
123: 2873-2892.

Figenschau SL, Fismen S, Fenton KA, et al. Tertiary lymphoid
structures are associated with higher tumor grade in primary opera-
ble breast cancer patients. BMC Cancer 2015; 15: 101.

Ding GY, Ma JQ, Yun JP, et al. Distribution and density of tertiary
lymphoid structures predict clinical outcome in
cholangiocarcinoma. J Hepatol 2022; 76: 608—-618.
Calderaro J, Petitprez F, Becht E, et al. Intra-tumoral tertiary lym-

intrahepatic

phoid structures are associated with a low risk of early recurrence
of hepatocellular carcinoma. J Hepatol 2019; 70: 58-65.

Posch F, Silina K, Leibl S, Maturation of tertiary lymphoid struc-
tures and recurrence of stage II and III colorectal cancer.
Oncoimmunology 2018; 7: e1378844.

J Pathol Clin Res 2022; 8: 422—435



TLS favors outcome in resected ESCC

24. Kroeger DR, Milne K, Nelson BH. Tumor-infiltrating plasma cells
are associated with tertiary lymphoid structures, cytolytic T-cell
responses, and superior prognosis in ovarian cancer. Clin Cancer
Res 2016; 22: 3005-3015.

25. Fridman WH, Zitvogel L, Sautes-Fridman C, et al. The immune
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol
2017; 14: 717-734.

26. Goeppert B, Frauenschuh L, Zucknick M, et al. Prognostic impact
of tumour-infiltrating immune cells on biliary tract cancer. Br J
Cancer 2013; 109: 2665-2674.

217.

28.

29.

435

Garg K, Maurer M, Griss J, et al. Tumor-associated B cells in cuta-
neous primary melanoma and improved clinical outcome. Hum
Pathol 2016; 54: 157-164.

Maldonado L, Teague JE, Morrow MP, et al. Intramuscular thera-
peutic vaccination targeting HPV16 induces T cell responses that
localize in mucosal lesions. Sci Transl Med 2014; 6: 221ra213.
Johansson-Percival A, He B, Li ZJ, et al. De novo induction of
intratumoral lymphoid structures and vessel normalization
enhances immunotherapy in resistant tumors. Nat Immunol 2017;
18: 1207-1217.

SUPPLEMENTARY MATERIAL ONLINE

Figure S1. The location of TLSs in esophageal cancer

Figure S3. Prognostic significance of TLS maturation in ESCC patients

Table S1. The antibodies and conditions used in IHC in this study

Figure S2. Association between maturation and location of TLSs and immune infiltration

© 2022 Nanjing Medical University. The Journal of Pathology: Clinical Research published by The J Pathol Clin Res 2022; 8: 422—435

Pathological Society of Great Britain and Ireland and John Wiley & Sons Ltd.



	 Tertiary lymphoid structures favor outcome in resected esophageal squamous cell carcinoma
	Introduction
	Materials and methods
	Patients and samples
	H&E staining
	IHC staining
	Evaluation of TLS and IHC
	Statistical analyses

	Results
	Patient characteristics and TLS status in ESCC
	Correlations between TLSs and tumor-infiltrating immune cells in ESCC patients
	Correlations between TLSs and clinicopathologic characteristics in ESCC patients
	Correlations between TLS and survival in ESCC patients

	Discussion
	Acknowledgements
	Author contributions statement
	References


