





Figure 4 Nomogram predicting the probability of 5-year recurrence-free survival (RFS) and calibration plots. (A) A nomogram
incorporating the presence of TLS, WHO classification and AJCC®" TNM stage. (B) Calibration curve for predicting the
probability of 5-year RFS using the nomogram (A) on the Fudan cohort. (C) Calibration curve for predicting the probability of
5-year RFS using the nomogram (A) on the external validation set. (D) The MSKCC-based nomogram incorporating number
of positive lymph nodes, Ki67 index, tumor diameter, and the presence of vascular or perineural invasion. (E) Calibration curve
for predicting the probability of 5-year RFS by the MSKCC-based nomogram on the Fudan cohort. (F) Calibration curve for
predicting the probability of 5-year RFS by the MSKCC-based nomogram on the external validation set. AJCC®", 8th edition
American Joint Committee on Cancer; MSKCC, Memorial Sloan-Kettering Cancer Center; TLS, tertiary lymphoid structures;

TNM, tumor-node-metastasis.

The c-indices of the MSKCC-based nomogram on the
Fudan cohort and external validation set were 0.692 and
0.719, respectively, indicating less discrimination than the
new nomogram based on TLS, WHO classification and
AJCC8th TNM stage. Calibration plots for the two cohorts
were shown in figure 4E,F.

DISCUSSION

To better define the implications of TLS in G1/G2
NF-PanNETs, we analyzed tumors from a 182-patient
Fudan cohort and a 125-patient external validation set.
Tumors were examined for the presence of TLS, and
when present, for their cellular composition, associa-
tion with tumor-infiltrating immune cells, to provide
information on the tumorimmune microenvironment,
and to understand their prognostic significance. Finally,
we introduced a strategy to improve clinical prognostic
accuracy.

To our knowledge, this is the first study to describe the
presence and prognostic significance of TLS in G1/G2
NF-PanNETs. We identified TLS in tumors from 35.7% of
enrolled patients. In NF-PanNETs, the TLS were located
peritumorally, either just outside the tumor tissue or in
the stromal area. Interestingly, the location of TLS in
NF-PanNETs was distinct from that reported for patients
with pancreatitis and pancreatic ductal adenocarcinoma
(PDAC).*® In chronic pancreatitis and autoimmune
pancreatitis, TLS were distributed evenly in pancreatic

tissues.” In PDAC, TLS were generally located peritumor-
ally and adjacent to vessels (ie, venules and capillaries)."®
Tumor tissues were typically surrounded by peritumoral
TLS with onlya few cases showing intratumoral TLS. None-
theless, the rare presence of intratumoral TLS was an inde-
pendent, favorable prognostic factor in PDAC."*® The
unique distribution of TLS in tumor/pancreatic tissues
from patients with NF-PanNETs, pancreatitis, and PDAC,
may reflect completely different immune microenviron-
ment among these diseases. TLS were mainly composed
of B-cell follicles with germinal centers and T-cell zones
with DGCs, having a distribution similar to SLO. Previous
work showed that CD4" T cells within TLS could support
the differentiation of CD8" T cells.”” DCs within TLS could
present tumor antigens to the T cells located in the TLS,
which could be critical for T cell-mediated anti-tumor
responses.17 Consistent with Cai et al,38 we rarely detected
FOXP3" Tregs in G1/G2 NF-PanNET tissues, though the
presence of Tregs in TLS has been reported to be nega-
tively associated with the activation of CD4" and CD8" T
cells, inhibiting immune response against tumors.”” In
order to clearly demonstrate the cellular composition of
TLS, specifically relationship to cells of adaptive immune
system, we conducted multispectral immunohistochem-
ical analysis, which supported the results of our conven-
tional IHC staining, but provided additional information
regarding the quantity and spatial relationships between
different populations of immune cells.
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We also showed that TLS were more likely to be detected
in patients who had negative lymph node, absence of
vascular and perineural invasion, lower TNM stage (1,
II), and lower WHO grade (Gl), although only absence
of vascular invasion reached statistical significance.
For better characterization of TLS in heterogeneous
PanNENs, we examined other types of PanNENs, G1,/G2
functional PanNETs, G3 NF-PanNETs, and PanNECs for
the presence of TLS. Others have shown that the prog-
noses of patients with NF-PanNETs were poorer when
compared to patients with functional PanNETs, especially
for insulinoma, and were significantly better than patients
with poorly differentiated PanNECs.**™** We found that
the percentage of TLS in G1/G2 NF-PanNETs was lower
than in G1/G2 functional PanNETs, although this differ-
ence was not statistically significant. Additionally, as the
tumor grade increases, the percentage of TLS decreases
significantly. This supported TLS as a favorable prognostic
indicator. Further, we demonstrated that immune cells
derived from the adaptive immune system (ie, CD4" T
and CD8" T cells, CD20" B cells, and CD45RO" memory T
cells) were more abundant in tumor tissues with TLS than
those without TLS. In contrast, the numbers of immune
cells derived from the innate immune system (ie, CD68"
TAMs) in G1/G2 NF-PanNET tissues containing TLS
were significantly lower than those lacking TLS. These
findings are similar to those of previous studies,'®*" * and
indicate that TLS might allow for higher infiltration of
effector immune cells, thus rendering a more effective
anti-tumor immune response. Given the close correlation
between the presence of TLS and the infiltration of adap-
tive immune cells into the tumors, TLS might serve as a
potential biomarker of effective immunotherapies.

Univariate and multivariate survival analyses demon-
strated that the presence of TLS in G1/G2 NF-PanNETs
was an independent prognostic indicator of longer RFS
and OS in both the Fudan cohort and external valida-
tion set. Surprisingly, we found the number of TLS did
not impact RFS and OS. We used data from this study to
construct a nomogram that accurately predicted the prob-
ability of 5-year RFS of resected G1/G2 NF-PanNETs, with
better predictive ability than predictions based on WHO
classification or AJCC™ TNM stage. We propose that a
nomogram incorporating the presence of TLS, WHO
classification, and AJCC*™™ TNM stage would improve
personalized surveillance, facilitate the design of clinical
trials, and potentially assist clinical practice.

In addition to the MSKCC nomogram, there are other
prediction models of RFS in NF-PanNETs. However, these
predictive models have one or more limitations, such as
being derived from single-institution data, including only
clinicopathological characteristics, and/or lacking valida-
tion with an external cohort. For example, Genc et al**
proposed a new scoring system to predict recurrence in
G1/G2 NF-PanNETs that included tumor grade, posi-
tive lymph nodes, and perineural invasion, but lacked an
external validation set. Similarly, Ellison et al'” developed
a simple prognostic tool using grade, sex, and binary age

based on a single-institution series that lacked external
validation. Our institution also generated a recurrent-risk
stage system based on independent predictors of recur-
rence in PanNETs including T stage, N stage, insulinoma
and Ki67 index."' In contrast to these models, our newly
constructed nomogram includes not only clinical char-
acteristics but also immune microenvironment compo-
nents-TLS, which might help us predict the prognosis
of NF-PanNETs more accurately. Overall, our data indi-
cate that our nomogram is as good, if not better than the
aforementioned prognostic models of Genc, Ellison, and
our own institution.

Accumulated datasuggest that TLS may be importantfor
eliciting strong cellular and humoral immune responses.
For example, Lutz et al* % showed that TLS formed in
immune-responsive patients with PDAC following GVAX
(a granulocyte-macrophage colony-stimulating factor
gene-modified tumor cell vaccine) treatment, whereas
non-immune-responsive patients did not form TLS
following GVAX treatment. Likewise, patients with high-
grade cervical intraepithelial neoplasia, who received
therapeutic administration of a human papillomavirus
serotype 16 vaccine, formed TLS, whereas untreated
patients did not.*” These findings might provide insights
on the future research about NF-PanNETs and prompt
in-depth studies on the role of TLS in tumor-immune
microenvironment and immunotherapies.

Several limitations exist in the current study. First, all
retrospective studies have inherent limitations. Second,
given the retrospective nature of the study and the low
prevalence of NF-PanNETs, we relied on IHC and mIHC
to analyze samples for their cellular composition rather
than flow cytometry, as the fresh samples required for
flow cytometry were difficult to obtain. Additionally, this
study did not investigate the association among tumor
mutation background, immune checkpoints molecules
(ie, PD-1 and its ligands PD-L1/PD-L2) and TLS. It
will be important to define the composition of tumor-
immune microenvironment and dissect TLS in NF-Pan-
NETs in the future. Finally, prospective clinical trials will
be required to investigate the possibility of using TLS as
a biomarker for tumors that may be more responsive to
immunotherapies.

Overall, the presence of TLS in G1/G2 NF-PanNET
tissues appeared to be an independent prognostic factor
of RFS and OS and was suggested to represent an immune-
responsive microenvironment.
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Supplementary data

Figure legends

Figure S1. The shape, size, and location of tertiary lymphoid structures (TLS). The
shape and size of TLS were variable, and the majority of TLS were oval (A and C) or

irregular (B and D). Peritumoral TLS were positioned just outside the tumor tissue (D)

or in the stromal area of the tumors (A-C). Magnification: 100x.
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Figure S2. The presence of tertiary lymphoid structures (TLS) in groups of patients
stratified by clinicopathological characteristics of G1/G2 NF-PanNET patients (A)
and in different groups of PanNENs (B). A P-value <0.05 was considered statistically

significant (¥).
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Figure S3. Tumor-infiltrating immune cells in G1/G2 NF-PanNET tissues with
different numbers of tertiary lymphoid structures (TLS). Average numbers of
tumor-infiltrating immune cells were counted at five random high-power fields (HPFs,
%x200). Each column represented the mean + SD (standard deviation). A P-value

<0.05 was considered statistically significant, P<0.05 (*), P<0.01 (**), and P<0.001
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Table S1. Statistical analyses among G1/G2 NF-PanNETs stratified by the number of

TLS
Fudan cohort External validation set
(n=182) (n=125)
Comparisons Log-rank P-value Log-rank P-value
RFS TLSq vs. TLS, 4 0.009 <0.001
0.017 0.019
TLSO Vs. TLSZS
0.170 0.427
TLS, 4 vs. TLSz;5
OS TLSy vs. TLS, 4 0.032 0.008
0.004 0.042
TLSO Vs. TLSZS
0.645 0.579

TLSl_4 vs. TLSES

Note: RFS: recurrence-free survival; OS: overall survival; TLS: tertiary lymphoid structures; TLS:

tumors without TLS; TLS, 4: tumors with up to 4 TLS; TLS>s: tumors with more than 5 TLS.
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