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Abstract

Nivolumab, an immune checkpoint blocker, has been approved for advanced gastric cancer
(GC), but predictive factors of nivolumab’s efficacy in patients with GC, especially immune
cells such as tissue-resident memory T cells or those forming tertiary lymphoid structures
(TLS), remain unclear. Tissue samples were obtained from surgically resected specimens
of patients with GC who were treated with nivolumab as third-line or later treatment. Immu-
nohistochemical staining was performed to detect the presence of TLS and CD103" T cells
and assess the association between TLSs and response to nivolumab treatment. A total of
19 patients were analyzed. In patients with partial response (PR) to nivolumab, numerous
TLS were observed, and CD103" T cells were found in and around TLS. Patients with

many TLS experienced immune-related adverse events more often than those with few TLS
(p=0.018). The prognosis of patients with TLS high was better than those with TLS low.
Patients with a combination of TLS high and CD103 high tended to have a better prognosis
than other groups. Our results suggested that TLS status might be a predictor of nivolumab
effectiveness.

1. Introduction

Advanced gastric cancer (GC) has a poor prognosis, despite the development of various che-
motherapies [1-3]. Immunotherapy approaches, especially immune checkpoint blockade of
programmed death 1 (PD-1), has recently emerged as a promising strategy in the treatment of
several cancers [4-6].

Nivolumab, a human IgG4 monoclonal antibody against PD-1, demonstrated survival
benefit in patients with advanced GC in a Phase 3 trial (ATTRACTION-2) [7] and has been
applied in the treatment of advanced GC.
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As immunotherapy has well-recognized clinical efficacy, research to identify biomarkers
that predict efficacy has also progressed. In GC, tumor-infiltrating lymphocytes (TILs) are
known to be associated with favorable prognosis [8]. It has been reported that Epstein-Barr
positive GC, patients with high microsatellite instability, and high tumor mutational burden
exhibit increases in local TILs and clinical response to pembrolizumab [9-11]. However, it is
difficult to directly quantify TILs accurately; thus, the development of a simpler evaluation
method is desirable.

Tertiary lymphoid structures (TLS), aggregates of various immune cells around B cells, are
structurally and functionally similar to secondary lymph organs, and function as antigen-pre-
serving cells and activate T cells [12, 13]. TLS are associated with antitumor immune responses
and good prognosis in several cancers [14-16]. We also previously reported that TLS in GC
can be easily and objectively quantified and correlated with prognosis [17]. Cabrita et al. [18]
recently reported that TLS improve the efficacy of immunotherapy against melanoma and
therefore could be a biomarker for nivolumab. In addition, Workel et al. [19] reported that
CD103™ T cells, which are tissue-resident memory T cells that have attracted attentions as an
immunotherapy target [20-22], produced CXCL13 which is essential for the formation of TLS
[12]. Moreover, we previously showed that CD103" T cells are considered to be a subpopula-
tion of CD8" TILs [23]. We hypothesized that the density of TLS around the primary tumor
may help predict the clinical response to nivolumab therapy in patients with advanced GC in
replace of CD8" TILs.

The aim of the present study is to assess the association between the presence of TLS and
the response to nivolumab in patients with recurrent GC.

2. Materials and methods
2.1. Patients and samples

This study included patients with advanced GC who had been treated with nivolumab as
third- or later line therapy at Osaka City University Hospital between 2017 and 2020. The stan-
dard nivolumab dose of 3 mg/kg was administrated intravenously every 2 weeks until disease
progression or unacceptable toxicity. We obtained 19 tumor tissue samples from surgically
resected specimens and evaluated them retrospectively. Patients with R1 surgery (peritoneal
metastasis (P1) or intraoperative peritoneal lavage cytology positive (POCY1)) were included if
tumor lesions were resected macroscopically. Patients who underwent chemotherapy before
surgery were excluded. Pathological tumor-node-metastasis (TNM) staging was determined
histologically based on the 7™ edition of the Union for International Cancer Control TNM
classification, and the histologic type was determined based on the 14™ Edition of the Japanese
Classification of Gastric Cancer. Differentiated (well differentiated, moderately differentiated,
or papillary adenocarcinoma) and undifferentiated (poorly differentiated, mucinous adenocar-
cinoma, or signet-ring cell carcinoma) types were defined according to the predominant histo-
logic type in the tumor. Response of the target region to nivolumab was classified according

to the Response Evaluation Criteria in Solid Tumors guidelines. This study was performed
according to the Declaration of Helsinki and approved by the Osaka City University Ethics
Committee. Informed consent was obtained from all patients.

2.2. Immunohistochemistry

TLS is observed as aggregates of various immune cells, including B cells, T cells, high endothe-
lial venules, and follicular dendritic cells, and the centers of TLS are located in B cells that
formed clusters. We therefore defined the cluster of CD20" B cells as TLS in this study, as we
previously reported [17]. Allimmunohistochemistry analyses were carried out on 4-um-thick
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sections from paraffin-embedded tumor blocks. Nonspecific binding was blocked using non-
specific staining blocking reagent (Dako, Agilent Technologies, Inc.). The sections were then
reacted with mouse anti-CD20 (clone: L26; prediluted; Dako, Agilent Technologies, Inc.) or
rabbit monoclonal anti-CD103 (clone: EPR4166 (2); 1/1000; Abcam) antibody at 4°C over-
night. Sections were incubated with secondary antibody for 10 min at room temperature.
After washing in phosphate-buffered saline, the sections were visualized using 3-3’-diamino-
benzidine for 5 min and counterstained with hematoxylin.

2.3. Evaluation of immunohistochemical staining

Tumor sections stained with anti-CD20 antibody were scanned at x20 magnification. Three
fields with the greatest area of intratumoral and peritumoral CD20" cells were randomly
selected, and the percentage area (%) of each field with CD20" cells was calculated using Image
J software (NIH, Bethesda, MD, USA). Tumor sections stained with anti-CD103 antibody
were scanned at x200 magnification. The five most representative high-power fields were ran-
domly selected and the average number of CD103" T cells in the five fields was calculated. All
microscopic images were imported from the digital photo filing system DP-73 (Olympus,
Tokyo, Japan), and immunohistochemical analyses were performed by two observers who
blinded to clinical outcome. In case of disagreement, the slides were reviewed and reanalyzed
until a consensus was reached between two observers. Patients were divided into two groups
according to the median range: TLS high and TLS low, CD103 high and CD103 low.

2.4. Statistical analysis

Statistical analysis was performed using JMP 14 software (SAS Institute, Cary, NC, USA). Fish-
er’s exact test was used to assess the associations between the expression of CD20 and clinico-
pathological features. Overall survival (OS) and progression-free survival (PES) curves were
calculated according to the Kaplan-Meier method, and significant differences in survival were
determined using the log-rank test. The day of nivolumab start was used as the starting point
for the measurement of OS. PFS was defined as the time between the day of each chemother-
apy start and disease progression. For all other experiments, data were compared using the
two-tailed Student’s -test. For all analyses, p-values < 0.05 were considered statistically
significant.

3. Results
3.1. Patients

A total of 19 patients (7 female and 12 male) were analyzed, and the median age was 69 (60-
76) years. There were 8 patients of stage IV (2 P1, 6 POCY1), and these cases were R1 surgery
although tumor lesions were resected macroscopically. The median time from surgery to dis-
ease recurrence and to initiation of nivolumab treatment was 9.2 (6.5-18.2) and 18.7 (11.0-
35.1) months, respectively. The median nivolumab administration time was 4.9 (1.9-9.3)
months. Four patients experienced immune-related adverse events (irAEs) (1 pneumonia, 1
gastrointestinal perforation, 1 hypothyroidism, 1 adrenal gland dysfunction). 2 patients
experienced irAEs within 3 months, and 2 patients experienced irAEs after 8 months. Partial
response (PR) was observed in 3 patients, stable disease (SD) in 5 patients, and progressive dis-
ease (PD) in 11 patients; and the response rate was 15.8% and disease control rate (DCR)
42.1%. Among the 4 patients with irAEs, PR was observed in 2 patients, SD in 1 patient, and
PD in 1 patient. The OS period was 7.0 (3.9-15.2) months, and the PFS period was 4.9 (2.1-
9.3) months.
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Fig 1. Representative immunohistochemical images of TLS. (A) Predominant staining pattern: the percent area of TLS was 2.9%. (B) Median range:
the percent area of TLS was 1.24%. (C) Predominant nonstaining pattern: the percent area of TLS was 0%. Scale bars: 500 um.

https://doi.org/10.1371/journal.pone.0262455.9g001

Representative images of TLS are shown Fig 1. The median percentage area of TLS in the
19 patients was 1.24% (0.31%-2.14%) and the values for patients with PR and irAEs are shown
in S1 Fig.

3.2. Clinicopathological features between patients with TLS high and low

The association between TLS and the clinicopathological features is summarized in Table 1.
There were no associations between the density of TLS and age, gender, performance status,
histological type, pathological progression, or the number of CD103" T cells. Moreover, no sig-
nificant difference in time from initiation of 1st-line chemotherapy to nivolumab between
patients of TLS high and low (high vs low, 18.0 vs 12.9 months, p = 0.624). For nivolumab
treatment, there was no difference between TLS high and low and nivolumab treatment dura-
tion. However, patients with TLS high experienced irAEs more often than those with TLS low
(p = 0.033). All patients exhibiting PR were high TLS. DCR in patients with TLS high and low
was 66.7% and 20%, respectively, and patients with TLS high tended to have a better response
to nivolumab treatment than those with TLS low (p = 0.063).

3.3. Survival analysis

Patients with TLS high had improved OS (Fig 2A, a; p = 0.045). Although no significant differ-
ence in PFS was observed, median PFS was 6 months in the TLS low group versus 9 months in
the TLS high group (Fig 2A, b). When considering the combination of TLS and CD103" T
cells, patients with TLS high and CD103 high had a tendency to be longer survival compared
with the other groups (Fig 2B, a). For each treatment period, there was not a statistically signif-
icant difference in PFS on Ist- and 2nd-line chemotherapy and nivolumab therapy. On the
other hand, when nivolumab therapy was used as the starting time of PFS, individuals with
high TLS and high CD103 tended to have longer PFS (Fig 2B, b-d).

3.4. Representative case presentation

We show a representative example of patients who had a PR. The patient with pT3N1MO0f
stage IIIA received nivolumab as third-line treatment for para-aortic lymph node metastasis
recurrence. Six months later, the lymph node metastasis had decreased (Fig 3A), and we evalu-
ated as PR. Finally, the patient was treated with nivolumab for 14 months. Immunohistochem-
istry analysis of tumor tissue from this patient revealed large aggregates of CD20" cells, which
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Table 1. Correlations between clinicopathological factors and Tertiary Lymphoid Structures (TLS).

n or median TLS
low high P
Age <75 years 12 6 6 1.0
>75 years 4 3
Gender Female 2 5 0.350
Male 12 8 4
Performance status 0 5 3 2 0.794
1 9 4 5
2 5 3 2
Histology Differentiated 6 3 3 1.0
Undifferentiated 13 7 6
pT status 2-3 6 4 3 1.0
4 13 6 6
PN status 0 3 2 1 1.0
1-3 16 8 8
pStage I-1II 11 5 6 0.650
v 8 5 3
The number of CD103" T cells 22.2 (10.2-42.2) 18.7 (7.4-42.6) 25.2 (18.3-39.9) 0.191
Target for treatment
Liver metastasis 3 3 0
Lymph node metastasis 5 2 3 0.261
Peritoneum metastasis 11 5 6
Time from surgery to disease recurrence (month) 9.2 (6.5-18.2) 12.3 (6.6-32.6) 9.0 (6.0-13.9) 0.327
Time from initiation of 1st-line chemotherapy to nivolumab 14.7 (7.0-28.2) 12.9 (6.4-29.2) 18.0 (9.2-27.2) 0.624
(month)
Nivolumab administration time (month) 4.9 (1.9-9.3) 3.9(2.1-7.0) 4.9 (1.6-9.7) 0.683
irAE - 15 10 5 0.033
+ 4 0 4
Response to treatment PR 3 0 3 0.062
SD 5 2 3
PD 11 8 3

TLS; Tertiary lymphoid structure, irAE; Inmune-related Adverse Event, PR; Partial Response, SD; Stable Disease, PD; Progressive Disease

Data are expressed as median range (interquartile range) or n.

https://doi.org/10.1371/journal.pone.0262455.t001

were referred to as TLS, were observed in the tumor tissue (Fig 3B, a). The percentage of area
of TLS was 2.36%. Furthermore, numerous CD103™ T cells were located around the TLS in
this patient (Fig 3B, b).

4. Discussion

In this study, we showed that patients with TLS high experienced more irAEs and had a better
response to nivolumab treatment and better prognosis than those with TLS low in terms of
prognosis of recurrent GC treated with nivolumab in third and subsequent lines.

In this study, we found that patients with recurrent GC treated with nivolumab, in whom
TLS were found predominantly around the periphery of the primary tumor, exhibited longer
survival time after nivolumab treatment, even if they had SD or PD. From this result, it can be
inferred that the immune response is more likely to occur or be enhanced in the patient’s
body. An important component of the local immune response is the TIL population. The
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Fig 2. Prognostic impact of TLS in GC. (A) Kaplan-Meier plots using the log-rank test for OS and PFS according to the percent area of TLS. Patients
with TLS high had a better prognosis than those with TLS low (a: OS; p = 0.045). Patients with TLS high tended to have a better prognosis (b: PFS;

p = 0.1752). (B) Kaplan-Meier plots using the log-rank test for OS according to the combination of TLS and CD103" T cells. (a) Patients with TLS high
and CD103 high tended to have a better prognosis than other groups. (b-d) There was not a statistically significant difference in PFS on 1st- and 2nd-
line chemotherapy and nivolumab therapy. When nivolumab therapy was used as the starting time of PFS, individuals with high TLS and high CD103

tended to have longer PFS.

https://doi.org/10.1371/journal.pone.0262455.9002

immune cycle proposed by Chen et al. [24] recognizes the importance of lymphoid tissues in
the process of naive T cells being presented with antigens and become cytotoxic T lymphocytes
(CTLs); i.e., CD8" TILs. We previously showed that TLS in GC may function as antigen-pre-
senting cells and have the ability to induce CTLs [25].

On the other hand, various studies had shown that CD8" T cells expressing CD103 are asso-
ciated with a good prognosis in some cancers including GC [22, 26-29]. CD103 is a marker of
tissue-resident memory T cells which are considered potent effector cells. We also demon-
strated that approximately 70% of CD8" TILs in GC are resident memory T cells [23]. Further-
more, in murine model, it was reported that CD103" T cells produce CXCL13, which is
essential for the formation of TLS [12, 30]. Therefore, we hypothesized that TLS could be used
for evaluation in GC instead of TILs.

Some recent studies showed that TLS enhance the response to immunotherapy in patients
with melanoma or lung cancer and therefore might serve as a biomarker of anti PD-1 therapy
[18,31]. CD103" T cells themselves express PD-1 [20], and previous studies showed that
CD103" T cells might be a suitable target of anti PD-1 therapy [22, 32]. As shown in the case
presentation, the patient with PR exhibited TLS high and CD103 high. Although no significant
difference was found between the density of TLS and CD103™ T cells in this study because of
small sample size, the median number of CD103" T cells was 18.7 in TLS low versus 25.2 in
TLS high, and patients with TLS high and CD103 high tended to predict a longer prognosis
only on nivolumab treatment. In other words, we speculated that the presence of both TLS
and CD103™ T cells is associated with a strong immune response and is actually predictive of
outcome to immunotherapy.
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(b)

B (a) CD20 (b) CD103

b

Fig 3. Representative CT-scan images and immunohistochemistry results using anti-CD20 and anti-CD103 antibodies in a PR patient. (A, a)
Para-aortic lymph node metastasis recurrence was found (yellow circle). (b) Six months later, the metastatic lymph node decreased. (B, a) Aggregates of
CD20" cells were observed in the tumor tissue, which were considered TLS. Scale bar: 500 um. (b) CD103" T cells were found around TLS (black
arrowhead). Scale bar: 500 pm.

https://doi.org/10.1371/journal.pone.0262455.g003

Other indirect evidence of a strong immune response to nivolumab in patients with high
TLS is in relation to irAEs. Several studies have shown that irAEs are associated with the effi-
cacy of PD-1 blockade in patients with various cancers [33-36]. The development of irAEs is
thought to be bystander effect by activated T cells. In other words, when effective cases, T cells
which activated by immunotherapy attack not only tumor cells but also normal tissues, result-
ing in the development of irAEs [37]. We speculate that the activation of T cells is associated
with TLS. Indeed, in the present study, 4 patients experienced irAEs and all patients had TLS
high. Moreover, of the 4 patients, 3 patients predicted a good disease control by nivolumab
therapy. Although there is a possibility that prolonged treatment with nivolumab in patients
with TLS high leads to the development of irAEs, some patients developed irAEs early. There-
fore, our results suggest that patients with TLS high mount a stronger immune response and a
higher T cell activation than those with TLS low, resulting in more irAEs and better effective-
ness of nivolumab.

This study has several limitations. First, the study was retrospective in design and had a
small sample size of only 19 patients from a single institution. Furthermore, this study contains
many patients who underwent surgery for radical resection. Therefore, these results may not
apply to all patients who receive 3rd-line or higher nivolumab therapy, particularly to patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0262455 January 7, 2022 7/11


https://doi.org/10.1371/journal.pone.0262455.g003
https://doi.org/10.1371/journal.pone.0262455

PLOS ONE

Clinical efficacy of nivolumab is associated with TLS in gastric cancer

with de novo metastasis. Although it is clear that further confirmation in large scale cases is
needed, this is the first report suggesting that local TLS in gastric cancer may be associated
with the prognosis of patients treated with immune checkpoint molecules. Second, the tumor
immune environment could have changed during nivolumab administration may change
from the environment present when we evaluated TLS using surgically resected specimens as
chemotherapy was introduced before nivolumab treatment for GC. Although Silina et al. [38]
showed that neoadjuvant chemotherapy impairs the maturation of TLS, whether the area of
TLS changed before and after chemotherapy remains unclear, because it is difficult to evaluate
TLS using biopsy samples. Third, TLS were evaluated only by immunohistochemistry and
thus, intratumoral heterogeneity could have affected the results. However, the ability to detect
TLS by immunohistochemistry in low-power fields is an advantage. In the future, research on
another evaluation method such as blood markers that reflect intratumoral TLS by analyzing
cells-free DNA using liquid biopsy is desired to apply to patients with de novo metastasis.

5. Conclusions

TLS around the resected tumor were found to be associated with superior OS but not PFS in
nivolumab treatment after recurrence in 19 patients with GC. This suggests that an anti-tumor
immune response may be generated by TLS around the primary tumor. The number of local
TLS may therefore be evaluated in the future as a predictor of nivolumab efficacy in the treat-
ment of recurrent GC.

Supporting information

S1 Fig. Histogram of the percentage area of TLS in 19 patients. The median percentage area
of TLS in the 19 patients was 1.24% (0.31%-2.14%). The percentage area of TLS in the patients
with PR and irAEs is 2.39% and 2.01%, respectively.

(TIF)

Author Contributions
Conceptualization: Hiroaki Tanaka, Masaichi Ohira.

Data curation: Takuya Mori, Sota Deguchi, Yoshihito Yamakoshi, Yuichiro Miki, Mami
Yoshii, Tatsuro Tamura, Takahiro Toyokawa, Shigeru Lee, Kazuya Muguruma.

Formal analysis: Takuya Mori, Sota Deguchi, Yoshihito Yamakoshi, Yuichiro Miki, Mami
Yoshii, Tatsuro Tamura, Takahiro Toyokawa, Shigeru Lee, Kazuya Muguruma.

Investigation: Takuya Mori.

Methodology: Hiroaki Tanaka, Masaichi Ohira.

Project administration: Hiroaki Tanaka, Masaichi Ohira.
Supervision: Hiroaki Tanaka, Masaichi Ohira.
Visualization: Takuya Mori.

Writing - original draft: Takuya Mori.

Writing - review & editing: Hiroaki Tanaka, Masaichi Ohira.

References

1. Fuchs CS, Doi T, Jang RW, Muro K, Satoh T, Machado M, et al. Safety and Efficacy of Pembrolizumab
Monotherapy in Patients With Previously Treated Advanced Gastric and Gastroesophageal Junction

PLOS ONE | https://doi.org/10.1371/journal.pone.0262455 January 7, 2022 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262455.s001
https://doi.org/10.1371/journal.pone.0262455

PLOS ONE

Clinical efficacy of nivolumab is associated with TLS in gastric cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Cancer Phase 2 Clinical KEYNOTE-059 Trial. Jama Oncology. 2018; 4(5). https://doi.org/10.1001/
jamaoncol.2018.0013 PMID: 29543932

Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, et al. S-1 plus cisplatin versus S-1
alone for first-line treatment of advanced gastric cancer (SPIRITS trial): a phase Il trial. Lancet Oncol-
ogy. 2008; 9(3):215-21. https://doi.org/10.1016/S1470-2045(08)70035-4 PMID: 18282805

Leitner H. Ramucirumab plus Paclitaxel versus Placebo plus Paclitaxel in Patients with Previously
Treated Advanced Gastric or Gastro-Oesophageal Junction Adenocarcinoma (RAINBOW): A Double-
Blind, Randomised Phase 3 Trial. Tumorboard. 2015; 4(1):18-9.

Ramakrishnan R, Gabrilovich DI. Novel mechanism of synergistic effects of conventional chemotherapy
and immune therapy of cancer. Cancer Immunology Immunotherapy. 2013; 62(3):405-10. https://doi.
org/10.1007/s00262-012-1390-6 PMID: 23423351

Ribas A, Puzanov |, Dummer R, Schadendorf D, Hamid O, Robert C, et al. Pembrolizumab versus
investigator-choice chemotherapy for ipilimumab-refractory melanoma (KEYNOTE-002): a rando-
mised, controlled, phase 2 trial. Lancet Oncology. 2015; 16(8):908—18. https://doi.org/10.1016/S1470-
2045(15)00083-2 PMID: 26115796

Garon EB, Rizvi NA, Hui RN, Leighl N, Balmanoukian AS, Eder JP, et al. Pembrolizumab for the Treat-
ment of Non-Small-Cell Lung Cancer. New England Journal of Medicine. 2015; 372(21):2018-28.
https://doi.org/10.1056/NEJMoa1501824 PMID: 25891174

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y, Kato K, et al. Nivolumab in patients with advanced gastric
or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy
regimens (ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2017; 390(10111):2461-71. https://doi.org/10.1016/S0140-6736(17)31827-5 PMID:
28993052

Nishino M, Ramaiya NH, Hatabu H, Hodi FS. Monitoring immune-checkpoint blockade: response evalu-
ation and biomarker development. Nature Reviews Clinical Oncology. 2017; 14(11):655-68. https://doi.
org/10.1038/nrclinonc.2017.88 PMID: 28653677

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1 Blockade in Tumors with
Mismatch-Repair Deficiency. New England Journal of Medicine. 2015; 372(26):2509-20. https://doi.
org/10.1056/NEJMoa1500596 PMID: 26028255

Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al. Mismatch repair deficiency pre-
dicts response of solid tumors to PD-1 blockade. Science. 2017; 357(6349):409—13. https://doi.org/10.
1126/science.aan6733 PMID: 28596308

Mishima S, Kawazoe A, Nakamura Y, Sasaki A, Kotani D, Kuboki Y, et al. Clinicopathological and
molecular features of responders to nivolumab for patients with advanced gastric cancer. Journal for
Immunotherapy of Cancer. 2019; 7. https://doi.org/10.1186/s40425-019-0514-3 PMID: 30704511

Dieu-Nosjean MC, Giraldo NA, Kaplon H, Germain C, Fridman WH, Sautes-Fridman C. Tertiary lym-
phoid structures, drivers of the anti-tumor responses in human cancers. Immunological Reviews. 2016;
271(1):260-75. https://doi.org/10.1111/imr.12405 PMID: 27088920

Pimenta EM, Barnes BJ. Role of Tertiary Lymphoid Structures (TLS) in Anti-Tumor Immunity: Potential
Tumor-Induced Cytokines/Chemokines that Regulate TLS Formation in Epithelial-Derived Cancers.
Cancers. 2014; 6(2):969-97. https://doi.org/10.3390/cancers6020969 PMID: 24762633

Germain C, Gnjatic S, Tamzalit F, Knockaert S, Remark R, Goc J, et al. Presence of B Cells in Tertiary
Lymphoid Structures Is Associated with a Protective Immunity in Patients with Lung Cancer. American
Journal of Respiratory and Critical Care Medicine. 2014; 189(7):832—44. https://doi.org/10.1164/rccm.
201309-16110C PMID: 24484236

Ladanyi A, Kiss J, Mohos A, Somlai B, Liszkay G, Gilde K, et al. Prognostic impact of B-cell density in
cutaneous melanoma. Cancer Immunology Immunotherapy. 2011; 60(12):1729-38. https://doi.org/10.
1007/s00262-011-1071-x PMID: 21779876

Nielsen JS, Sahota RA, Milne K, Kost SE, Nesslinger NJ, Watson PH, et al. CD20(+) Tumor-Infiltrating
Lymphocytes Have an Atypical CD27(-) Memory Phenotype and Together with CD8(+) T Cells Promote
Favorable Prognosis in Ovarian Cancer. Clinical Cancer Research. 2012; 18(12):3281-92. https://doi.
org/10.1158/1078-0432.CCR-12-0234 PMID: 22553348

Sakimura C, Tanaka H, Okuno T, Hiramatsu S, Muguruma K, Hirakawa K, et al. B cells in tertiary lym-
phoid structures are associated with favorable prognosis in gastric cancer. Journal of Surgical
Research. 2017; 215:74-82. https://doi.org/10.1016/j.jss.2017.03.033 PMID: 28688665

Cabrita R, Lauss M, Sanna A, Donia M, Larsen MS, Mitra S, et al. Tertiary lymphoid structures improve
immunotherapy and survival in melanoma. Nature. 2020; 577(7791):561-+. https://doi.org/10.1038/
s41586-019-1914-8 PMID: 31942071

Workel HH, Lubbers JM, Arnold R, Prins TM, van der Vlies P, de Lange K, et al. A Transcriptionally Dis-
tinct CXCL13(+)CD103(+)CD8(+) T-cell Population Is Associated with B-cell Recruitment and

PLOS ONE | https://doi.org/10.1371/journal.pone.0262455 January 7, 2022 9/11


https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
http://www.ncbi.nlm.nih.gov/pubmed/29543932
https://doi.org/10.1016/S1470-2045%2808%2970035-4
http://www.ncbi.nlm.nih.gov/pubmed/18282805
https://doi.org/10.1007/s00262-012-1390-6
https://doi.org/10.1007/s00262-012-1390-6
http://www.ncbi.nlm.nih.gov/pubmed/23423351
https://doi.org/10.1016/S1470-2045%2815%2900083-2
https://doi.org/10.1016/S1470-2045%2815%2900083-2
http://www.ncbi.nlm.nih.gov/pubmed/26115796
https://doi.org/10.1056/NEJMoa1501824
http://www.ncbi.nlm.nih.gov/pubmed/25891174
https://doi.org/10.1016/S0140-6736%2817%2931827-5
http://www.ncbi.nlm.nih.gov/pubmed/28993052
https://doi.org/10.1038/nrclinonc.2017.88
https://doi.org/10.1038/nrclinonc.2017.88
http://www.ncbi.nlm.nih.gov/pubmed/28653677
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1056/NEJMoa1500596
http://www.ncbi.nlm.nih.gov/pubmed/26028255
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1126/science.aan6733
http://www.ncbi.nlm.nih.gov/pubmed/28596308
https://doi.org/10.1186/s40425-019-0514-3
http://www.ncbi.nlm.nih.gov/pubmed/30704511
https://doi.org/10.1111/imr.12405
http://www.ncbi.nlm.nih.gov/pubmed/27088920
https://doi.org/10.3390/cancers6020969
http://www.ncbi.nlm.nih.gov/pubmed/24762633
https://doi.org/10.1164/rccm.201309-1611OC
https://doi.org/10.1164/rccm.201309-1611OC
http://www.ncbi.nlm.nih.gov/pubmed/24484236
https://doi.org/10.1007/s00262-011-1071-x
https://doi.org/10.1007/s00262-011-1071-x
http://www.ncbi.nlm.nih.gov/pubmed/21779876
https://doi.org/10.1158/1078-0432.CCR-12-0234
https://doi.org/10.1158/1078-0432.CCR-12-0234
http://www.ncbi.nlm.nih.gov/pubmed/22553348
https://doi.org/10.1016/j.jss.2017.03.033
http://www.ncbi.nlm.nih.gov/pubmed/28688665
https://doi.org/10.1038/s41586-019-1914-8
https://doi.org/10.1038/s41586-019-1914-8
http://www.ncbi.nlm.nih.gov/pubmed/31942071
https://doi.org/10.1371/journal.pone.0262455

PLOS ONE

Clinical efficacy of nivolumab is associated with TLS in gastric cancer

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Neoantigen Load in Human Cancer. Cancer Immunology Research. 2019; 7(5):784—96. https://doi.org/
10.1158/2326-6066.CIR-18-0517 PMID: 30872264

Amsen D, van Gisbergen K, Hombrink P, van Lier RAW. Tissue-resident memory T cells at the center
of immunity to solid tumors. Nature Immunology. 2018; 19(6):538—46. https://doi.org/10.1038/s41590-
018-0114-2 PMID: 29777219

Ganesan AP, Clarke J, Wood O, Garrido-Martin EM, Chee SJ, Mellows T, et al. Tissue-resident mem-
ory features are linked to the magnitude of cytotoxic T cell responses in human lung cancer. Nature
Immunology. 2017; 18(8):940-+. https://doi.org/10.1038/ni.3775 PMID: 28628092

Edwards J, Wilmott JS, Madore J, Gide TN, Quek C, Tasker A, et al. CD103(+) Tumor-Resident CD8(+)
T Cells Are Associated with Improved Survival in Immunotherapy-Naive Melanoma Patients and
Expand Significantly During Anti-PD-1 Treatment. Clinical Cancer Research. 2018; 24(13):3036—45.
https://doi.org/10.1158/1078-0432.CCR-17-2257 PMID: 29599411

Mori T, Tanaka H, Suzuki S, Deguchi S, Yamakoshi Y, Yoshii M, et al. Tertiary lymphoid structures
show infiltration of effective tumor-resident T cells in gastric cancer. Cancer Science. 2021; 112
(5):1746-57. https://doi.org/10.1111/cas. 14888 PMID: 33735485

Chen DS, Mellman I. Oncology Meets Immunology: The Cancer-Immunity Cycle. Immunity. 2013; 39
(1):1-10. https://doi.org/10.1016/j.immuni.2013.07.012 PMID: 23890059

Yamakoshi Y, Tanaka H, Sakimura C, Deguchi S, Mori T, Tamura T, et al. Immunological potential of
tertiary lymphoid structures surrounding the primary tumor in gastric cancer. International Journal of
Oncology. 2020; 57(1):171-82. https://doi.org/10.3892/ij0.2020.5042 PMID: 32319601

Djenidi F, Adam J, Goubar A, Durgeau A, Meurice G, de Montpreville V, et al. CD8(+) CD103(+) Tumor-
Infiltrating Lymphocytes Are Tumor-Specific Tissue-Resident Memory T Cells and a Prognostic Factor
for Survival in Lung Cancer Patients. Journal of Immunology. 2015; 194(7):3475-86. https://doi.org/10.
4049/jimmunol.1402711 PMID: 25725111

Lin R, Zhang H, Yuan YJ, He Q, Zhou JW, Li SH, et al. Fatty Acid Oxidation Controls CD8(+) Tissue-
Resident Memory T-cell Survival in Gastric Adenocarcinoma. Cancer Immunology Research. 2020; 8
(4):479-92. https://doi.org/10.1158/2326-6066.CIR-19-0702 PMID: 32075801

Park SL, Buzzai A, Rautela J, Hor JL, Hochheiser K, Effern M, et al. Tissue-resident memory CD8(+) T
cells promote melanoma-immune equilibrium in skin. Nature. 2019; 565(7739):366-+. https://doi.org/
10.1038/s41586-018-0812-9 PMID: 30598548

Webb JR, Milne K, Watson P, deLeeuw RJ, Nelson BH. Tumor-Infiltrating Lymphocytes Expressing the
Tissue Resident Memory Marker CD103 Are Associated with Increased Survival in High-Grade Serous
Ovarian Cancer. Clinical Cancer Research. 2014; 20(2):434—44. https://doi.org/10.1158/1078-0432.
CCR-13-1877 PMID: 24190978

Germain C, Gnjatic S, Dieu-Nosjean MC. Tertiary lymphoid structure-associated B cells are key players
in anti-tumor immunity. Frontiers in Immunology. 2015; 6. https://doi.org/10.3389/fimmu.2015.00067
PMID: 25755654

Helmink BA, Reddy SM, Gao JJ, Zhang SJ, Basar R, Thakur R, et al. B cells and tertiary lymphoid struc-
tures promote immunotherapy response. Nature. 2020; 577(7791):549-+. https://doi.org/10.1038/
s41586-019-1922-8 PMID: 31942075

Han L, Gao QL, Zhou XM, Shi C, Chen GY, Song YP, et al. Characterization of CD103(+) CD8(+) tis-
sue-resident T cells in esophageal squamous cell carcinoma: may be tumor reactive and resurrected by
anti-PD-1 blockade. Cancer Immunology Immunotherapy. 2020; 69(8):1493-504.

Haratani K, Hayashi H, Chiba Y, Kudo K, Yonesaka K, Kato R, et al. Association of Inmune-Related
Adverse Events With Nivolumab Efficacy in Non-Small Cell Lung Cancer. Jama Oncology. 2018; 4
(3):374-8. https://doi.org/10.1001/jamaoncol.2017.2925 PMID: 28975219

Masuda K, Shoji H, Nagashima K, Yamamoto S, Ishikawa M, Imazeki H, et al. Correlation between
immune-related adverse events and prognosis in patients with gastric cancer treated with nivolumab.
Bmc Cancer. 2019; 19(1). https://doi.org/10.1186/s12885-019-6150-y PMID: 31638948

Matsuoka H, Hayashi T, Takigami K, Imaizumi K, Shiroki R, Ohmiya N, et al. Correlation between
immune-related adverse events and prognosis in patients with various cancers treated with anti
PD-1 antibody. Bmc Cancer. 2020; 20(1). https://doi.org/10.1186/s12885-020-07142-3 PMID:
32664888

Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab in Previously Untreated
Melanoma without BRAF Mutation. New England Journal of Medicine. 2015; 372(4):320-30. https://doi.
org/10.1056/NEJMoa1412082 PMID: 25399552

Das S, Johnson DB. Immune-related adverse events and anti-tumor efficacy of immune checkpoint
inhibitors. Journal for Immunotherapy of Cancer. 2019; 7(1). https://doi.org/10.1186/s40425-019-0805-
8 PMID: 31730012

PLOS ONE | https://doi.org/10.1371/journal.pone.0262455 January 7, 2022 10/11


https://doi.org/10.1158/2326-6066.CIR-18-0517
https://doi.org/10.1158/2326-6066.CIR-18-0517
http://www.ncbi.nlm.nih.gov/pubmed/30872264
https://doi.org/10.1038/s41590-018-0114-2
https://doi.org/10.1038/s41590-018-0114-2
http://www.ncbi.nlm.nih.gov/pubmed/29777219
https://doi.org/10.1038/ni.3775
http://www.ncbi.nlm.nih.gov/pubmed/28628092
https://doi.org/10.1158/1078-0432.CCR-17-2257
http://www.ncbi.nlm.nih.gov/pubmed/29599411
https://doi.org/10.1111/cas.14888
http://www.ncbi.nlm.nih.gov/pubmed/33735485
https://doi.org/10.1016/j.immuni.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/23890059
https://doi.org/10.3892/ijo.2020.5042
http://www.ncbi.nlm.nih.gov/pubmed/32319601
https://doi.org/10.4049/jimmunol.1402711
https://doi.org/10.4049/jimmunol.1402711
http://www.ncbi.nlm.nih.gov/pubmed/25725111
https://doi.org/10.1158/2326-6066.CIR-19-0702
http://www.ncbi.nlm.nih.gov/pubmed/32075801
https://doi.org/10.1038/s41586-018-0812-9
https://doi.org/10.1038/s41586-018-0812-9
http://www.ncbi.nlm.nih.gov/pubmed/30598548
https://doi.org/10.1158/1078-0432.CCR-13-1877
https://doi.org/10.1158/1078-0432.CCR-13-1877
http://www.ncbi.nlm.nih.gov/pubmed/24190978
https://doi.org/10.3389/fimmu.2015.00067
http://www.ncbi.nlm.nih.gov/pubmed/25755654
https://doi.org/10.1038/s41586-019-1922-8
https://doi.org/10.1038/s41586-019-1922-8
http://www.ncbi.nlm.nih.gov/pubmed/31942075
https://doi.org/10.1001/jamaoncol.2017.2925
http://www.ncbi.nlm.nih.gov/pubmed/28975219
https://doi.org/10.1186/s12885-019-6150-y
http://www.ncbi.nlm.nih.gov/pubmed/31638948
https://doi.org/10.1186/s12885-020-07142-3
http://www.ncbi.nlm.nih.gov/pubmed/32664888
https://doi.org/10.1056/NEJMoa1412082
https://doi.org/10.1056/NEJMoa1412082
http://www.ncbi.nlm.nih.gov/pubmed/25399552
https://doi.org/10.1186/s40425-019-0805-8
https://doi.org/10.1186/s40425-019-0805-8
http://www.ncbi.nlm.nih.gov/pubmed/31730012
https://doi.org/10.1371/journal.pone.0262455

PLOS ONE Clinical efficacy of nivolumab is associated with TLS in gastric cancer

38. SilinaK, Soltermann A, Attar FM, Casanova R, Uckeley ZM, Thut H, et al. Germinal Centers Determine
the Prognostic Relevance of Tertiary Lymphoid Structures and Are Impaired by Corticosteroids in Lung
Squamous Cell Carcinoma. Cancer Research. 2018; 78(5):1308—20. https://doi.org/10.1158/0008-
5472.CAN-17-1987 PMID: 29279354

PLOS ONE | https://doi.org/10.1371/journal.pone.0262455 January 7, 2022 11/11


https://doi.org/10.1158/0008-5472.CAN-17-1987
https://doi.org/10.1158/0008-5472.CAN-17-1987
http://www.ncbi.nlm.nih.gov/pubmed/29279354
https://doi.org/10.1371/journal.pone.0262455

