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Abstract 

Background: Duodenal adenocarcinoma (DA) is a rare yet aggressive malignancy, with increasing incidence in the 
last decades. Its low frequency has hampered a thorough understanding of the pathogenesis of the disease and of 
its biology, limiting the identification of tailored therapeutic options. A large body of evidence has clearly shown the 
clinical relevance of immune cells in solid tumors, correlating immune features with post-surgical prognosis. The aim 
of this study was to analyze the immune contexture in a cohort of duodenal adenocarcinomas surgically resected at 
our Institution and define its correlation with clinical variables.

Methods: Tissue slides from paraffin-embedded tumor specimens of 15 consecutive DA and 3 adenomas that 
underwent a pancreaticoduodenectomy in our center between 2010 to 2018 were immunohistochemically stained. 
The density (percentage of immune reactive area, IRA%) of immune markers CD45RO, CD8, CD20, IL-17, PD-1, CD68 
was quantified by computer-assisted image analysis. Demographic, clinical, histopathological data were collected.

Results: In our population, median IRA % (IQR) of immune subsets was respectively CD45RO-TILs 2.19 (2.14), CD8-TIL 
0.42 (0.81), CD20-TILs 0.22 (0.51), CD20-TLT 2.84 (4.64), CD68-TAM 2.19 (1.56),  IL17+ cells 0.39 (0.39), PD1-TILs 0.19 (0.41). 
The median follow-up was 47.5 (22.4–63.3) months. At statistical analysis, the density of CD8-TILs inversely correlated 
with lymph node ratio (p = 0.013), number of metastatic lymph nodes (p = 0.019), and was lower in N+ adenocarcino-
mas compared to N0 (1.07 vs 0.29; p = 0.093), albeit not significantly. Stratifying patients for the N status, the density of 
CD8-TILs decreased with the increasing of the N stage (p = 0.065) and was lower in patients who experienced recur-
rence and died for the disease (0.276 vs 0.641; p = 0.044). Notably, also CD68-TAM distribution was different in patients 
who had recurrence versus patients who did not (1.028 vs 2.276; p = 0.036).

Conclusions: Immune cells showed variable expression in correlation with common prognostic factors, suggesting 
T cell infiltration may play a protective role towards lymphatic spread of disease and nodal metastatization. Further-
more, T cell density and macrophage infiltration were associated to a lower risk of recurrence and disease related 
death. A multicentric approach may be indicated to allow analysis of larger cohorts of patients, potentially increasing 
the power of our observations.
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Background
Within small bowel cancers (SBC), adenocarcinomas 
represent the 36.9% of the whole, the majority of them 
originating in the duodenum (49–58%) [1, 2]. Overall, 
duodenal adenocarcinomas (DA) represent less than 1% 
of all gastrointestinal cancers [3], yet they are aggres-
sive malignancies, with increasing incidence in the last 
decades [1, 3, 4]. Surgical resection is the mainstay of 
treatment for local disease, but unfortunately, a large pro-
portion of patients are not eligible, because the lesion is 
either locally advanced or metastatic [1, 3, 5]. In resected 
disease, the 5-year overall survival (OS) is 51.2%; the 
prognosis remains dismal, despite being more favorable 
than for other periampullary adenocarcinomas. Negative 
prognostic factors include presence of nodal and distant 
metastases, positive resection margins, lymphovascular 
and perineural involvement, high tumor (T) stage, large 
extent of nodal disease, and poorly differentiated histol-
ogy, with lymph node metastases and lympn node ratio 
(LNR) having the highest prognostic yield [1, 5, 6].

The low frequency of duodenal cancers has hampered 
a refined characterization and a thorough understanding 
of the pathogenesis of the disease, since the few available 
studies, performed on mono-centric case series, often 
include patient cohorts spanning across several years and 
include both resected and unresectable lesions [7, 8]. The 
larger studies available either grouped duodenal adeno-
carcinoma with periampullary malignancies or with 
small bowel tumors, not being able to discriminate the 
peculiar features of DA [2, 9, 10]. Availability of limited 
information regarding the optimal surgical approach, the 
type and schedule of chemotherapy, the possibility to use 
immunotherapy has so far prevented from improvement 
in the clinical management of duodenal cancer patients. 
Moreover, patients with lesions at different stages are 
often grouped together, possibly hiding subgroups of 
patients who could benefit from adjuvant chemotherapy.

In consideration of these findings and of the failure 
to appropriately stratify patient prognosis with the cur-
rently available prognostic markers, the possibility to 
use immune-related characteristics as an additional 
factor in prognostic stratification algorithms has been 
recently investigated [11]. The tumor microenviron-
ment (TME) is characterized by a variably large and 
heterogenous immune infiltrate, which has been vari-
ably associated to patient outcome across multiple can-
cer types [12, 13]. Critical features to be considered are 
the abundance of different populations, their localiza-
tion in the core or at the invasive margin of the tumor 

and their spatial organization. Human colo-rectal can-
cer (CRC) has served as a prototype for studies aimed at 
assessing the clinical relevance of immune cells [14–17]. 
Based on this, an “immunoscore” inclusive of evaluation 
of CD3+ and CD8+ T cells infiltration at the tumor Core 
and invasive margin has been shown to reliably predict 
prognosis in CRC [18], and has been further validated 
in a multicenter study [19]. However, despite the close 
anatomic and histopathological similarities between the 
colonic and duodenal tissues, no studies have assessed 
the clinical relevance of immune cells in duodenal can-
cer. The lack of consensus on the clinical management 
and postsurgical therapeutic approaches for DA patients 
would benefit from the identification of variables contrib-
uting to better patient stratification.

Methods
Patients and study design
The cohort study included 18 patients aged older than 
18 with histologically proven duodenal adenocarcinoma 
or adenoma, consecutively resected at the Humani-
tas Clinical and Research Center-IRCCS between 2010 
and 2018. Histological diagnosis of ampullary neo-
plasm was an exclusion criterium. All patients included 
in the study had undergone either a pylorus-preserving 
pancreaticoduodenectomy by Longmire-Traverso or 
a Whipple procedure, according to the location of the 
lesion. Clinical features of the cohort are summarized 
in Table 1. Patients’ demographics, clinical, surgical and 
histopathological data were prospectively collected for 
following analyses and were retrospectively analyzed. 
Written informed consent was obtained from each 
patient included in the study. The study protocol was in 
accordance with the ethical guidelines established in the 
1975 Declaration of Helsinki and compliant to the pro-
cedures of the local ethical committee of the institution. 
Tumors were staged according to TNM (Tumor-Nodes-
Metastasis) staging system 8th ed. Investigators who per-
formed the assessment of immune variables were blinded 
to the clinical data. The preoperative workup consisted 
of a variable combination of contrast-enhanced CT, 
EGDS, EUS, FNAB with histopathological examination. 
Clinical evaluation, biochemical analysis comprehensive 
of tumor markers, and whole-body CT scan, were car-
ried out every 4  months, for the first 2  years and then 
every 6  months, according to the follow-up protocol of 
our institute. Time and location of recurrence, time and 
cause of death, and survival state were recorded for each 
patient.
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Immunohistochemistry
2  μm-thick consecutive tissue sections were prepared 
from formalin-fixed and paraffin-embedded tissues, 

provided by the Pathology Department of the Humanitas 
Clinical and Research Center, and processed for immu-
nohistochemistry. Briefly, after deparaffinization and 
rehydration, antigen retrieval was performed by heat 
treatment using EDTA buffer (0.25  mM, pH8, Dako) or 
citrate buffer (0.01 M, pH6, SIGMA-ALDRICH) in water 
bath at 98 °C for 20 min or pressure cooker. Endogenous 
peroxidases were blocked by incubation with 3%  H2O2 
for 15 min at room temperature, followed by incubation 
for 30  min with 2% BSA to block non-specific binding. 
The sections were then incubated with primary antibod-
ies anti-human CD68 (Dako, KP-1 clone, diluted 1:1000), 
CD20 (Dako, L26 clone, diluted 1:200), CD8 (Dako, 
C8/144B clone, diluted 1:100), PD-1 (Abcam, NAT105 
clone, diluted 1:50), CD45RO (Dako, UCHL1 clone, 
diluted 1:200), IL-17 (R&D, AF-317-NA, 1:500) for 1  h 
at room temperature, followed by incubation with the 
detection system MACH 1 (Biocare Medical) or Anti-
Goat Polymer kit (Biocare Medical). Diaminobenzidine 
tetrahydrochloride (Biocare Medical) was used as chro-
mogen. Nuclei were lightly counterstained with a freshly 
made hematoxylin solution (Dako). The sections were 
then washed in water, mounted and analysed under an 
optical microscopy.

Image analysis
To obtain the density of immune cells, tissue slides were 
digitized after staining procedure, using a computer-
aided slide scanner (Olympus VS120 DotSlide). An 
expert pathologist blinded to clinical data selected three 
non-contiguous, non-overlapping microscopic areas 
of stained slides in the invasive margin (IM) area, com-
prising approximately 50% of tumor and 50% of stromal 
tissue. For CD20-TLT analysis, 3 non-contiguous fields 
were chosen representing the entire CD20 positive area 
within the TLT, regardless of the location in the tumor or 
in the stroma. Both sampled microscopic area and light 
density were maintained fixed throughout the analy-
sis. An image analysis software (Image Pro Premiere) 
was used to automatically determine the percentage of 
immune reactive area (IRA%) of the digitized images. 
The mean value, obtained from the three different micro-
scopic areas, was calculated for each patient and used for 
subsequent analyses.

Statistical analysis
Statistical computations were performed using the soft-
ware IBM-SPSS (Chicago, USA), STATA 14.0 (StataCorp. 
2015. College Station, TX) and the software GraphPad 
Prism 7 (GraphPad Software Inc., San Diego, USA). For 
image analyses, for each patient the mean value was cal-
culated from three images. Correlation between IRA% 

Table 1 Demographic and  clinico-pathological 
characteristics of  included patients and  pathological 
tumor characteristics

Only adenocarcinoma patients have been included. a n (%); b median (IQR)

Patients and tumor characteristics

Variable Adenocarcinomas 
(n = 15)

Sexa

 Female 3 (20%)

 Male 12 (80%)

Age at  operationb 73 (65–78)

Clavien-Dindo ≥ IIIba 5 (33%)

Post-operative  mortalitya 3 (20%)

DA on  adenomaa 3 (20%)

Portion of duodenum  involveda

 I 1 (7%)

 II 13 (86%)

 III 1 (7%)

 IV 0 (0%)

TNM staging 7th edition

 Ta

1–2 2 (13%)

3–4 13 (87%)

Na

 0 7 (47%)

 1 2 (13%)

 2 6 (40%)

Stage grouping 7th  editiona

 I 2 (13%)

 II 5 (34%)

 III 8 (53%)

Histological grade (G)a

 1–2 7 (46%)

 3–4 8 (54%)

Resection status (R)a

 0, n (%) 14 (93%)

 1, n (%) 1 (7%)

 2, n (%) 0 (0%)

n° of retrieved lymph  nodesb 23 (14–28)

n° of positive lymph  nodesb 2 (0–3)

Lymph node  ratiob 0.689 (0–0.115)

Perineural  invasiona 5 (33%)

Lymphovascular  invasiona 5 (33%)

Adjuvant  chemotherapya 6 (40%)

Adjuvant  radiotherapya 0 (0%)

Disease  recurrencea 3 (20%)

Disease related  deatha 3 (20%)
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values of immune cells were estimated by nonparamet-
ric Spearman Rank correlation coefficient test and lin-
ear regression analysis. Differences between immune 
variables in groups was estimated by non-parametric 
Mann–Whitney test. Kruskal–Wallis test was used to 
assess differences in median expression between more 
than two groups. For each test, only two-sided P values 
lower than 0.05 were considered statistically significant. 
The categorical variables were reported as a number and 
percentage, while continuous variables were reported as 
the median and interquartile range (IQR). Only patients 
with complete data were considered.

Results
Patient and tumor characteristics are listed in Table  1. 
The cohort included 15 duodenal cancers (DA) and 3 
duodenal adenomas (Ad), from patients consecutively 
resected from 2010 to 2018 in our institution. Three 
among the adenocarcinomas progressed from an initial 
duodenal adenoma (DA on Ad). Histopathological evalu-
ation of duodenal cancer specimens revealed an indeter-
minate histotype (Not Otherwise Specified, NOS) in the 
majority of cases, a mucinous component in 5 cases, one 
intestinal histotype and one adenosquamous. Most of the 
lesions were well circumscribed, often with a polypoid 
nature. An invasive front, where tumor cells intermin-
gled with healthy tissue, was recognizable (Fig. 1a). The 
depth of invasion varied from perforation of the lamina 
propria to involvement of adjacent organs. The three 

adenoma specimens presented features similar to colon 
polyps, with delimitated borders and a clear base of 
implant, and had various grades of dysplasia from low to 
high. The median follow-up was 47.5 (22.4–63.3) months. 
At the time of analysis, we recorded 3 events of recur-
rence, respectively at 2.8  months, 4 and 17.8  months 
after surgery. Estimated Recurrence Free Survival (RFS) 
with (95% CI) was 74.2 months (56.4–92.0). The sites of 
recurrence were liver (1 patient), regional lymph nodes 
(1 patient) and combination of liver and interaortocaval 
lymph nodes (1 patient). All the three patients who 
relapsed experienced a disease related death respectively 
at 10.6  months, 12 and 33.8  months after surgery. Esti-
mated disease-specific survival (DSS) with (95%CI) was 
73.9 months (56.4-92.0).

Immune cells infiltrating duodenal cancer specimens
By immunohistochemistry, we analyzed the infiltra-
tion of CD8+ , CD45RO+ , PD-1+ T cells (from now 
on referred to as tumor-infiltrating T cells, TILs), 
IL-17+ cells, CD20+ B cells and CD68+ tumor-associ-
ated macrophages (TAM) (Fig. 1b–h). Because CD20+ B 
cells localized not only as interspersed cells (Fig. 1f ) but 
also as dense aggregates (Fig. 1g), we analyzed these two 
immune compartments as distinct, namely CD20-TILs 
and CD20-TLT [20]. In general, for all the immune types 
considered, immune cells localized both in the tumor 
core (TC) and at the invasive margin (IM). Notably, a 
considerable number of immune cells was also present in 

Fig. 1 Immunohistochemical evaluation of immune cells in human duodenal cancer. a Representative picture of a human duodenal 
adenocarcinoma specimen; the invasive front (orange arrow) and tumor core regions (black arrow) are indicated. b–h Representative pictures of 
CD45RO-TILs (b), CD8-TILs (c), IL17+ cells (d), PD1-TILs (e), CD20-TILs (f), CD68-TAM (h) at the invasive margin and CD20-TLT (g) in the tumor stroma. 
Scale bars = 500 μm (a), 200 μm (b–h). TILs: tumor-infiltrating lymphocytes; TLT: tertiary lymphoid tissue; TAM: tumor-associated macrophages
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the mucosa of the peritumor healthy tissue, in particular 
CD8-TILs and CD68+ macrophages (Fig.  1c, h). Quan-
titative assessment by computer-assisted image analysis 
of immune cell densities (immunoreactive area (IRA%)) 
at the invasive margin of adenocarcinoma specimens 
revealed heterogenous distribution of the different cell 
types across patients, with median IRA% (IQR) respec-
tively CD45RO-TILs 2.19 (2.14), CD8-TIL 0.42 (0.81), 
CD20-TILs 0.22 (0.51), CD20-TLT 2.84 (4.64), CD68-
TAM 2.19 (1.56), IL17+ cells 0.39 (0.39), PD1-TILs 0.19 
(0.41) (Fig.  2a). With the exclusion of CD20-TLT, for 
which we specifically analyzed those areas where they 
were localized (Fig. 1g), the most frequent immune type 
was by far CD45RO-TILs, closely followed by CD68-
TAM, with a maximum value of 4.7 and 5.3 respectively.

As in other tumor types, B cells were preferentially 
located in tertiary lymphoid tissue (CD20-TLT) rather 
than interspersed (CD20-TILs), confirming previous 
findings [20]. Spearman correlation analysis showed 
a significant correlation among CD45RO-TILs and 
IL17+ cells (p = 0.007; r = 0.61) (Fig.  2b), whereas CD8-
TILs correlated with PD1 TILs (p = 0.023; r = 0.53) 
(Fig.  2c). In contrast, CD20+ B cells correlated only 
among themselves (TLT and TILs) (p = 0.013, not 
shown), suggesting that they could represent an immune 
compartment distinct from the others analyzed. For the 
two lymphoid immune populations most relevant in 
prognostic studies performed in CRC, CD45RO-TILs 
and CD8-TILs, we analyzed whether there was a prefer-
ential localization at the invasive margin (IM) or tumor 
core (TC) and we found very similar values (Fig. 2d) and 
a significant concordance of the distribution in the two 
compartments (p = 0.002 and p = 0.004) (Fig. 2e, f ).

Variation of immune cell infiltration along the process 
of tumorigenesis and according to histotypes
To test whether immune cell infiltration varies accord-
ing to evolution of disease, we compared the density of 
immune cells in adenomas, adenocarcinomas and ade-
nocarcinomas progressed from adenomas. Surprisingly, 
the distribution of immune cells in the three groups was 
quite homogeneous for all the immune variables consid-
ered (Fig.  3a), thus not evidencing a marked modifica-
tion of immune infiltrate in malignant lesions compared 
to benign ones. Considering the histotype, CD20-TLT 
infiltrate was significantly lower in DA with a mucinous 
histotype compared to the NOS DA (median:1.173 vs 
median:5.437; p = 0.01 by Mann–Whitney) (Fig.  3b). 
Moreover, we overall observed a less abundant B and T 
lymphocyte infiltration in mucinous DA compared to 
NOS DA, even if not statistically significant, possibly 
because of the heterogeneity and scarce numerosity.

Correlation of immune cells with prognostic factors 
and recurrence
Then, we tested the relationship of immune cell 
infiltration with well-known clinical and pathologi-
cal variables, commonly used as prognostic factors. 
At Spearman correlation analysis, we found a sig-
nificant inverse correlation between infiltration of 
CD8-TILs and lymphnode ratio (LNR) (p = 0.013) 
and between density of CD8-TILs and number of 
metastatic lymphnodes (p = 0.019) (Table  2). Accord-
ingly, density of CD8-TILs was lower in N+ adeno-
carcinomas relatively to N0, albeit not significantly 
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Fig. 2 Distribution of immune cells in duodenal cancer specimens. 
a Density (IRA%, percentage of immunoreactive area) of immune 
cells at the invasive margin (n = 18). b Correlation between density 
(IRA%) of CD45RO-TILs and  IL17+ cells at the invasive margin (n = 18; 
r = 0.61; p = 0.007 by Spearman analysis). c Correlation between 
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(n = 18; r = 0.53; p = 0.023 by Spearman analysis). d Comparison 
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core (TC) and at the invasive margin (IM) (n = 18; p = ns by Mann–
Whitney). e, f Correlation between density of immune cell infiltration 
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(median 0.29 vs 1.07; p = 0.090 by Mann–Whitney), 
(Fig.  4a, left). Furthermore, stratifying patients for 
the N status, we observed a difference of CD8-TILs 
density among groups (p = 0.065 by Kruskall-Wallis) 
(Fig.  4a, right). The density of CD8-TILs progressively 
decreased with the increasing of the N stage, suggest-
ing that CD8-TIL infiltration may be protective against 
nodal metastatization. We also observed a correlation 
between CD45RO-TILs and LNR, albeit not significant 
(p = 0.090), while no significant correlation was found 
between density of CD45RO-TILs and nodal metastatic 
status. 

When looking at recurrence, Mann–Whitney analy-
sis evidenced a lower density of CD8-TILs in patients 
who experienced recurrence and died for the disease, 
albeit not significant (median:0.276 vs 0.524; p = 0.079) 
(Fig.  4b, left). Notably, CD68-TAM distribution was 
significantly different in patients who had recurrence 
versus patients who did not (median 1.028 vs 2.276; 
p = 0.036) (Fig.  4b, right), suggesting a protective role 
also for macrophages, in line with data on human CRC. 
As to CD45RO-TILs, their density was not associated 
to recurrence (p = 0.165).

Discussion
The aim of this study was to document density and type 
of immune cells in duodenal cancer, an extremely rare 
neoplastic condition, for which limited knowledge of 
the immune microenvironment is available. Our study 
encompassed the analysis of specific types of immune 
cells that we selected based on current literature. In par-
ticular, CD45RO+ , indicating memory T cells, CD8+ T 
cells, CD20+ B cells and CD68+ macrophages have been 
convincingly shown to associate with prognosis in the 
context of other gastrointestinal malignancies (i.e. colo-
rectal cancer and pancreatic adenocarcinoma) [20–24], 
while IL-17 (indicating Th17 T cells mostly, but also 
other myeloid types) and PD-1 identify cells with critical 
roles at mucosal sites [25–27] or in the context of immu-
notherapy [28–30] respectively.

CD45RO+ cells were the most frequent immune type, 
closely followed by CD68-TAMs, while PD-1+ T cells 
and IL-17+ cells were found at lower levels compared to 
other immune types, as expected. Besides the density of 
immune cells, we considered their localization either in 
the core or at the invasive margin of the tumor and the 
presence of scattered cells versus the organization in 
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Table 2 Spearman’s Rho correlation between  immune 
cells and lymphnode invasion

*Correlation is significant at the 0.05 level (2-tailed)

** Correlation is significant at the 0.01 level (2-tailed)

LNR: Lymph node ratio. n° LN+ : number of metastatic lymph nodes

LNR n° LN+

CD45RO mean  %area

 Correlation coefficient − .452 − .369

 Sig. (2-tailed) .091 .176

CD8 mean  % area

 Correlation coefficient − .625(*) − .596(*)

 Sig. (2-tailed) .013 .019

CD20 TIL mean  %area

 Correlation coefficient − .136 − .110

 Sig. (2-tailed) .630 .697

CD20 TLT mean  %area

 Correlation coefficient − .422 − .340

 Sig. (2-tailed) .117 .215

CD68 mean  %area

 Correlation coefficient − .463 − .361

 Sig. (2-tailed) .082 .186

IL-17 mean  %area

 Correlation coefficient − .429 − .390

 Sig. (2-tailed) .110 .150

PD-1 mean  %area

 Correlation coefficient − .177 − .125

 Sig. (2-tailed) .528 .657
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lymphoid aggregates, in order to adequately capture criti-
cal features of the immune microenvironment. Accord-
ing to localization, CD45RO+ T cells and CD8+ T cells, 
the key variables considered for the Immunoscore in 
colo-rectal cancer (CRC), presented no major differ-
ence, both the populations being uniformly distributed 
at the invasive margin and in the tumor core. According 
to distribution, infiltrating CD20+ B cells were preferen-
tially localized in lymphoid aggregates, although there 
was a correlation between the density of CD20-TILs and 
CD20-TLT.

Distribution of immune cells in adenomas compared 
to duodenal cancers or duodenal cancers progressed 
from adenomas was quite homogeneous, suggesting a 
lack of modification of immune infiltrate in malignant 
and benign lesions. This could be ascribed to different 
reasons; in the first place, the presence of immune cells 
in benign lesions (adenomas) could mirror an early 
activation of the immune response in the early steps of 
tumorigenesis. At the same time, however, it should be 
pointed out that the mucosa of the small bowel hosts 
resident populations of immune cells that could inter-
fere with our analysis focused on tumor-infiltrating 
cells. Since we do not have any means to discriminate 

resident from infiltrating immune cells, this hypothesis 
remains open and only future analyses encompassing 
control specimens could help answering this question.

In human pancreatic adenocarcinoma (PDAC), den-
sity of B cells within lymphoid tissue (CD20-TLT) was 
significantly associated with longer survival [20]. A 
possible explanation, substantiated by evidence in the 
literature and gene expression signature of B cells, is 
that B cells in lymphoid tissue receive important activa-
tion signals that can be critical to mount an antitumor 
immune response. Lymphoid tissue has been associ-
ated to favourable prognosis also in colo-rectal can-
cer patients [22]. In contrast, no prognostic function 
or association with clinical features was observed for 
CD20+ B cells in duodenal cancer. This could be due 
to the fact that lymphoid tissue is a common compo-
nent of the gut-associated lymphoid tissue (GALT) and 
neoformation of lymphoid tissue, as observed in PDAC, 
does not confer a benefit during cancer progression.

A major point of our study was to assess the clinical 
relevance of immune cells in DA, by testing the rela-
tionship of immune cell infiltration with well-known 
clinical-pathological prognostic factors. We found a 
significant inverse correlation of CD8+ cell density 
with nodal involvement, suggesting that an increased 
number of these cells could protect from nodal metas-
tasis. This was further corroborated by a decreased 
CD8-TIL infiltration in patients who relapsed sug-
gesting that adaptive immune escape and particularly 
lack of cytotoxic T cell infiltration may correlate with 
a more aggressive phenotype, as is the case in CRC 
[14]. As to CD45RO, commonly used in prognostica-
tion studies, this marker was not significantly associ-
ated to clinical variables in duodenal cancer. Possible 
explanation could be that expression of this marker is 
not capable to capture specific immune subsets with a 
defined antitumor fucntion. The positive prognostic 
value of CD8-TILs may seem in contrast with the cor-
relation between CD8 and PD-1, since PD-1 is usually a 
marker of exhausted lymphocytes. However, PD-1+ T 
cells have multiple functions, far from being merely 
associated to immunosuppression [31]. More detailed 
studies are required to define the profile of T cells infil-
trating DA. There was also a significant correlation of 
CD68+ TAMs with absence of recurrence, again in line 
with studies showing a positive prognostic function 
of macrophages in human CRC [24, 32]. Interaction 
of macrophages with anticancer treatments, includ-
ing chemotherapy, has been shown to polarize their 
function towards an antitumor mode; this possibility 
remains to be tested in DA.
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Fig. 4 Correlation of immune cell density with clinical variables. a, 
left Density (IRA %) of CD8-TILs according to presence (N+ ; n = 8) 
or not (N0; n = 7) of metastatic lymphnodes (p = 0.093 by Mann–
Whitney). a, right Density (IRA %) of CD8-TILs according to N stage 
(N0: no lymph nodes, n = 7; N1: 1 metastatic lymph node, n = 2; N2, 
more than 1 metastatic lymph node, n = 6; p = 0.064 by Kruskal–
Wallis). b Density (IRA %) of CD8-TILs (left) in patients with recurrence 
(n = 3) and no recurrence (n = 9; p = 0.09 by Mann–Whitney) and 
density (IRA %) of CD68-TAMs (right) in patients with recurrence 
(n = 3) and no recurrence (n = 9; p = 0.036 by Mann–Whitney)
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Conclusions
Our analysis provides a novel characterization of immune 
infiltrate in DA. We describe how different immune sub-
sets are related to well-known clinical and pathologi-
cal characteristics of the disease, and suggest that T cell 
infiltration may play a protective role towards lymphatic 
spread of disease and nodal metastatization. Also, T cell 
density and macrophage infiltration may lower the risk 
of recurrence and disease related death. Despite the fact 
that our findings are in line with results of previous stud-
ies conducted in other malignancies including CRC and 
pancreatic cancer, a clear limitation of our study was the 
limited number of specimens determined by the low inci-
dence of the disease. A multicentric approach, allowing 
analysis of larger cohorts of patients, could circumvent 
this constraint and increase the power of our obser-
vations. It would also be useful to investigate a larger 
number of adenomas, possibly including endoscopically 
resected lesions, in order to better characterize the evolu-
tion of immune infiltrate along the process of tumorigen-
esis. Ultimate goal is including easily assessable immune 
markers in the prognostic stratification algorithm of duo-
denal cancer, to better guide post-operative treatment.

Abbreviations
DA: Duodenal adenocarcinoma; Ad: Adenoma; SBC: Small bowel cancer; 
TNM: Tumor-Nodes-Metastasis staging system; N: Lymphnode; TME: Tumor 
microenvironment; CRC : Colorectal cancer; PDAC: Pancreatic ductal adeno-
carcinoma; TC: Tumor core; IM: Invasive margin; CT: Computed tomography; 
EGDS: Esofago-gastro-duodenoscopy; EUS: Endoscopic ultrasound; FNAB: 
Fine needle aspiration biopsy; EDTA: Ethylenediaminetetraacetic acid; IQR: 
Interquartile range; RFS: Recurrence-free survival; DSS: Disease-specific 
survival; IRA: Immune reactive area; NOS: Not otherwise specified; TILs: Tumor 
infiltrating lymphocytes; TLT: Tertiary lymphoid tissue; TAM: Tumor associated 
macrophages.

Acknowledgements
Not applicable.

 Authors’ contributions
GC, FM conceived and designed the project. GD, NC, AR acquired histological 
data. GC and GD performed statistical analysis. GC, FG, GN, AP, AZ performed 
surgery and obtained surgical specimens. MS, PS provided tissue slides and 
revised tissue analysis. GC, GD, NC, AZ, FM drafted the work and substantially 
revised it. All authors read and approved the final manuscript.

 Funding
The research leading to these results has received funding from Associazi-
one Italiana per la ricerca sul cancro (AIRC). The funders had no role in study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript.

 Availability of data and materials
All materials and data are stored at Humanitas Clinical and Research Center 
and may be shared upon request directed to the corresponding authors.

Ethics approval and consent to participate
All the patients were enrolled in the study after signed informed consent 
including collection of biological specimens and clinical data. The study was 
approved by the Ethical Committee of the Institution (protocol number ICH-
595, approval issued on May 2009).

Consent for publication
No individual data are presented in this manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Section of Pancreatic Surgery, Humanitas Clinical and Research Center-IRCCS, 
Via Manzoni 56, 20089 Rozzano, Milano, Italy. 2 Department of Immunology 
and Inflammation, Humanitas Clinical and Research Center-IRCCS, Via Rita 
Levi Montalcini 4, Pieve Emanuele, 20090 Rozzano, Milano, Italy. 3 Department 
of Medical Biotechnology and Translational Medicine, University of Milan, 
Milan, Italy. 4 Department of Pathology, Humanitas Clinical and Research 
Center-IRCCS, Rozzano, Italy. 5 Department of Biomedical Sciences, Humanitas 
University, Rozzano, Italy. 

Received: 19 March 2020   Accepted: 26 August 2020

References
 1. Bilimoria KY, Bentrem DJ, Wayne JD, Ko CY, Bennett CL, Talamonti MS. 

Small bowel cancer in the United States: changes in epidemiology, treat-
ment, and survival over the last 20 years. Ann Surg. 2009;249:63–71.

 2. Halfdanarson TR, McWilliams RR, Donohue JH, Quevedo JF. A single-insti-
tution experience with 491 cases of small bowel adenocarcinoma. Am J 
Surg. 2010;199:797–803.

 3. Overman MJ, Hu CY, Kopetz S, Abbruzzese JL, Wolff RA, Chang GJ. A 
population-based comparison of adenocarcinoma of the large and small 
intestine: insights into a rare disease. Ann Surg Oncol. 2012;19:1439–45.

 4. Raghav K, Overman MJ. Small bowel adenocarcinomas–existing evidence 
and evolving paradigms. Nat Rev Clin Oncol. 2013;10:534–44.

 5. Cloyd JM, George E, Visser BC. Duodenal adenocarcinoma: advances 
in diagnosis and surgical management. World J Gastrointest Surg. 
2016;8:212–21.

 6. Overman MJ, Hu CY, Wolff RA, Chang GJ. Prognostic value of lymph node 
evaluation in small bowel adenocarcinoma: analysis of the surveillance, 
epidemiology, and end results database. Cancer. 2010;116:5374–82.

 7. Kim MJ, Choi SB, Han HJ, Park PJ, Kim WB, Song TJ, et al. Clinicopatho-
logical analysis and survival outcome of duodenal adenocarcinoma. 
Kaohsiung J Med Sci. 2014;30:254–9.

 8. Mann K, Gilbert T, Cicconi S, Jackson R, Whelan P, Campbell F, et al. 
Tumour stage and resection margin status are independent survival fac-
tors following partial pancreatoduodenectomy for duodenal adenocarci-
noma. Langenbecks Arch Surg. 2019;404:439–49.

 9. Dabaja BS, Suki D, Pro B, Bonnen M, Ajani J. Adenocarcinoma of the small 
bowel: presentation, prognostic factors, and outcome of 217 patients. 
Cancer. 2004;101:518–26.

 10. Seifert E, Schulte F, Stolte M. Adenoma and carcinoma of the duode-
num and papilla of Vater: a clinicopathologic study. Am J Gastroenterol. 
1992;87:37–42.

 11. Taube JM, Galon J, Sholl LM, Rodig SJ, Cottrell TR, Giraldo NA, et al. 
Implications of the tumor immune microenvironment for staging and 
therapeutics. Mod Pathol. 2018;31:214–34.

 12. Fridman WH, Pages F, Sautes-Fridman C, Galon J. The immune contex-
ture in human tumours: impact on clinical outcome. Nat Rev Cancer. 
2012;12:298–306.

 13. Fridman WH, Zitvogel L, Sautès-Fridman C, Kroemer G. The immune 
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol. 
2017;14:717–34.

 14. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages 
C, et al. Type, density, and location of immune cells within human colo-
rectal tumors predict clinical outcome. Science. 2006;313:1960–4.

 15. Laghi L, Bianchi P, Miranda E, Balladore E, Pacetti V, Grizzi F, et al. 
CD3+ cells at the invasive margin of deeply invading (pT3-T4) colorectal 
cancer and risk of post-surgical metastasis: a longitudinal study. Lancet 
Oncol. 2009;10:877–84.

 16. Galon J, Angell HK, Bedognetti D, Marincola FM. The continuum of cancer 
immunosurveillance: prognostic, predictive, and mechanistic signatures. 
Immunity. 2013;39:11–26.



Page 9 of 9Donisi et al. J Transl Med          (2020) 18:340  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 17. Pagès F, Galon J, Dieu-Nosjean MC, Tartour E, Sautès-Fridman C, Fridman 
WH. Immune infiltration in human tumors: a prognostic factor that 
should not be ignored. Oncogene. 2010;29:1093–102.

 18. Angell H, Galon J. From the immune contexture to the Immunoscore: the 
role of prognostic and predictive immune markers in cancer. Curr Opin 
Immunol. 2013;25:261–7.

 19. Pagès F, Mlecnik B, Marliot F, Bindea G, Ou FS, Bifulco C, et al. International 
validation of the consensus immunoscore for the classification of colon 
cancer: a prognostic and accuracy study. Lancet. 2018;391:2128–39.

 20. Castino GF, Cortese N, Capretti G, Serio S, Di Caro G, Mineri R, et al. Spatial 
distribution of B cells predicts prognosis in human pancreatic adenocar-
cinoma. Oncoimmunology. 2016;5:e1085147.

 21. Fridman WH, Galon J, Pagès F, Tartour E, Sautès-Fridman C, Kroemer G. 
Prognostic and predictive impact of intra- and peritumoral immune 
infiltrates. Cancer Res. 2011;71:5601–5.

 22. Di Caro G, Bergomas F, Grizzi F, Doni A, Bianchi P, Malesci A, et al. Occur-
rence of tertiary lymphoid tissue is associated with T-cell infiltration and 
predicts better prognosis in early-stage colorectal cancers. Clin Cancer 
Res. 2014;20:2147–58.

 23. Di Caro G, Cortese N, Castino GF, Grizzi F, Gavazzi F, Ridolfi C, et al. Dual 
prognostic significance of tumour-associated macrophages in human 
pancreatic adenocarcinoma treated or untreated with chemotherapy. 
Gut. 2016;65:1710–20.

 24. Malesci A, Bianchi P, Celesti G, Basso G, Marchesi F, Grizzi F, et al. Tumor-
associated macrophages and response to 5-fluorouracil adjuvant therapy 
in stage III colorectal cancer. Oncoimmunology. 2017;6:e1342918.

 25. Amicarella F, Muraro MG, Hirt C, Cremonesi E, Padovan E, Mele V, et al. 
Dual role of tumour-infiltrating T helper 17 cells in human colorectal 
cancer. Gut. 2017;66:692–704.

 26. Numasaki M, Fukushi J, Ono M, Narula SK, Zavodny PJ, Kudo T, et al. 
Interleukin-17 promotes angiogenesis and tumor growth. Blood. 
2003;101:2620–7.

 27. Wang K, Kim MK, Di Caro G, Wong J, Shalapour S, Wan J, et al. Interleu-
kin-17 receptor a signaling in transformed enterocytes promotes early 
colorectal tumorigenesis. Immunity. 2014;41:1052–63.

 28. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al. 
Nivolumab versus docetaxel in advanced nonsquamous non-small-cell 
lung cancer. N Engl J Med. 2015;373:1627–39.

 29. Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune checkpoint 
inhibitors: recent progress and potential biomarkers. Exp Mol Med. 
2018;50:1–11.

 30. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al. 
Combined nivolumab and ipilimumab or monotherapy in untreated 
melanoma. N Engl J Med. 2015;373:23–34.

 31. Badoual C, Hans S, Merillon N, Van Ryswick C, Ravel P, Benhamouda N, 
et al. PD-1-expressing tumor-infiltrating T cells are a favorable prog-
nostic biomarker in HPV-associated head and neck cancer. Cancer Res. 
2013;73:128–38.

 32. Forssell J, Oberg A, Henriksson ML, Stenling R, Jung A, Palmqvist R. High 
macrophage infiltration along the tumor front correlates with improved 
survival in colon cancer. Clin Cancer Res. 2007;13:1472–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Immune infiltrating cells in duodenal cancers
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients and study design
	Immunohistochemistry
	Image analysis
	Statistical analysis

	Results
	Immune cells infiltrating duodenal cancer specimens
	Variation of immune cell infiltration along the process of tumorigenesis and according to histotypes
	Correlation of immune cells with prognostic factors and recurrence

	Discussion
	Conclusions
	Acknowledgements
	References




