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Tertiary lymphoid structures’ pattern D
and prognostic value in primary
adenocarcinoma of jejunum and ileum
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Yingyong Hou'"

Abstract

To date, there have been no reports on tertiary lymphoid structures (TLS) in primary adenocarcinoma of jejunum
and ileum. In this study, we employed digital pathology image analysis software to classify and quantify TLS,

and evaluated the maturity of TLS using immunohistochemistry. Molecular genetics and immunotherapy
biomarker detection were performed using next-generation sequencing technology, such as tumor mutational
burden (TMB) and microsatellite instability (MSI). The aim of this study was to investigate the presence, location,
maturity, association with immunotherapy biomarkers, and prognostic value of TLS in primary adenocarcinoma
of jejunum and ileum. Compared to secondary follicle-like TLS (SFL-TLS), intra-tumoral TLS (IT-TLS) were more
likely to manifest as early TLS (E-TLS) (P=0.007). Compared to IT-TLS, SFL-TLS had a higher propensity to occur at
the invasive margin (IM) (P=0.032) and showed a trend towards being more prevalent at the tumor periphery
(P=0.057). In terms of immunotherapy biomarkers, there was a higher trend of IM-TLS density in PD-L1(22C3)
score CPS< 1 group compared to PD-L1(22C3) score CPS>1 group (P=0.071). TMB-H was significantly associated
with MSI-H (P=0.040). Univariate survival analysis demonstrated a correlation between high SFL-TLS group and
prolonged disease free survival (DFS) (P=0.047). There was also a trend towards prolonged DFS in the E-TLS-high
group compared to the E-TLS-low group (P=0.069). The peri-tumoral TLS (PT-TLS)-high group showed a trend of
prolonged overall survival (OS) compared to the PT-TLS-low group (P=0.090). In conclusion, the majority of TLS
were located at the invasive margin and tumor periphery, predominantly consisting of mature TLS, while [T-TLS
were mainly immature. Notably, TMB was closely associated with MSI and PD-L1, indicating potential predictive
value for immunotherapy in primary adenocarcinoma of jejunum and ileum.
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Introduction

It is well-known that diagnosing and treating primary
adenocarcinoma of jejunum and ileum is relatively chal-
lenging due to its location deep in the abdomen and often
subtle early symptoms, which can lead to late detection
or misdiagnosis. As a rare tumor, it has not been exten-
sively studied in past research and is often managed with
treatments used for colorectal or gastric cancers, such
as oxaliplatin-based chemotherapy combined with fluo-
ropyrimidines, or regimens like FOLFOX, CAPOX, and
CAPIRINOX with or without bevacizumab. Despite
these approaches, the prognosis of primary adenocarci-
noma of jejunum and ileum remains poor, with a median
overall survival (OS) of approximately 15.9 months [1].

In recent years, immunotherapy strategies targeting the
tumor microenvironment have become a research focus,
aiming to inhibit tumor growth and metastasis by acti-
vating immune cells, modulating cytokines, and altering
the tumor microenvironment. Several solid tumors, such
as gastric cancer and breast cancer, have shown favor-
able responses to immunotherapy [2, 3]. Tertiary lym-
phoid structures (TLS) are an integral part of the tumor
microenvironment and represent ectopic lymphoid
organs that develop within chronic inflammatory sites,
including tumors. Anatomically, TLS resemble secondary
lymphoid organs (SLO) and can induce delayed immune
responses in the body. Previous studies have found a cor-
relation between high-density TLS and better clinical
outcomes in non-small cell lung cancer, malignant mela-
noma, pancreatic cancer, and esophageal cancer, among
others [4-7]. However, the biological functions of TLS in
primary adenocarcinoma of jejunum and ileum are not
well understood and warrant further investigation.

It is well known that the discovery of PD-1 checkpoint
inhibitors has revealed the mystery of how malignant
tumors evade immune surveillance through interaction
with their major ligand PD-L1. Blocking the interaction
between the PD-1 receptor and PD-L1 has proven to
have significant anticancer effects in some solid tumors
[8]. However, many advanced tumors still show no
response. Consequently, the US Food and Drug Admin-
istration (FDA) has approved the assessment of PD-L1
expression status, tumor mutational burden (TMB),
and microsatellite instability (MSI) status as companion
diagnostic biomarkers to guide PD-1 therapy. Neverthe-
less, not all tumor types can be predicted and scored
uniformly, and individual assessment may be necessary
depending on the specific tumor type [9]. Therefore, this
study attempts to evaluate the spatial distribution, den-
sity, maximum diameter, and maturity of TLS in primary
adenocarcinoma of jejunum and ileum in a more accurate
and quantitative manner. Additionally, we aim to inves-
tigate the expression of PD-L1, MSI status, and TMB in
primary adenocarcinoma of jejunum and ileum using
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immunohistochemistry and next-generation sequencing
technology, respectively. The study aims to explore the
interactions between these markers and their prognostic
value in primary adenocarcinoma of jejunum and ileum,
providing data support and reference for the treatment of
this rare and highly malignant tumor.

Materials and methods

Study design and study population

This study is a single-center, non-interventional retro-
spective cohort study. The study population includes
patients with primary adenocarcinoma of jejunum and
ileum who underwent curative or partial small bowel
resection at Zhongshan Hospital, Fudan University,
between January 2014 and December 2023, and con-
firmed by histopathological diagnosis. Patients with
duodenal adenocarcinoma were excluded. Patients
with incomplete electronic medical records, incomplete
follow-up data, histopathological confirmation of non-
adenocarcinoma components or non-primary adeno-
carcinoma, preoperative neoadjuvant therapy such as
chemotherapy, targeted therapy, radiation therapy, or
immunotherapy, death within 30 days after surgery, or
presence of dual or multiple primary tumors were also
excluded. Additionally, tumor samples must be paired
with adjacent non-tumor tissue. Tumor samples with-
out adjacent normal tissue were excluded from the study.
Clinical and pathological parameters were retrospectively
collected from the hospital’s medical records database,
including initial diagnosis age, gender, pathological char-
acteristics, lymph node metastasis, TNM staging, surgi-
cal history, and other relevant factors.

Follow-up started on the day of surgery and continued
until December 2023. Patients were followed up every 3
months in the first year after surgery and every 6 months
in the second and third years. Electronic medical records
and telephone interviews were conducted to record the
relationship between the respondent and the patient,
patient cooperation, brief medical history, survival sta-
tus, tumor recurrence, abdominal ultrasonography,
colonoscopy, abdominal CT scans, etc. OS was defined
as the time from the day of surgery to the occurrence
of an event (death) or the last follow-up. This study was
approved by the Ethics Committee of Zhongshan Hospi-
tal, Fudan University (Ethics Approval No: B2023-304R).

Hematoxylin & Eosin (H&E) and immunohistochemical
staining

Two experienced pathologists independently reviewed
slides according to the routine protocol in the depart-
ment of pathology and evaluated the presence of adeno-
carcinoma tissue and adjacent normal intestinal mucosal
tissue on the slides. Formalin-fixed paraffin-embedded
(FFPE) samples included in this study were retrieved
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Fig. 1 Flow chart of spatial partitioning and maturity assessment of TLS using digital pathology image analysis software

and processed to obtain 4 pm thick sections. The sec-
tions were deparaffinized, hydrated, stained with H&E,
differentiated, counterstained, dehydrated, and air-dried
using standard procedures. Neutral mounting medium
was used for coverslipping, and the slides were observed
under a light microscope. Immunohistochemistry was
optimized to obtain the best platform conditions and
concentrations for this study through multiple trials
and adjustments. Immunohistochemical staining was

performed using the EnVision two-step method. Immu-
nostaining for CD4, CD8, CD20, CD56, CD21, CD23
and PD-L1 was carried out using the Leica ST5020 mul-
tiple staining system (Leica Biosystems). The primary
antibodies were anti-CD4 (1:3000 dilution, clone EP204,
Genetech) mouse monoclonal antibody, anti-CD8 (1:300
dilution, clone 4B11, LEICA) rabbit monoclonal anti-
body, anti-CD20 (1:4 dilution, clone L26, DAKO) mouse
monoclonal antibody, anti-CD56 (1:100 dilution, clone
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1B6, LEICA) mouse monoclonal antibody, anti-CD21
(1:100 dilution, clone 2G9, LEICA) mouse monoclonal
antibody, anti-CD23 (1:600 dilution, clone DAK-CD23,
DAKO) mouse monoclonal antibody, and anti-PD-L1
(1:4 dilution, clone 22C3, DAKO) mouse monoclo-
nal antibody. Immunohistochemical staining was per-
formed according to the manufacturer’s instructions,
with positive and negative controls set up as routine. All
immunohistochemical staining was performed on tis-
sue microarray sections to avoid heterogeneity and the
omission of TLS assessment. The above-mentioned slides
were scanned using the Leica Aperio GT450 scanner to
obtain high-resolution whole slide images (WSI).

Pathological assessment of TLS

For each case in the cohort, slides were independently
evaluated by two pathologists who were unaware of the
specific clinical history and relevant information of the
patients. As mentioned earlier, TLS were morphologi-
cally assessed on H&E-stained slides. Tumor TLS are
aggregates of tumor-infiltrating lymphocytes (TILs) at
sites of chronic inflammatory stimulation within the
tumor, characterized by a central area of CD20+B cells
surrounded by CD3+T cells [10]. Following the lit-
erature, the minimum diameter of TLS was defined as
150 pum in this study [11]. To evaluate the spatial distribu-
tion and locational heterogeneity of TLS, all WSIs were
imported into the digital pathology image analysis soft-
ware Qupath (version 0.5.1), and all WSIs were divided
into three subregions: intra-tumoral (IT), infiltrative
margin (IM, defined as the tissue area from the bound-
ary between the host tissue and the malignant tumor
nests outward, with a range of 500 pm), and peri-tumoral
(PT) [12, 13]. To determine the maturity of TLS in pri-
mary adenocarcinoma of jejunum and ileum, immuno-
histochemical staining was performed on consecutive
sections of the same sample, and the staining intensity
and extent of CD4+T cells, CD8+T cells, CD20+B cells,
CD56+NK cells, CD21 +follicular dendritic cells (FDCs),
and CD23+germinal center (GC) cells within TLS were
evaluated. Based on the maturity stage, TLS were classi-
fied into the following stages: (1) early TLS (E-TLS), char-
acterized by a mixed distribution of T cells and B cells in
lymphocytic aggregates but lacking CD21+FDCs and
CD23+GC components; (2) primary follicle-like TLS
(PFL-TLS), consisting of follicle-like structures formed
by B cells at the center, surrounded by T cells and a small
number of CD21+FDCs but lacking CD23+GC; and (3)
secondary follicle-like TLS (SFL-TLS), which represents
the appearance of lymph node-like CD23+GC compo-
nents within PFL-TLS, manifesting as a lightly stained
area within the central area of lymphocytic aggregates
on H&E slides [14—17]. In this study, the area of intra-
tumoral, infiltrative margin, and peri-tumoral regions
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was evaluated using the Qupath software. The number of
TLS at each maturity stage was calculated, and TLS den-
sity was determined by calculating the number of TLS
per square millimeter within the target area. The maxi-
mum diameter of TLS at each maturity stage was also
measured (Fig. 1).

PD-L1 immunohistochemistry assessment

To accurately detect the expression levels of PD-L1 in
primary adenocarcinoma of jejunum and ileum, immu-
nohistochemical staining with PD-L1 (22C3) was per-
formed and interpreted. The comprehensive positive
score (CPS) was used to evaluate the expression levels of
PD-L1 protein in tumor cells and immune cells: CPS =
(the number of PD-L1-positive tumor cells, lymphocytes,
and macrophages)/(the total number of tumor cells)
x 100. PD-L1 expression is considered positive when
CPS2=1. The tumor proportion score (TPS) was used to
assess the expression levels of PD-L1 protein in tumor
tissue: TPS = (the number of PD-L1-positive tumor
cells)/(the total number of tumor cells) x 100%. PD-L1 is
considered positive when TPS>1% [18, 19].

TMB and MSI status assessment

We retrospectively reviewed the electronic medical
records of primary adenocarcinoma of jejunum and
ileum patients who underwent next-generation sequenc-
ing analysis at our center. DNA was extracted from
FFPE samples with at least 40% tumor content accord-
ing to the instructions of the nucleic acid extraction kit
(Aidlab, version B4.1). Next-generation sequencing was
performed using the Illumina Novaseq 6000/Nextseq
platform with hybrid capture-based targeted enrichment.
TMB was defined as the total number of base substitution
mutations and indel mutations per megabase (Mb) of the
tumor genome, with a unit of muts/Mb. We defined TMB
values>10 muts/Mb as TMB-H and <10 muts/Mb as
TMB-L. The Master Panel project in this study included
116 microsatellite candidate loci, and based on the status
of repeat base changes at each locus, the loci were clas-
sified as microsatellite stable (MSS) or MSI. When the
proportion of MSI loci was 215%, the MSI test result was
considered positive, indicating MSI-H.

Statistical analysis

Statistical and graphical analyses were performed using
SPSS 25.0 (IBM, China) and GraphPad Prism Version
9.5.1 (733). One-way analysis of variance (ANOVA) was
used to compare continuous variables among multiple
groups (=2), and Student’s t-test was used to assess con-
tinuous variables between two groups. Categorical vari-
ables were analyzed using the chi-square test or Fisher’s
exact test. Kaplan-Meier survival curves and the log-rank
test were used to evaluate differences in survival rates.
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Cox proportional hazards regression analysis was per-
formed to determine independent prognostic factors for
disease free survival (DFS) and OS, with variables signifi-
cantly associated with DES or OS in univariate analysis
included in the multivariate analysis. All hypothesis tests
were two-sided, and a P-value<0.05 was considered sta-
tistically significant. P-values between 0.05 and 0.1 were
considered indicative of a trend.

Results

Clinical and pathological characteristics

Table 1 summarizes the clinical and pathological char-
acteristics of the patients in this study cohort. In this
study cohort, the 1-year, 3-year, and 5-year survival rates
were 95.6%, 73.2%, and 7.5%, respectively. The 1-year,
3-year, and 5-year recurrence/metastasis rates were
13.0%, 22.2%, and 25.9%, respectively. More than half of
the patients were male (55.6%). The median age was 59
years (range 27-85 years). The median maximum diam-
eter of the tumor was 3.5 cm (range 1-12 cm). The most
common site of origin was the jejunum (70.4%). Lym-
phatic invasion was observed in 27 cases (50%), vascular
invasion in 19 cases (35.2%), neural invasion in 36 cases
(66.7%), lymph node metastasis in 14 cases (25.9%), and
tumor nodules in 15 cases (27.8%). According to the
UICC/AJCC TNM staging criteria, there were 24 cases
(44.4%) in stage II, 6 cases (11.1%) in stage III, and 24
cases (44.4%) in stage IV. As of December 2023, the aver-
age follow-up time for this cohort was 24.6 months, with
a median follow-up time of 15 months. The median DFS
was 7 months (range 0-82 months), and the median OS
was 15 months (range 1-100 months).

Heterogeneous characteristics of TLS localization in
primary adenocarcinoma of jejunum and ileum

The presence, spatial distribution (intra-tumoral, infiltra-
tive margin, or peri-tumoral), and maturity stage (E-TLS,
PFL-TLS, or SFL-TLS) of TLS were initially assessed
based on H&E-stained slides from 54 patients. Within
this cohort, TLS were identified in approximately 33
cases (61.1%). Regarding spatial distribution, IT-TLS were
present in 31 cases (57.4%), IM-TLS in 30 cases (55.6%),
and PT-TLS in 32 cases (59.3%). The median number of
IT-TLS was 5 (range 1-34), with a median maximum
diameter of 581 um (range 157-1467 pum). For IM-TLS,
the median number was 5 (range 1-28), with a median
maximum diameter of 582 pm (range 229-1718 um).
PT-TLS had a median number of 6 (range 1-54) and a
median maximum diameter of 661 pm (range 208—
1514 pm). We found that TLS varied in size and shape,
with TLS located in the small intestinal mucosa often
being flattened and elongated or teardrop-shaped, while
those in the submucosa and muscularis propria were
typically oval-shaped. TLS were predominantly covered
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by CD20+B lymphocytes, and CD4+T lymphocytes and
CD8+T lymphocytes were mainly located in T-cell areas.
IT-TLS, IM-TLS, and PT-TLS all demonstrate that TLS
are predominantly comprised of CD20+B lymphocytes,
with relatively fewer CD4+T lymphocytes and CD8+T
lymphocytes present. Foxp3+T regulatory cells and
CD56 + NK cells are relatively rare within TLS. Com-
pared to PT-TLS, IT-TLS and IM-TLS exhibit a higher
number of CD8+T cells, with statistical significance
(P<0.05). However, there is no significant difference in
the quantity of CD20+B cells, CD4+T cells, Foxp3+Treg
cells and CD56+NK cells among IT-TLS, IM-TLS, and
PT-TLS (Figs. 2 and 3).

Heterogeneous characteristics of TLS maturity in primary
adenocarcinoma of jejunum and ileum

To investigate the maturity of TLS in primary adenocar-
cinoma of jejunum and ileum, we performed consecu-
tive sections on samples with TLS structures on H&E
slides and evaluated the staining intensity and extent of
CD4+T cells, CD8+T cells, CD20+B cells, CD56+NK
cells, CD21+FDCs, and CD23+GC cells within TLS. The
median total number of TLS was 24 (range 5-76), with a
median of 7 E-TLS (range 0-54), 4 PFL-TLS (0-37), and
5 SFL-TLS (range 0-50). Statistical analysis showed no
significant difference in the number of TLS among intra-
tumoral, infiltrative margin, and peri-tumoral regions
(P=0.7931). However, the density of TLS in the infil-
trative margin was significantly higher than that in the
intra-tumoral (P<0.0001) and peri-tumoral (P<0.0001)
regions, with significant differences. There was a trend
of larger maximum diameter of PT-TLS compared to
IT-TLS and IM-TLS (P=0.0710). When evaluating the
maturity of TLS in all included samples, it was found
that E-TLS was the predominant component in primary
adenocarcinoma of jejunum and ileum, followed by
SFL-TLS, and PFL-TLS had a slightly lower proportion,
but there was no significant difference among the three
(P=0.2150). To explore the impact of TLS localization
heterogeneity on TLS maturity and further investigate
the heterogeneity of TLS components in different loca-
tions, we evaluated TLS with different spatial distribu-
tions. The results showed that IT-TLS were more likely
to have E-TLS compared to SFL-TLS (P=0.007); the
frequency of E-TLS was also relatively higher compared
to PFL-TLS, but there was no significant difference
(P=0.2441). For IM-TLS and PT-TLS, there were no sig-
nificant differences in the distribution of E-TLS, PFL-
TLS, and SFL-TLS (P=0.2964, P=0.1426). In terms of
the maturity of TLS in different locations, this study also
compared them. Compared to IT-TLS, SFL-TLS were
more likely to occur in the infiltrative margin (P=0.0320),
with a trend of being more common in the peri-tumoral
region (P=0.0565). However, there were no significant



Page 6 of 21

(2024) 22:261

Deng et al. World Journal of Surgical Oncology

Gl Gl 4 91 ¥l 9l Gl Gl L 4 4! 9l Gl Sl 0¢ ON

000'L L ¢ 1090 4 L 1090 4 L 000l L ¢ 0001 Gl Sl 1090 4 L 000l L 4 € EEN H-ISW
Ll Ll 45 0l 6 el €l 6 8 4 ol Cl Ll Ll 44 1>SdD

000'L S 9 S9%0 ¥ /[ (8C0 VA ¥ Lrl0 € 8 1/00 3 € 1¢/L0 9 S 000L S 9 Ll 1 <SdD (€D20)17-ad
oL Ll Ll 0l (o]} Ll 4 6 Ll 0l 0l Ll Ll 0l Lc AIFII

000°L 9 9 1¢/0 S /£ 000'L 9 9 ¢8C0 14 8 1¢/0 S /£ 0001 9 9 120 S L 4 I abe1s NL
8 6 (o]} L VA 0l Ll 9 3 6 3 6 0l VA Ll LN

000'L 8 8 €0€0 9 oL ¥6¥0 6 L 800 S Ll 000l 8 8 000l 8 8 €0£0 9 ol ol OW obeis
S 9 9 S 9 S A ¥ JA 14 9 S 9 S Ll €-LN

000'L Ll L 1¢z0 ol ¢l leso 0oL ClL o ¢8C0 6 €l ¢8C0 6 el 1¢L0 0l cL1eLo 0l Cl 44 ON abeis N
oL Ll 8 el Ll 0l Ll ol Ll 0l 4 6 €l 8 Ic 1

000'L 9 9 /S10 8 ¥ 120 S L 1¢L0 g L 1¢L0 S /[ (8C0 14 8 1/00 € 6 cl el abers |
€l el €l el €l el 4 7l Ll Gl 0l 91 Ll Gl 9¢ ON

000°L € ¥ 0001 € ¥ 0001 € ¥ 8890 ¥ € S0 S ¢ 6£00 9 L §CC0 S 4 L =N Jusuodwod snoupniy
Ll Ll oL cl Ll Ll 8 7l 6 el 3 1l 6 €l [44 ON

000'L S 9 120 9 S 0001 S 9 1400 3 € ¢8C0 A ¥ 1400 8 € (80 L 14 Ll SOA S9|npou Jownt
14 VA L ¥ S 9 S 9 L 14 9 S ¥ L Ll ON

590 4 0l ¢8C0 6 €l 0001 Ll Ll 0001 Ll Ll ¢80 6 [ VAYAL 0l L S9%0 Cl 0l 44 S9A uolseaul [einaN
Ll Cl Ll Cl (o]} el 6 7l ol €l 6 7l 6 7l €C ON

000'L S S 000l S S S9%0 9 AR 4N0] VA € S9%0 9 ¥ Lyl VA € rlo VA € 0l EEN Uo|seAul Jenosep
9 9 S L 9 9 S L 9 9 9 9 ¥ 8 4 ON

000°L 0l Ll 1¢L0 Ll 0L 000'L 0l [ RA] Ll 0l 000'L ol Ll 0001 ol Ll ¢8¢0 cl 6 lc SOA uoiseau dfreydwiAT
uonenulRyIp
3 ¢ S ¢ 4 v S € 4 4 4 v 4 4 8 Ajiood
uolenuIRYIP

890 Ol ¢l 890 Ol ¢l 0001 Ll Ll ¢8990 Ol ¢l 0001 0l cl 8690 6 €l 000l 0l cl [44 Alo1eIapoy opesb uopenuassyd
U vl /L 9l Sl sl 9l sl 9l 91 Sl sl 9l L€ ON

uoleloylad

£CC0 4 0 /cco 4 0 §8¥0 0 ¢ 000l L L 000l L L §8Y0 0 ¢ 0001 l L 4 SOA Jowiny 2dodsoIde N
€ L L € 9 14 € L S S 9 ¥ S S 0l <

650 el oL Lvlo 6 71 S9¥0 Ol €l 6SC0 el 0L 000l Ll L S9r0 0l €l 000l Ll 4 €C §> (W3)azis Jowin|.
L S € € ¥ 4 ¥ 4 ¥ 4 € € 14 4 9 wna||

/10 Sl ¢l 000'L €l 7l 86€0 Cl Gl 86€0 ¢l Sl 860 ¢l Sl 000L €l 71 86¢0 ¢l Sl LT wnunfar |lis Jown|
8 9 / L 9 3 8 9 9 8 S 6 L L 14 E!

L6t0 8 Ll 000l 6 oL 8¢L0 Ol 6 L6¥0 3 Ll 8¢20 0l 6 96C0 L 8 000l 6 ol 6l W X35
8 S 9 A S 8 L 9 8 S L 9 L 9 €l 09<

9620 8 ¢l 0001 (o]} 0L 18¥r0 Ll 6 8¢L0 6 Ll 9220 3 clL 8¢L0 6 Ll 8¢L0 6 Ll 4 09> (A)aby

mo7 ybiH mo7 ybiH mo7 ybiH mo1 ybiH mo1 ybiH mo1 ybiH mo1 ybiH
anjea Aysusap anjea fysusp anjea Aususp anjea Aususp onjen  Aususp snjea  Aususp anjea Ajsuap
d S1L-14S d S11-13d d S11-3 d S11-1d d ST1L-WI d ST1-11 d S1L sose) sainjesy |ed1bojoyied jediuld

wnajl pue wnunfsf jo ewouidiedouape Alewld + ST Y syuaned g€ ul sainyesy [esibojoyied [ed1uld pue (€D77) 1 1-dd 'S1.L buowe diysuonesy L ajqer



Deng et al. World Journal of Surgical Oncology

Table 1 (continued)

P

SFL-TLS

P
value density

IT-TLS P IM-TLS P PT-TLS P E-TLS P PEL-TLS

P

Cases TLS

Clinical pathological features

value

value density value density value density value density

value density

density

High Low

High Low

High Low
0282 5 7

High Low

1.000 8

High Low

1.000 6

High Low

0073 6

High Low

1.000

0721 6 6

5

0481

7

4

6

6

3

12
21

High
Low
Yes
No

TMB

10
9

12
10

13
8

0.732

0494 8

10 7

0.494

7

0494

10 7

0.169

11 6

1.000

8

1.000 9

17
16
31

KRAS mutation

15 1.000 15 16 0485 17 14 0227 16 15 1.000 16 15 1.000 16 15 1.000 16 15 1.000

16

Yes
No

BRAF mutation

1.000

0

1

0.485

0485 0

1

1.000 0

0

1

0 0.515

1

1.000

0

1

1.000

0

Yes
No

PIK3CA mutation
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16

16

32
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differences in the distribution of E-TLS (P=0.2003) and
PFL-TLS (P=0.3434) among the three spatial locations
(Figs. 4, 5, 6 and 7).

Relationship between TLS spatial localization, maturity,
and clinical pathological characteristics in primary
adenocarcinoma of jejunum and ileum

According to the statistical results of TLS density and
clinicopathological features, it suggests that high-density
TLS group is associated with better clinicopathological
characteristics, such as better differentiation, absence
of lymph node metastasis, no neural invasion, no lym-
phatic invasion, no vascular invasion, no tumor nod-
ules, no mucinous component, and lower T stage and
TNM stage. However, currently, only T stage has been
observed to have statistical significance. Compared to
T4 stage, patients with T3 stage had a higher trend of
TLS percentage (75.00% vs. 38.10%, P=0.071). There
was no significant difference in TLS percentage between
lymph node-negative and lymph node-positive patients
(54.55% vs. 45.45%, P=0.721). There was no significant
difference in TLS percentage between patients with or
without neural invasion (45.45% vs. 63.64%, P=0.465).
Similarly, there was no significant difference in TLS per-
centage between patients with or without lymphatic
invasion (42.86% vs. 66.67%, P=0.282), vascular invasion
(30.00% vs. 60.87%, P=0.141), tumor nodules (36.36%
vs. 59.09%, P=0.282), mucinous component (28.57%
vs. 57.69%, P=0.225), moderate or low differentiation
(54.55% vs. 50%, P=1.000), or TNM stage II or III/IV
(58.33% vs. 47.62%, P=0.721). Analysis based on spatial
localization found that IT-TLS density was higher in the
group without mucinous component (61.54% vs. 14.29%,
P=0.039). Compared to the group with tumor nodules,
there was a trend of higher IT-TLS density and PT-TLS
density in the group without tumor nodules (27.27% vs.
63.64%, P=0.071). Similarly, compared to the M1 group,
PT-TLS density showed a higher trend in the MO group
(35.29% vs. 68.75%, P=0.084). Furthermore, no statistical
differences were observed between the maturity of TLS
(E-TLS, PFL-TLS, SFL-TLS) and clinical pathological
characteristics (Table 1).

Relationship between TLS spatial localization, maturity,
and PD-L1, TMB, and other molecular features in primary
adenocarcinoma of jejunum and ileum

We first analyzed the correlation between PD-L1 (22C3)
expression levels and clinical pathological characteristics
in this cohort. Among the 54 cases of primary adeno-
carcinoma of jejunum and ileum, compared to patients
with CPS<1, those with CPS>1 were more likely to have
low differentiation and absence of mucinous compo-
nent, showing a positive correlation (P=0.013, P=0.037).
However, compared to the CPS>1 group, the CPS<1



Deng et al. World Journal of Surgical Oncology

(2024) 22:261

200um e 7

Page 8 of 21

o

‘O o e @

Fig.2 TLS in primary adenocarcinoma of jejunum and ileum. (1) The mucosal TLS was flattened and elongated or teardrop-shaped; (2, 3) the submucosal
and basal lamina propria TLS were typically oval-shape; (4) TLS in muscularis propria; (5) CD20+ B cells; (6) CD8+T cells; (7) CD4+T cells; (8) Foxp3 +Treg
cells; (9)CD56+NK cells. The scale bars on the H&E and immunohistochemical images indicate 100 um (1, 3) and 200 um (2,4-9)

group showed a positive correlation with neural inva-
sion, distant metastasis (M1), and TNM stage (P=0.014,
P=0.020, P=0.007) (Fig. 8).

Furthermore, we performed a stratified analysis specifi-
cally in the TLS+group. In this subgroup, we found that
CPS=1 was positively correlated with the tumor maxi-
mum diameter (P=0.049). The association between CPS
and neural invasion was consistent with the previous
findings (P=0.017). There was a trend toward lower CPS
scores in the moderately differentiated group compared
to the poorly differentiated group (P=0.078). Notably,
there was also a trend indicating higher IM-TLS den-
sity in the CPS<1 group compared to the CPS>1 group
(27.27% vs. 63.64%, P=0.071).

For the 54 cases of primary adenocarcinoma of jeju-
num and ileum, TMB was analyzed and classified into
TMB-H group and TMB-L group. This study found a sig-
nificant statistical difference between TMB-H and MSI-H
(P=0.004), with TMB-H tumors more common in the
jejunum (68.75% vs. 31.58%, P=0.012), and more likely
to occur in patients without distant metastasis (M0) and
TNM II-1II stage (P=0.019, P=0.022). Compared to the
CPS<1 group, there was a trend of TMB-H tumors being

more common in the CPS>1 group (33.33% vs. 61.11%,
P=0.052).

In the analysis specifically for the TLS+group, it was
also found that TMB-H was significantly positively cor-
related with MSI-H (100% vs. 30%, P=0.040). Compared
to the lymphatic invasion-positive group, TMB-H tumors
tended to be more common in the lymphatic invasion-
negative group (23.81% vs. 58.33%, P=0.067). Compared
to the TMB-L group, TMB-H tumors showed a trend of
higher TLS density (38.10% vs. 75%, P=0.073).

Furthermore, in the 54 cases of primary adenocar-
cinoma of jejunum and ileum, this study also explored
the relationship between the aforementioned indicators
(such as the presence of TLS, PD-L1 (22C3), TMB, MSI,
etc.) and mutations in KRAS, NRAS, BRAF, and PIK3CA
genes. Compared to the TLS+group, the TLS- group
showed a trend of higher frequency of NRAS gene muta-
tions (0% vs. 9.52%, P=0.073). TMB-H tumors were more
likely to occur in the non-KRAS gene mutation group,
showing a statistically significant difference (58.33% vs.
30%, P=0.036). In the TLS+group, no significant statis-
tical significance was found in the relationship between
the aforementioned indicators (including TLS spatial
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Fig. 3 Cellular composition of TLS. (A, B, C) IT-TLS, IM-TLS, and PT-TLS all demonstrate that TLS are predominantly comprised of CD20+ B lymphocytes,
with relatively fewer CD4 +T lymphocytes and CD8 +T lymphocytes present. Foxp3 +T regulatory cells and NK cells are relatively rare within TLS. (D) There
is no significant difference in the quantity of CD20+ B cells among IT-TLS, IM-TLS, and PT-TLS. (E) Compared to PT-TLS, IT-TLS and IM-TLS exhibit a higher
number of CD8+T cells, with statistical significance (P <0.05). (F) There is no significant difference in the number of CD4+T cells between IT-TLS, IM-TLS,
and PT-TLS. (@) There is no significant difference in the number of Foxp3 +Treg cells among IT-TLS, IM-TLS, and PT-TLS. (H) There is no significant difference

in the number of CD56 + NK cells between IT-TLS, IM-TLS, and PT-TLS

localization and maturity) and molecular alterations
(Tables 2 and 3).

Relationship between TLS spatial localization, maturity,
and other clinical pathological parameters and prognosis
in primary adenocarcinoma of jejunum and ileum

Previous research has indicated that infiltrative mar-
gin is primarily composed of mature TLS, while IT-TLS
is mainly composed of immature TLS. Therefore, the
relationship between TLS maturity, spatial localization
heterogeneity, and prognosis deserves further explo-
ration. Univariate survival analyses revealed that the
SFL-TLS-high group was associated with prolonged
DES (P=0.047), although there was no significant rela-
tionship with OS (P=0.966). Additionally, compared to
the E-TLS-low group, the E-TLS-high group also dem-
onstrated a trend of prolonged DFS (P=0.069), but no
significant difference in OS was observed (P=0.383). In
terms of spatial localization, compared to the PT-TLS-
low group, the PT-TLS-high group showed a trend of
prolonged OS (P=0.090). There were no significant sta-
tistical differences in TLS density at the invasive mar-
gins and intra-tumoral regions with respect to clinical

progression or survival duration. In addition, in the
TLS+group, univariate survival analysis showed that
N stage (OS, P<0.001; DES, P<0.001), M stage (OS,
P=0.044; DES, P=0.001), and TNM stage (OS, P=0.077;
DFS, P=0.011) were associated with shorter OS and DFS.
However, further multivariate Cox regression analysis
revealed that none of these factors were independent
prognostic factors (Table 4; Fig. 9).

Discussion

In the past decade, the field of immunotherapy has
seen remarkable advancements, prompting extensive
research into the immune microenvironment of vari-
ous solid tumors. As an ectopic lymphoid organ, TLS
have emerged as a focal point of this research due to
their potential implications in cancer prognosis and
therapy. Currently, numerous studies have found a posi-
tive correlation between TLS and favorable prognosis
in various cancers, such as renal clear cell carcinoma,
breast cancer, endometrial cancer, ovarian cancer, blad-
der cancer, lung cancer, colorectal cancer, soft tissue sar-
coma, pancreatic neuroendocrine tumors, and malignant
melanoma. Given the limited understanding of TLS’s
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Fig. 4 Heterogeneous distribution of TLS spatial positioning and maturity in primary adenocarcinoma of jejunum and ileum. (A) TLS density in different
locations; (B) Maximum diameter of TLS in different locations; (C) Heterogeneity of TLS maturity in different locations; (D) Maturity of [T-TLS; (E) Maturity
of IM-TLS; (F) Maturity of PT-TLS; (G) Proportion of E-TLS in different locations; (H) Proportion of PEL-TLS in different locations; (I) Proportion of SFL-TLS in
different locations; (J) Distribution of E-TLS in TLS-High and TLS-Low groups; (K) Distribution of PEL-TLS in TLS-High and TLS-Low groups; (L) Distribution

of SFL-TLS in TLS-high and TLS-how groups

biological function in primary adenocarcinoma of jeju-
num and ileum, we aimed to clarify their impact by ana-
lyzing tumor data from 54 patients at our research center.
Firstly, we examined the presence of TLS in the tumor,
and if present, we used artificial intelligence software to
determine the spatial localization and density of TLS, and
employed immunohistochemical staining to evaluate the
specific cell types and maturity of TLS. In addition, we
employed next-generation sequencing to assess the MSI
status and TMB, aiming to provide relevant information

regarding the immune microenvironment of this tumor
and the potential for immunotherapy.

To the best of our knowledge, this project represents
the first study investigating the presence and prognostic
significance of TLS in primary adenocarcinoma of jeju-
num and ileum. In our cohort, we found that 61.1% of
the enrolled samples exhibited the presence of TLS. Spe-
cifically, among these samples, 57.4% contained IT-TLS,
55.6% exhibited IM-TLS, and 59.3% showed the presence
of PT-TLS. These proportions are slightly lower than
those reported in Wang et al’s study in colorectal cancer
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Fig. 5 Heterogeneity of IT-TLS maturity. (1) E-TLS, HE staining; (2) CD21-negative in E-TLS, EnVision method; (3) CD23-negative in E-TLS, EnVision method;
(4) PEL-TLS, HE staining; (5) CD21-positive in PEL-TLS, EnVision method; (6) CD23-negative in PEL-TLS, EnVision method; (7) SFL-TLS, HE staining; (8) CD21-
positive in SFL-TLS, EnVision method; (9) CD23-positive in SFL-TLS, EnVision method. The scale bars on the H&E and immunohistochemical images indicate

200 pm

[20]. Additionally, our analysis revealed that PT-TLS were
more numerous and had a longer maximum diameter
compared to both IT-TLS and IM-TLS. This observation
may be attributed to the unique immunological charac-
teristics of the intestine, which is considered the largest
immune organ in the human body. The small intestinal
mucosa is particularly rich in lymphocytes, facilitat-
ing the development and maintenance of TLS. This may
also be related to the reported presence of y8T cells in
the small intestinal mucosal aggregates, although the
underlying biological mechanisms require further explo-
ration [21]. We also observed that TLS existed in differ-
ent spatial locations, which is consistent with the findings
reported in colorectal cancer [20].

Furthermore, this study used immunohistochemi-
cal staining results and digital pathology image analysis
software to further determine the maturity and density of
TLS. Regarding the location of TLS in tumors, the pres-
ence of PT-TLS has been reported in most tumors, while
some tumors also have IT-TLS, such as renal clear cell
carcinoma lung metastasis, hepatocellular carcinoma,
and germ cell tumors [22—24]. However, previous stud-
ies have only generally differentiated between IT-TLS

and PT-TLS, without specifically distinguishing whether
the PT-TLS are located at the invasive margin or in the
stroma or normal tissue distant from the tumor [25].
Therefore, in this study, with the assistance of digital
pathology image analysis software, the intratumoral loca-
tion of TLS was standardized, and we hypothesized that
TLS in three different locations - IT, IM, and PT - may
have certain prognostic implications. TLS were quanti-
tatively and spatially analyzed. Based on this, we catego-
rized TLS into three spatial locations (IT, IM, PT) and
three maturity stages (E-TLS, PEL-TLS, SFL-TLS).
Interestingly, we observed that the invasive margin was
mainly composed of SFL-TLS, while IT-TLS were pre-
dominantly E-TLS. This finding is in contrast to Xu et al’s
study in renal clear cell carcinoma [26], where proximal
TLS were mainly SFL-TLS, while distal TLS were primar-
ily E-TLS. Theoretically, as Ding described [27], IT-TLS,
being closer to the tumor cells, may have a stronger anti-
tumor immune response compared to PT-TLS. However,
in our study cohort, IT-TLS had a lower density and were
mostly early-stage TLS. In contrast, the density of IM-
TLS was significantly higher than that of IT-TLS, with
SFL-TLS being the main component. We speculate that
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Fig.6 Heterogeneity of IM-TLS maturity. (1) E-TLS, HE staining; (2) CD21-negative in E-TLS, EnVision method; (3) CD23-negative in E-TLS, EnVision method;
(4) PEL-TLS, HE staining; (5) CD21-positive in PEL-TLS, EnVision method; (6) CD23-negative in PEL-TLS, EnVision method; (7) SFL-TLS, HE staining; (8) CD21-
positive in SFL-TLS, EnVision method; (9) CD23-positive in SFL-TLS, EnVision method. The scale bars on the H&E and immunohistochemical images indicate
100 pm

this may be partially related to the relatively smaller spa-
tial area of the invasive margin region, but there are dif-
ferences in the maturity of TLS in different locations, and
the driving factors and mechanisms behind this require
further exploration.

It is well known that TLS are associated with better
clinical prognosis in various tumors, such as pancreatic
neuroendocrine tumors, lung cancer, and breast cancer
[28-30]. However, there have also been reports of differ-
ences between primary and metastatic lesions in different
tumors. Cipponi et al. [31] found in a study of malignant
melanoma that TLS were not observed in primary lesions
but were present in metastatic lesions. Lee et al. [32]
included 335 cases of metastatic breast cancer from four
different metastatic sites and found that almost all meta-
static lesions had TILs, but only liver and lung metasta-
ses had TLS. Taken together, these data suggest that the
predictive role of TLS in prognosis may be influenced by
the overall quantity, activity, composition of cell compo-
nents, and surrounding microenvironment of TLS. In our
study, based on the maturity of TLS, we only observed a
favorable effect of high-density SFL-TLS and E-TLS on
reducing the risk of tumor metastasis/recurrence, but

there was no statistically significant difference in extend-
ing OS. In terms of spatial location, high-density PT-TLS
showed a trend towards prolonged OS.

To further assess the role of TLS in tumor progression,
we analyzed the relationship between TLS density and
clinical pathological features. We found that high-den-
sity TLS was more likely detected in patients with lower
T stages, no mucinous components, no tumor nodules,
and no distant metastases. This indirectly suggests that
high-density TLS may have predictive value for a favor-
able prognosis in this type of tumor to some extent. This
aligns with previous findings showing that tumors in the
high-density TLS group tend to be smaller, particularly in
liver cancer, gastric cancer, and colorectal cancer [33, 34].
Thus, researchers have proposed that TLS density might
play a role in controlling growth in colorectal cancer [34].
The intestinal tract contains abundant lymphatic vessels
and blood vessels, and this specialized vascular system
may play a potential guiding and transport role in the
recruitment of follicular dendritic cells and lymphocytes
[35, 36]. Therefore, studying the prognostic significance
of TLS in primary adenocarcinoma of jejunum and ileum
patients is valuable. Given that this tumor is rare, more
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Fig. 7 Heterogeneity of PT-TLS maturity. (1) E-TLS, HE staining; (2) CD21-negative in E-TLS, EnVision method; (3) CD23-negative in E-TLS, EnVision method;
(4) PEL-TLS, HE staining; (5) CD21-positive in PEL-TLS, EnVision method; (6) CD23-negative in PEL-TLS, EnVision method; (7) SFL-TLS, HE staining; (8) CD21-
positive in SFL-TLS, EnVision method; (9) CD23-positive in SFL-TLS, EnVision method. The scale bars on the H&E and immunohistochemical images indicate

100 pm

cases will need to be collected in the future for further
validation.

Immunotherapy has improved the natural course and
clinical prognosis of many solid tumors. Immune mark-
ers such as MSI, TMB, and high expression of PD-L1
in tumor cells play an important role in predicting the
response of patients to immune checkpoint inhibitors
and other immunotherapeutic drugs. A study involving
106 cases of small bowel adenocarcinoma (SBA) showed
that approximately 14.2% exhibited MSI-H/dMMR [37].
Schrock et al. conducted a large-scale study exploring
the genomic phenotypes of SBA and other gastrointes-
tinal tumors and found that 7.6% (13/170) of SBA cases
showed MSI-H, compared to 4% and 3.9% in colorectal
cancer and gastric cancer, respectively [38]. In our study,
only 6 cases (11.1%) were found to be MSI-H, which is
consistent with the literature. It has been reported that
approximately 9.5% of SBA cases have a high mutational
burden (>20 mut/Mb), while the incidence in colorec-
tal cancer and gastric cancer is 4.3% and 5.6%, respec-
tively. Interestingly, among the 13 MSI-H tumors in SBA,
approximately 92.3-100% had a high TMB. Additionally,
compared to duodenal adenocarcinoma, the TMB of

SBA without specific site designation was significantly
higher (P=0.046) [38]. In our study cohort, 42.6% (23/54)
showed TMB-H, and the incidence of TMB-H was 24.2%
(8/33) in the TLS+group. TMB-H tumors were more
likely to occur in the ileum, which is slightly higher than
the reported proportion, and we speculate that this may
be because the duodenal cases were not included in this
study and TMB-H is more common in primary adeno-
carcinoma of jejunum and ileum, consistent with the
aforementioned literature. Furthermore, there was a sig-
nificant positive correlation between TMB-H and MSI-H
in our study cohort, which was also confirmed in the
TLS+group, providing data support for future immu-
notherapy in primary adenocarcinoma of jejunum and
ileum to some extent.

Pedersen et al. [39] conducted PD-L1 immunohis-
tochemical testing on 45 SBA patients, and the results
showed that 53.3% (24/45) of tumors exhibited positive
expression of PD-L1. Survival analysis revealed a signifi-
cant association between positive expression of PD-L1
in tumor cells and shorter median OS. In a large study
involving 121 SBA cases, immunohistochemical stain-
ing for PD-L1 showed that the proportion of patients
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Fig. 8 Expression of PD-L1 (22C3) in primary adenocarcinoma of jejunum and ileum. (1) This case shows poorly differentiated adenocarcinoma with dif-
fuse distribution and loss of adhesion, H&E staining. (2) PD-L1 (22C3) CPS> 1, EnVision method. (3) This case shows moderately differentiated adenocarci-
noma, H&E staining. (4) PD-L1 (22C3) CPS < 1, EnVision method. The scale bars on the H&E and immunohistochemical images indicate 100 um

with CPS>1 was 26%. Furthermore, in MSI-H cases, the
incidence of CPS>1 SBA was significantly higher than
in non-MSI-H cases [40]. In our study cohort, CPS>1
cases accounted for 33.33% (18/54) of the entire pri-
mary adenocarcinoma of jejunum and ileum cohort and
33.33% (11/33) of the TLS+group. However, the inci-
dence of CPS=1 group in MSI-H cases was not signifi-
cantly higher than in non-MSI-H cases (50% vs. 31.25%,
P=0.844). This may be related to the small number of
cases and requires further data accumulation for inter-
pretation. Numerous clinical trials have demonstrated
the efficacy of anti-PD-1 and anti-CTLA4 checkpoint
inhibitors in MSI-H subtype tumors and tumors with
high TMB [41, 42]. In a large phase II clinical trial involv-
ing 40 previously treated advanced SBA patients, pem-
brolizumab was prospectively evaluated for its efficacy
in advanced SBA and partial responses were observed in
two TMB-H patients [43]. In our study cohort, TMB-H
tumors also exhibited higher levels of PD-L1 expression
and were more likely to occur in patients without distant
metastasis, with lower TNM stages, negative lymphovas-
cular invasion, and higher TLS density, suggesting that
TMB-H may potentially predict the response to immune

checkpoint therapy to some extent. Additionally, Jun et
al. [44] found in the genetic data of 190 SBA patients that
patients with KRAS or BRAF gene mutations had shorter
survival than those with wild-type KRAS. KRAS onco-
gene mutation was an independent predictor of poor
prognosis in SBA with lower T stages. However, in our
study cohort, we observed that the probability of KRAS
gene mutation was lower in tumors classified as TMB-H.
Additionally, the incidence of NRAS gene mutation was
reduced in TLS+group. These findings suggest that both
TMB-H status and the presence of TLS may carry pre-
dictive significance for targeted therapies, such as anti-
EGER therapy, in primary adenocarcinoma of jejunum
and ileum.

Currently, this study has several limitations, primarily
due to the retrospective nature of the enrolled cases. Ret-
rospective studies inherently come with constraints that
could impact the clinical significance of the findings. To
address these limitations, future research should focus on
designing well-structured prospective clinical trials. Such
trials would help validate the findings, identify more
sensitive and reliable biomarkers, and enhance the clini-
cal applicability of the results for immunotherapy and
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Table 2 (continued)
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34
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targeted therapy. Second, the rarity of this tumor type
poses significant challenges in collecting sufficient fresh
tumor tissues for analysis. As a result, we relied on immu-
nohistochemistry and next-generation sequencing using
FFPE samples to evaluate the maturity of TLS and asso-
ciated immune predictive markers. While these methods
provide valuable insights, they may not offer the same
level of accuracy and detail as more advanced techniques,
such as flow cytometry or spatial transcriptomics. Future
studies that can access fresh tumor samples would ben-
efit from employing these more sophisticated method-
ologies, potentially leading to a deeper understanding of
the immune landscape and further elucidating the prog-
nostic significance of TLS in primary adenocarcinoma
of jejunum and ileum. Third, we only roughly assessed
the cellular composition and proportions of TLS, and
whether there are other factors that can induce or inter-
fere with the anti-tumor immune effects of TLS remains
to be explored. It is worth investigating further. In the
future, we hope to utilize advanced techniques such as
single-cell sequencing or spatial transcriptomics to delve
deeper into the microscopic changes of TLS. This will
allow for a more comprehensive understanding of the
functional mechanisms of TLS in the tumor microenvi-
ronment. Finally, this cohort is only a single-center study,
and although efforts were made to collect and organize
the data, the sample size is still insufficient. Furthermore,
the specific role and mechanisms of spatial localization
and maturity heterogeneity of TLS in the tumor micro-
environment of primary adenocarcinoma of jejunum
and ileum were not further explored. It is expected that
future studies will accumulate more samples and clinical
data from multiple centers and explore the changes in the
tumor microenvironment of primary adenocarcinoma of
jejunum and ileum at the cellular and animal experimen-
tal levels.

In conclusion, this study provides the first insights into
the impact of spatial localization and maturity heteroge-
neity of TLS on the progression and immune response
in primary adenocarcinoma of jejunum and ileum. By
combining digital pathology image analysis software and
next-generation sequencing technology, the association
between TMB, immune checkpoint molecules (such as
PD-L1), MSI, and TLS was investigated in a more accu-
rate manner. Most TLS were located at the invasive
margin and peritumoral region, with mature TLS being
predominant at the invasive margin and immature TLS
being predominant intratumorally. It is worth noting that
TMB was closely associated with MSI and PD-L1, sug-
gesting its potential predictive value for immunotherapy
in primary adenocarcinoma of jejunum and ileum.
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Table 3 Relationship among PD-L1(22C3), TMB and clinical pathological features in 33 patients with TLS + primary adenocarcinoma of

jejunum and ileum

Clinical pathological features Cases TMB Pvalue PD-L1(22C3) Pvalue
High Low CPS=1 CPS<1

Agely) <60 20 3 13 1 7 13 1
>60 13 5 8 4 9

Sex M 19 8 1 0486 6 13 1
F 14 4 10 5 9

Tumor site Jejunum 27 8 19 0.159 10 17 0.637
lleum 6 4 2 1 5

Tumor size(cm) <5 23 7 16 0433 5 18 0.049
>5 10 5 5 6 4

Macroscopic tumor perforation Yes 2 1 1 1 1 1 1
No 31 1 10 10 21

Differentiation grade Moderately differentiation 22 8 14 1 5 17 0.078
Poorly differentiation 8 3 5 5 3

Lymphatic invasion Yes 21 5 16 0.067 6 15 1
No 12 7 5 5 7

Vascular invasion Yes 10 5 5 0433 3 7 1
No 23 7 16 8 15

Neural invasion Yes 22 7 15 0471 4 18 0.017
No 1 5 6 7 4

Tumor nodules Yes 1 4 7 1 5 6 0437
No 22 8 14 6 16

Mucinous component Yes 7 3 4 0.686 1 6 0.378
No 26 9 17 10 16

T stage T3 12 4 8 1.000 5 7 0471
T4 21 8 13 6 15

N stage NO 22 8 13 1.000 7 15 1.000
N1-3 1 4 7 4 7

M stage MO 16 8 8 0.157 7 9 0.282
M1 17 4 13 4 13

TNM stage Il 12 5 7 0.716 4 8 1
-V 21 7 14 7 14

PD-L1(22C3) CPS=1 1 5 6 0471
CPS<1 22 7 15

MSI-H Yes 3 3 0 0.04 1 2 1
No 30 9 21 10 20

KRAS mutation Yes 17 4 13 0.157 5 12 0.721
No 16 8 8 6 10

BRAF mutation Yes 31 11 20 1 10 21 1
No 2 1 1 1 1

PIK3CA mutation Yes 1 1 0 0.364 1 0 1
No 32 1 21 11 21
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Table 4 Kaplan-Meier survival analysis of clinicopathological parameters of 33 patients with TLS + primary adenocarcinoma of
jejunum and ileum

Variables Single factor (OS) Single factor (DFS)
95% confidence interval P value 95% confidence interval Pvalue

Agely) <60 38.69-77.383 0.698 9.082-32.323 0323
>60 43.115-78.828 12.586-46.852

Sex M 61.438-86.828 0.056 13.949-42.978 0.281
F 22.991-57.439 6.4-31.171

Tumor site Jejunum 48.807-81.099 0816 17.319-42.457 0.292
lleum 34.287-77.313 5.071-25.679

Tumor size(cm) <5 39.025-67.791 0.559 14.822-38.831 0.382
>5 39.493-95.507 6.007-16.513

Macroscopic tumor perforation Yes / 0.641 16-16 0.976
No / 14.292-35.323

Differentiation grade Moderately differentiation 49.663-83.055 0.069 14.66-41.786 0315
Poorly differentiation 15.346-50.154 2.11-35.89

Lymphatic invasion Yes 29.904-55.68 0.123 9.786-29.288 0.249
No 61.533-90.689 10.265-49.548

Vascular invasion Yes 45457-94.543 0576 5.149-12.751 0.121
No 38917-67.534 15.544-39.135

Neural invasion Yes 37.327-56.563 0.365 13.546-32.135 0.814
No 47.659-93.941 0-42.441

Tumor nodules Yes 16.303-24.437 0.046 0-36.926 0611
No 51.44-82.607 14.003-32.73

Mucinous component Yes 21.398-42.019 0417 2.219-32.225 0.779
No 47.682-79.649 13.15-35.543

T stage T3 42.434-86.709 0.822 14.968-47.342 0.628
T4 40.058-70.742 9.685-27.53

N stage NO 60.597-89.403 <0.001 10.851-40.598 <0.001
N1-3 14.458-40.66 9.208-34.637

M stage MO / 0.044 28.455-66.045 0.001
M1 / 4.8-19.409

TNM stage I / 0.077 21.756-66.703 0011
-1 / 7.385-23.373

TLS density High 42.826-79.386 0414 12.885-43.104 0.293
Low 36.453-75.365 7.15-27.728

[T-TLS density High 39.958-60.476 0.924 13.62-39.483 0.382
Low 42371-82977 8.137-32.025

IM-TLS density High 37.14-60.638 0.859 12.822-40.784 0416
Low 41.233-82.989 7.753-30.584

PT-TLS density High 46.521-84.933 0.090 10.385-20.393 0.941
Low 21.564-65.486 10.376-38.663

E-TLS High 41.732-55.601 0.383 18.005-54.545 0.069
Low 38.619-74.989 7.438-24.209

PEL-TLS High 41.562-56.438 0.293 16.443-41.343 0.356
Low 35.253-72.567 9.046-31.943

SFL-TLS High 36.388-76.541 0.966 17.983-54.817 0.047
Low 47.054-76.032 6.958-23.413

PD-L1(22C3) CPS>1 54.648-92.495 0.565 4.34-15.041 0.265
CPS<1 37.597-66.87 14.75-38.203

MSI-H Yes / 0450 13.066-21.601 0.486
No / 12.819-33.635

T™B H 51.79-89.21 0.128 9.974-21.749 0.962

L 33.167-67.775 13.399-38.305
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Table 4 (continued)
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Variables Single factor (OS) Single factor (DFS)
95% confidence interval P value 95% confidence interval Pvalue
KRAS gene Mutation 28.885-52.582 0.579 7.154-15414 0.579
Wild 4242-80.398 14.91-41.938
BRAF gene Mutation / / / 0457
Wild / /
PIK3CA gene Mutation 57-57 0.644 23-23 0.939
Wild 50.446-79.535 14.737-36.027
A. B.
1.0 dE»TL?y
ensil y SFL-TLS
_J;H.."Y"h e density
08 Low-censorted T lew
- ~4— High-censorted s m&fcemr&l
._:. N=13 = 1 . —+ High-censorted
g “ % 0.6 A
a — E 04
0.2 “ o X
P=0.069 0.2 N=19
00 P=0.047
00 10.00 20.00 30.00 40.00 50.00 60.00 L
Follow-up periods (months) 00 10.00 20.00 30.00 40.00 50.00 60.00
Follow-up periods (months)
C.
1.0 PT-TLS
| density
LH N=17 ~Low
—1>High
os * Low-censorted
—+— High-censorted
% s
a
? 0.4 N=16
3
- P=0.090
0.0
.00 20.00 40.00 60.00 80.00 100.00

Follow-up periods (months)

Fig.9 The impact of spatial positioning and maturity of TLS on DFS and OS in primary adenocarcinoma of jejunum and ileum patients. (A) In terms of TLS
maturity, the E-TLS-high group showed a trend of prolonged DFS compared to the E-TLS-low group (P=0.069); (B) In terms of TLS maturity, the SFL-TLS-
high group had a longer DFS time compared to the SFL-TLS-low group (P=0.047); (C) In terms of TLS spatial positioning, the PT-TLS-high group showed

a trend of prolonged OS compared to the PT-TLS-low group (P=0.090)
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