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Abstract: Tertiary lymphoid structures (TLSs) have become the focus of antitumor immunity. However, the
prognostic significance of TLSs in epithelial ovarian cancer (EOC) treated with primary debulking surgery
(PDS) or interval debulking surgery (IDS) remains unelucidated. This retrospective study examined the
prognostic value of TLSs in tumor tissues obtained during PDS and IDS. Pathological specimens were collected
from patients with EOC who underwent PDS or IDS between 2017 and 2020 at the National Cancer Center
Hospital East. The correlation of tumor-infiltrating lymphocyte frequency, TLS presence, and PD-L1 expression
with progression-free survival (PES) and overall survival (OS) and the correlation between TLS and PD-L1
expression were analyzed. Overall, 25 specimens (15 from PDS and 10 from IDS) were analyzed. The presence
of TLS was associated with a significantly longer OS in patients who underwent PDS but not in patients who
underwent IDS. No correlation was identified between TLS and PFS in patients with PDS or with IDS.
However, TLS was positively correlated with PD-L1 positivity. The prognostic impact of TLS, specifically in
pre-chemotherapy specimens, and a positive correlation between TLS and PD-L1 indicate the potential of TLS
as a meaningful biomarker for understanding antitumor immunity and developing immunotherapy for EOC.

Keywords: ovarian cancer; tertiary lymphoid structure; tumor microenvironment;
tumor-infiltrating lymphocytes

1. Introduction

Epithelial ovarian cancer (EOC) is the fifth leading cause of cancer-related deaths in women,
with an estimated 22,530 new cases and 13,980 deaths reported in the US in 2019 [1]. The main
treatments for advanced EOC are surgical cytoreduction and primary debulking surgery (PDS),
followed by platinum-based systemic chemotherapy. Additionally, neoadjuvant chemotherapy
(NAC) followed by interval debulking surgery (IDS) is a treatment modality for patients with
inoperable EOC. Despite presenting a good response to initial chemotherapy, approximately 70% of
EOCs recur, with recurrent EOC having a poor prognosis.

The accumulation of gene mutations causes the expression of tumor antigens, which trigger
immune responses against cancer cells. The stromal tissue and infiltrated immune cells surrounding
the tumor cells are defined as the tumor microenvironment (TME), while the lymphocyte infiltration
in the TME is recognized as tumor-infiltrating lymphocytes (TILs), which mainly comprise T cells.
TILs are a prognostic factor in ovarian cancers, with CD3+ tumor-infiltrating T cells being correlated
with improved progression-free survival (PFS) and overall survival (OS) [2-4]. Moreover, higher
CD8/4 and CD8/Treg cell ratios were also associated with improved OS [5]. However, cancer cells
can escape immune surveillance through various mechanisms, including immune checkpoints such
as PD-1 and PD-L1. Immune checkpoints are inhibitory receptors on immune cell membranes, and
the expression of immune checkpoint receptors negatively regulates immune responses. In the TME,
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the expression of immune checkpoint receptors becomes dysregulated, evading an antitumor
immune response [6], and the expression of PD-L1 ligands on tumor cells suppresses lymphocyte
infiltration [7].

In addition to lymph nodes and the spleen, the accumulation of B cells with follicular structures
in tumor tissues has recently been shown as important for antitumor immunity [8]. Such
accumulation of B cells with follicular structures in intratumoral tissues is called a tertiary lymphoid
structure (TLS), which contains plasma cells, follicular helper T cells, follicular dendritic cells, and
germinal centers [9]. The relationship between TLS and prognosis in patients with EOC has also been
investigated. TLS is associated with good prognosis in ovarian high-grade serous carcinoma (HGSC)
[10-13]. Furthermore, the presence of TLS is correlated with inflammatory cell infiltration [11]; a high
density of CD138+ plasma cells in TLS is associated with favorable prognosis [10]; and the TLS is
matured by CXCL13 and is correlated with PFS [13]. However, although chemotherapy can lead to
tumor inflammatory cell infiltration and necrosis, which may affect the immune system in the TME,
the prognostic value of TLS has not been compared between cases of PDS and NAC-IDS, and the
significance of TLS in non-HGSC histologic types has also not been studied. Therefore, we examined
TLS in tumor tissues collected during PDS and IDS for patients with EOC, including those with non-
HGSC histology, with the aim to evaluate its prognostic significance.

2. Materials and Methods

2.1. Patients

This retrospective study evaluated the correlation between TLS and prognosis in patients with
EOC treated at a hospital in Japan. The study was approved by the hospital Institutional Review
Board (Approval number: 2020-414) and was conducted according to the Declaration of Helsinki.

We reviewed patients with newly diagnosed stage III-IV ovarian, tubal, and peritoneal
carcinomas who underwent surgical treatment and chemotherapy in our hospital between April 1,
2017 and March 31, 2020. All patients were pathologically diagnosed and classified according to the
International Federation of Gynecology and Obstetrics (FIGO) 2014 classification.

The following clinical data were collected from electronic medical records: age, clinical history,
history of the disease, clinical stage, tumor markers, presence or absence of BRCA1/2 mutations, type
of surgical treatment and chemotherapy, date of treatment initiation and last administration of
chemotherapy, number of chemotherapy cycles, response to chemotherapy, presence or absence of
recurrence and the date of diagnosis if present, presence or absence of death, and date of death or last
confirmed survival. The data cutoff date was March 31, 2020. The clinical efficacy of NAC on tumor
shrinkage was assessed in patients who received NAC followed by IDS according to Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1.

2.2. Pathological Assessment

Specimens were collected from patients who underwent PDS, IDS, or biopsy. Surgical specimens
from patients treated with PDS were analyzed. Of these tissue specimens, sections in which tumor
cells and immune cells could be appropriately observed were selected after discussion between the
investigator (T.N.) and a pathologist (T.T.). In patients who underwent NAC followed by IDS,
histological analyses were performed using IDS samples because pretreatment biopsy specimens
could not be evaluated owing to insufficient tumor volume. The following histopathological findings
were extracted: pathological stage, final diagnosis, tumor size and extent, presence or absence of
vascular invasion, evaluation of surgical margins, and evaluation of pathological residual cancer
cells.

TLSs and TILs were diagnosed by hematoxylin and eosin (HE) staining and
immunohistochemistry staining (IHC) with CD3 antibody (790-4341, Roche, Switzerland), CD4 (790-
4423, Roche, Switzerland), CD8 (790-4460, Roche, Switzerland), CD20 (760-2591, Roche, Switzerland),
CD21 (760-4245, Roche, Switzerland), CD25 (760-4439, Roche, Switzerland), and FOXP3 (ab20034,
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Abcam, UK). TILs and TLSs were counted manually by an investigator (T. N.) and confirmed by a
pathologist (T. T.).

2.3. Diagnostic Criteria for TLSs and TILs

The TLS was defined as a cluster of CD20+ cells with the presence of CD21+ cells in the
embryonic center. Three independent sites (20x objective field of view, 5 mm? total sites) that
contained the most intratumoral TLS were selected [14]. TILs were defined as the infiltration of CD4+
or CD8+ T cells. Three independent sites (20x objective field of view, total site 5 mm?) with the most
tumor infiltration by lymphocytic cells, excluding the TLS, were selected. CD4+ and CD8+ cells, as
well as CD3+ and FOXP3+ cells, were examined. The numbers of total lymphocytes and CD3+, CD4+,
CD8+, and FOXP3+ cells at the selected sites were counted. In addition, the CD8/CD4 ratio and
CD8/FOXP-3 ratio/mm? were calculated [3-5]. The CD3+ cells, CD8/CD4 ratio, and CD8/FOXP-3
ratio/mm? were divided into two groups based on high (> median) or low (< median) expression.

2.4. Diagnostic Criteria for PD-L1

PD-L1 positivity was diagnosed using the PD-L1 IHC 22C3 Pharm Dako (Agilent, USA) assay
[15]. The combined positive score (CPS) was defined as the number of PD-L1-stained cells (including
tumor cells, lymphocytes, and macrophages) divided by the total number of viable tumor cells and
multiplied by 100, with a score cutoff of >1. Cells in which the cell membrane was partially or wholly
PD-L1 stained were judged as positive. Stained cells were defined as CPS positive if more than 1% of
the cells were stained and CPS negative if less than 1% were stained.

2.5. Statistical Analysis

PFS was defined as the time from treatment initiation to disease progression or death from any
cause. Progressive disease was determined based on clinical symptoms or radiographic findings and
not solely on CA-125 elevation. OS was measured from the date of treatment initiation to the date of
death from any cause. The frequency of TIL and TLS expression and presence or absence of PD-L1
expression were classified, and PFS and OS were examined using the Kaplan-Meier method with the
log-rank test. The correlation between TLS and PD-L1 expression was analyzed using Pearson’s chi-
squared test. All statistical analyses were performed using Bell Curve for Excel version 4.01 (Social
Survey Research Information Co., Ltd., Japan) [16] and graphing was performed using Microsoft
Excel 2019 (Microsoft Co., Ltd., US). A p value of <0.05 was considered statistically significant.

3. Results

A total of 30 patients with advanced ovarian or peritoneal cancers were included in this study;
among them, 16 patients were treated with PDS and 14 patients were treated with NAC followed by
IDS. Two patients underwent biopsy only and did not undergo IDS. Because biopsy samples from
these two patients were insufficient for pathological evaluation, both were excluded from the study
(Figure S1). Ultimately, 28 patients were included. The patient characteristics and clinical outcomes
are shown in Table 1. Overall, 35 patients (85.7%) had ovarian cancer and 4 (14.3%) patients had
peritoneal cancer. Only 1 patient had a germline BRCA1 mutation, and 12 (42.9%) patients were not
tested for BRCA1/2 mutations. The histological type was HGSC in 21 patients (75.0%), endometrioid
carcinoma in 3 patients (10.7%), and other types in 4 patients (14.2%). Overall, 24 patients (85.7%)
received dose-dense paclitaxel and carboplatin (TC) chemotherapy and 2 patients (7.1%) received
triweekly TC. All patients completed the scheduled six cycles of chemotherapy. Among the patients
who received PDS, 11 (73.3%) patients achieved complete surgery with no residual gross tumor,
while 4 (26.7%) patients had residual disease with PDS treatment. Among the patients who received
NAC, 1 (7.6%) and 11 (92.3%) patients achieved complete and partial responses, respectively, and 1
(7.6%) patient developed progressive disease after NAC. In total, 10 patients (84.6%) underwent
complete surgery, and 3 patients (20%) had residual disease after IDS.
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Table 1. Patient characteristics and clinical outcomes.

Characteristic All patients (n=28) | PDS (n=15) | NAC-IDS (n=13)
Age (years), median (range) 61 (23-80) 55 (23-80) 66 (40-74)

Primary organ

Ovary 24 (85.7) 12 (80.0) 12 (92.3)
Peritoneum 4 (14.3) 3(20.0) 1(7.6)
Histological type

High-grade serous carcinoma 21 (75.0) 9 (60.0) 12 (92.3)

Low-grade serous carcinoma 2(7.1) 2 (13.3) 0

Endometrioid carcinoma 3 (10.7) 2 (13.3) 1(7.6)

Clear cell carcinoma 2(7.1) 2 (13.3) 0
FIGO (2014) stage

Stage III 17 (60.7) 10 (66.6) 7 (53.8)

Stage IV 11 (39.3) 5(33.3) 6 (46.1)
BRCA mutation status

BRCA mutation 1(3.6) 0(0) 1(7.6)

No BRCA mutation 15 (53.6) 10 (66.6) 5 (38.4)

Not tested 12 (42.9) 5(33.3) 7 (53.8)
Chemotherapy treatment

Dose-dense TC 24 (85.7) 12 (80.0) 12 (92.3)

Triweekly TC 2(7.1) 2 (13.3) 0

Weekly TC 2(7.1) 1(6.7) 1(7.6)
Response to NAC

CR 1(7.6)

PR 11 (84.6)

SD 0

PD 1(7.6)
Residual disease

No evidence of disease (NED) 21 (75.0) 11 (73.3) 10 (76.6)

Residual disease 7 (25.0) 4 (26.7) 3 (23.0)

Abbreviations: PDS, primary debulking surgery; NAC, neoadjuvant chemotherapy; IDS, interval debulking
surgery; FIGO, Federation of Gynecology and Obstetrics; TC, paclitaxel and carboplatin; CR, complete
remission; PR, partial response; SD, stable disease; PD, progressive disease.

The results of the pathological analyses are presented in Table 2. A total of 28 specimens were
obtained, among which 3 specimens were excluded because of insufficient diagnosis, resulting in 25
evaluable specimens. Of the 25 specimens, 15 specimens were obtained during PDS and 10 specimens
during NAC. A total of 9 specimens (36.0%) were obtained from the ovary, 13 (52.0%) specimens
from the omentum, and 3 (12.0%) specimens from the peritoneum. The presence of TLS was
confirmed in 13 (52.0%) specimens, and the median number of TLS per 5 mm? total sites was 1 (range,
0-10). Typical histopathological images of TLS are shown in Figure 1. The median number of TLS
was one, and the number of TLS did not differ by histological type. The presence or absence of TLS
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(at least one was present) did not differ by histological type. In TIL analysis, the median number of
CD3+ cells was 227 per mm? and 296 per mm?, the median CD8/4 ratios were 0.660 and 1.71, and the
median CD8/FOXP-3 ratios were 7.02 and 7.06 for the PDS and IDS groups, respectively. In total, 13
(52.0%) specimens were PD-L1 positive and 12 (48.0%) specimens were negative. CPS did not differ

by histological type.

Table 2. Pathological analysis.

Pathological analysis PDS (n=15) NAC-IDS (n=10)
Analyzed site

Ovary 5(33.3) 4 (40.0)

Omentum 9 (60.0) 4 (40.0)

Peritoneum 1(3.6) 2 (20.0)

TLS

Number of TLS (5 mm?2) 1 (0-10) 1 (0-8)

Positive 8 (53.3) 5 (50)
High-grade serous carcinoma 5(33.3) 5 (50)
Low-grade serous carcinoma 2(7.1)

Clear cell carcinoma 1(3.6)

Negative (0) 7 (46.7) 5 (50)
High-grade serous carcinoma 4 (26.7) 4 (40)
Endometrioid carcinoma 2(7.1) 1 (10)
Clear cell carcinoma 1(3.6)

TILs

CD3 (mma?) 227 (4.67-1110) 296 (9-661)

CD8/4 0.660 (0.042-3.98) 1.71 (0.572-13.9)

CD8/FOXP3 7.02 (1.58-55.2) 7.06 (4.05-109)

PD-L1

CPS positive 8 (53.3) 5 (50.0)
High grade serous carcinoma 5(33.3) 5 (50.0)
Endometrioid carcinoma 1(6.7)

Cear cell carcinoma 2 (13.3)

CPS negative 7 (46.7) 5 (50.0)
High grade serous carcinoma 4 (40.0) 4 (40.0)
Endometrioid carcinoma 1 (10.0) 1 (10.0)
Low grade serous carcinoma 2 (20.0)

Abbreviations: PDS, primary debulking surgery; NAC, neoadjuvant chemotherapy; IDS, interval debulking
surgery; TLS, tertiary lymphoid structure; TIL, tumor-infiltrating lymphocyte; CPS, combined positive score.
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Figure 1. Typical histopathological images of hematoxylin and eosin (A), CD20 (B), and CD21 (C)
staining in TLS. There are intratumoral clusters of CD20+ lymphocyte cells and CD21+ cells in the
germinal center.

The Kaplan-Meier OS curve is shown in Figure 1. In patients who underwent PDS, those with a
TLS-positive status had a longer OS than those with a TLS-negative status (median: 32.3 months vs
21.3 months, p=0.0455). Conversely, no correlation was identified between the presence of TLS and
OS in patients who underwent IDS (median: could not be calculated, p=0.9678).
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Figure 2. OS of patients with or without TLS. Blue line: patients with TLS; red dashed line: patients
without TLS. (A) Patients with TLS who undergo PDS have longer OS than those without TLS
(median: 32.3 months vs 21.3 months, p=0.0455). (B) Patients with TLS who underwent NAC-IDS
showed no significant difference in OS compared with those without TLS (median: could not be
calculated, p=0.9678). Abbreviations: TLS, tertiary lymphoid structure; OS, overall survival;, PDS,
primary debulking surgery; NAC, neoadjuvant chemotherapy; IDS, interval debulking surgery

The Kaplan—-Meier curve for the PFS of the patients is shown in Figure S2. No correlation was
found between the presence of TLS and PFS in patients who underwent PDS (median: 31.1 months
vs 17.3 months, p=0.3970). Additionally, no correlation was identified between the presence of TLS
and PFS in patients who underwent IDS (median: 28.7 months for with TLS vs 16.3 months for
median without TLS, p=0.1653).

The correlations between the cytologic characteristics of TILs and OS or PFS were observed, as
shown in Table 3. No molecular characteristics of TILs were correlated with OS or PFS in patients
who underwent PDS or NAC-IDS.

Table 3. Correlation of TILs with OS and PFS.

PFS median (months) p value OS median (months) p value
PDS
CD3 (mm2)
High 24.6 0.2774 27.1 0.5652
Low 17.3 29.3
CD8/4
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High 17.3 0.0845 27.1 0.1797
Low 24.6 33.5

CD8/FOXP3
High 21.3 0.949 27.1 0.7493
Low 24.6 31.1

NAC-IDS

CD3 (mm?2)
High 22.6 0.8234 421 0.9193
Low 23.7 34.5

CD8/4
High 23.9 0.634 39.3 0.9193
Low 19.8 35.2

CD8/FOXP3
High 27.2 0.1758 454 0.1287
Low 18 31.1

Abbreviations: TIL, tumor-infiltrating lymphocyte; OS, overall survival; PFS, progression-free survival, PDS,
primary debulking surgery; NAC, neoadjuvant chemotherapy; IDS, interval debulking surgery.

The correlations between TLS and PD-L1 positivity are shown in Table 4. The presence of TLS
was associated with PD-L1 positivity (p=0.0094).

Table 4. Correlation between TLS and PD-L1.

TLS positive TLS negative
PD-L1 positive 10 3

PD-L1 negative 3 9
Abbreviations: TLS, tertiary lymphoid structure.

4. Discussion

The results of this study indicated that the presence of TLS in chemotherapy-naive patients with
ovarian cancer was significantly associated with longer OS, but not in patients who received NAC,
and that the presence of TLS was associated with PD-L1 positivity.

TLS and TIL contribute to tumor immunity in the TME and are related to a favorable prognosis
in various cancers. Increased numbers of follicular helper T cells, follicular B cells, and mature
dendritic cells in the TLS are correlated with longer OS in non-small cell lung cancer, pancreatic
ductal cancer, and triple-negative breast cancer [14,17-22]. Additionally, the presence of TLS is
related to good responses to immunotherapy in sarcoma, metastatic melanoma, and renal cell
carcinoma [23-25]. In ovarian cancer, the presence of TLS is also associated with good prognosis in
HGSC [10-13]. Histological types other than HGSC have not been adequately studied. The addition
of the histological types of low-grade serous carcinoma and clear cell carcinoma (CCC), which have
not been reported previously, is significant for the analysis. Particularly, CCC is highly frequent in
Japan, and its inclusion in the analysis is noteworthy. The present study found no correlation between
histological type and the number of TLS. The presence of TLS was associated with longer OS in

patients with advanced ovarian cancer, including those with non-HGSC histology. In contrast to
previous studies, we found no association between TLS and PFS, which may be because of the limited
number of patients in the study and/or the inclusion of many patients with early-stage cancer and
non-HGSC histology.
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The number of TLS in this study was lower than that in other cancer types, such as lung and
breast cancers [26,27]. This may be because EOC is considered a “cold tumor” with more limited
response to immunotherapy compared to lung or breast cancers. However, previous reports have
suggested that TLS was correlated with inflammatory cell infiltration, suggesting that CXCL13
promoted TLS maturation and that TLS promoted CD8+ T cell infiltration in ovarian HGSCs [10-12].
Furthermore, TLS is considered to be involved in the systematic development of cellular and humoral
immunity. Our current finding that the presence of even one TLS is associated with favorable clinical
outcomes in ovarian cancer, a cold tumor, is of great interest.

Previous studies have focused on PDS tissue [10-13]. To our best knowledge, this is the first
study to examine differences in the prognostic significance of TLS between PDS tumors and NAC-
IDS tumors. In contrast to the findings in the PDS group, the presence of TLS in the IDS group did
not correlate with prognosis. In non-small cell lung cancer, corticosteroids impair germinal center
formation in TLS [12]. Therefore, corticosteroid administration during ovarian cancer chemotherapy
may alter TLS development. The constituent cells of TLS are prognostically important, and their
composition may be altered by immunotherapy [28,29]. Similarly, TLS maturation may be impaired
by NAC in ovarian cancer, which could explain the differential prognostic significance between the
PDS and IDS groups in the present study.

This study found that TIL levels were not correlated with prognosis. CD3+ T cells, the CD8/4
cell ratio, and the CD8 /FOXP3 ratio are associated with prognosis in ovarian cancer [2-5]. Both TIL
and TLS induce lymphocytic infiltration via high endothelial venules (HEVs) and are considered
favorable prognostic factors [21,30]. However, the prognostic significance of the presence of CD20+
B cells and CD3+ T cells via the HEV has been conflicting [31]. The mechanism underlying the
correlation between TIL and TLS warrants clarification.

The present study revealed a correlation between the TLS and PD-L1 expression. PD-L1
expression is one of the most promising predictive markers of immune checkpoint inhibitor efficacy
in multiple cancer types. Further, a positive correlation between TLS density and efficacy of immune
checkpoint inhibitors has been demonstrated in non-small-cell lung cancer and bladder cancer
[32,33]. Although immune checkpoint inhibitors have also received attention in ovarian cancer
through the KEYNOTE 100 trial, the modest 7.4-9.9% response rates to pembrolizumab in previously
treated recurrent ovarian cancer cases [34] highlights the need for reliable response-predictive
markers. Our results indicate that TLS may also contribute to an antitumor immune function in
ovarian cancer, and its significance as a response-predictive marker for immune checkpoint inhibitors
needs to be elucidated in future studies.

This study had some limitations. First, it was a single-site study with a small number of patients.
Examining the prognostic value of TLS in histological and NAC-IDS patients may have limited
statistical power. Second, pretreatment biopsy specimens from patients who received NAC could not
be evaluated due to insufficient tumor volume. This limited the interpretation of the lack of
prognostic value of TLS in NAC-IDS patients, that is, whether such occurred because of preceding
chemotherapy, as discussed above, or because of a high tumor burden preventing PDS. Third, this
study was an integrated analysis including histological types, and analysis by each histological type
was insufficient. Fourth, although evaluable pathological sections were selected in cooperation with
an expert pathologist, the evaluators did not follow certain criteria. The TME and genetic background
could vary between sections even within one tumor, and potential bias in sample selection cannot be
excluded. Fifth, TLS was evaluated only using HE and IHC; functional analysis using other
techniques, such as transcriptome analysis, can deepen our understanding of TLS in the TME [11,35].

5. Conclusions

The prognostic impact of TLS, specifically in pre-chemotherapy specimens, and the positive
correlation between TLS and PD-L1 positivity indicate the potential of TLS as a meaningful
biomarker for understanding tumor immunity in the TME and developing immunotherapy for
ovarian cancer.
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Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org., Figure S1: Flow diagram of patients with PDS or with NAC-IDS therapy; Figure
S2: Progression-free survival of patients with or without TLS.
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