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Purpose: Pancreatic neuroendocrine tumours (panNETs) are rare tumours of pancreas.
Lymphocyte subsets in the peripheral blood are reported to reflect tumour prognosis and
progression. The objective of the study is to investigate the hypotheses that the levels of
peripheral lymphocytes may reflect tumour progression and may predict the prognosis of
pancreatic neuroendocrine tumours (panNETs).

Patients and Methods: A retrospective cohort study consisting of 73 patients diagnosed
with panNETs was conducted. Kaplan-Meier methods and Log rank tests were used to
compare the survival rates, and a Cox regression model was used to perform multivariate
analyses.

Results: panNET patients with distant metastasis were associated with lower peripheral total
T cell (p = 0.039) and CD4+ T cell (p = 0.006) counts. Lower peripheral B cells (p = 0.007)
and higher peripheral NK cell (p = 0.001) counts indicated worse progression-free survival
(PFS) in Log rank tests. In multivariate analyses, low B cell count (hazard ratio (HR): 6.769,
95% confidence interval (CI): 2.158 to 21.228, p = 0.001) and high NK cell count (HR:
3.715, 95% CI: 1.164 to 11.855, p = 0.027) were independent risk factors for progression.
NK cells and B cells were also significantly associated with PFS following radical surgical
resection.

Conclusion: Peripheral total T cell and CD4+ T cell counts may reflect the distant
metastasis status in panNET patients. The absolute count of peripheral B cells and NK
cells may independently predict the progression of panNET patients, making them promising
prognostic indicators and potential targets for treatment of panNETs.

Keywords: pancreatic neuroendocrine tumours, panNETs, lymphocyte subsets, progression-
free survival, B cells

Background

Pancreatic neuroendocrine tumours (panNETs) are rare neuroendocrine neo-
plasms that arise in the islet of Langerhans." PanNETs comprise less than 3%
of all pancreatic neoplasms, and the annual incidence rate is less than 1 per
100,000 individuals, but the incidence has steadily increased over the last two
decades, partly due to improved diagnostic imaging.' Unlike other pancreatic
malignancies, which are notorious for their aggressiveness and high mortality

rates, panNETs are characterized by their indolent tumour biology and relatively
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better prognosis, with a 5-year survival rate of 42.1%.’
PanNETs are dichotomized into functional (F-panNETs)
and non-functional (NF-panNETSs) based on the hormonal
secretion status of the tumour and the resulting clinical
symptoms.* According to the new classification of
panNETs proposed by the World Health Organization
(WHO) in 2017, panNETs can be subcategorized into
well-differentiated (G1, G2, or G3) panNETs and poorly
differentiated (G3) pancreatic neuroendocrine carcino-
mas (panNECs). In this study, we mainly focused on
well-differentiated panNETs. It is reported that old
age,” presence of lymph node and distant metastasis,*
positive margins,” high fluorodeoxyglucose (FDG)
uptake,® and high ki-67 index all negatively correlate
with the prognosis of well-differentiated panNETs, and
particularly, ki-67 index is a major proliferative factor in
panNETs with a significant prognostic value.” However,
those traditional parameters for tumour staging do not
always satisfactorily predict the prognosis of panNETs,
which highlights the need for novel prognostic biomar-
kers for panNETs.

Tumour progression is a complicated process that
involves tumour-host immunological interactions — the
host immune status profoundly influences tumour devel-
opment and vice versa.'® Peripheral immune cells are
believed to reflect the host immunity in tumour patients,
and several reports have demonstrated that peripheral
immune cell counts may have a remarkable impact on
tumour prognosis.'' '

Lymphocyte subpopulations are immune cells that are
vital to anti-tumour immunity and include T cells (that
specialize in cellular immunity), B cells (that specialize
in humoural immunity) and natural killer (NK) cells (that
directly kill tumour cells and virus-infected cells).'*'®
CD3+ T cells can be mainly subdivided into 2 subsets
according to their immunological functions and cell sur-
face markers: CD8+ T cells and CD4+ T cells. CD8+
T cells are also known as cytotoxic T cells (identified as
CD3'CDS8" T cells), which kill tumour cells by releasing
cytokines, cytotoxic granules, or via Fas/FasL
interactions.'” CD4+ T cells (identified as CD3'CD4"
T cells) are commonly divided into conventional
T helper (Th) cells, which play a pivotal role in regulating
the immune responses of other immune cells, including
cytotoxic T cells, B cells and macrophages, and regulatory
T cells, which are characterized as immunosuppressive
lymphocytes that inhibit the activation and proliferation
of effector T cells.'® B cells and NK cells are identified as

CD3°CDI19" and CD3 CDI16°CD56"

respectively.

cells cells,

Since these lymphocyte subsets strongly correlate with
tumour immune surveillance and may thus influence
tumourigenesis and tumour progression,' alterations in
the levels of peripheral lymphocyte subsets may reflect
the state of tumour development and may predict tumour
prognosis. The neuroendocrine system plays a critical role
in regulating the immune system, which further suggests
that the immunological status of the host, which can be
reflected by the levels of peripheral lymphocyte subsets,
strongly affects the prognosis of neuroendocrine tumour
patients.”” However, thus far, the prognostic significance
of the levels of peripheral lymphocyte subsets in neuroen-
docrine tumours has not been thoroughly investigated. In
this study, we aim to investigate the hypothesis that per-
ipheral lymphocytes may reflect tumour progression and
may predict the prognosis of panNETs.

Materials and Methods

Design and Patients

A retrospective, follow-up, cohort study consisting of 78
panNET patients who met the inclusion criteria from
May 2009 to January 2018 was conducted at Shanghai
Cancer Center, Fudan University, China, and 5 of the
participants were lost to follow-up. Ultimately, 73 patients
were included in the cohort. The diagnosis of resected
panNETs was based on post-operational pathology report,
and the diagnosis of patients who did not undergo surgical
resection was confirmed by cytological or histological
pathology report obtained via endoscopic ultrasound-
guided fine-needle aspiration biopsy (EUS-FNA), or per-
cutaneous liver biopsy (PLB) when liver metastasis was
present. The inclusion criteria were as follows: (1) patients
who were histologically or cytologically diagnosed with
panNETs; (2) patients with complete data on peripheral
lymphocyte subgroup counts; and (3) patients who
received major treatment in our centre, which includes
surgical resection and chemotherapy. The exclusion cri-
teria were as follows: (1) patients without follow-up data;
(2) patients with poorly differentiated panNECs according
to the fifth edition of the WHO classification of tumours;
(3) patients with secondary malignancies or multiple pri-
mary malignancies; (4) patients with diseases of the
immune system or a history of viral or bacterial infections
within 2 weeks before major treatments; and (5) patients
with haematological disorders.
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We collected baseline clinicopathological data, includ-
ing sex, age, tumour location, tumour stage, tumour grade,
tumour functional status, tumour size, and major treatment
received, from the patients’ medical history from Shanghai
Cancer Center. The tumour grade was determined based
on the fifth edition of the WHO Classification of Tumour,
and was reviewed by expert pathologists. Tumour sizes
were measured according to the last enhanced computed
tomography (CT) scans prior to major treatment.

Due to the low number of patient deaths in our cohort,
instead of overall survival (OS), PFS was the primary
endpoint, which was defined as the length of time from
the beginning of treatment to the detection of disease
progression or to death from any cause. Disease progres-
sion was defined as increase in number/size if pre-existing
lesions and/or recurrence after previous radical surgery,
and was based on the Response Evaluation Criteria in
(RECIST) 1.1).
Progression was assessed by imaging (including CT, mag-

Solid Tumours criteria  (version
netic resonance imaging (MRI), and 68-Gallium and/or
FDG positron emission tomography (PET)/CT). The fre-
quency of imaging re-examinations for each patient varied
according to the different tumour stages and treatments.
For patients who underwent radical surgery and did not
require further treatment, the frequency of follow-up
examinations gradually decreased. For patients who
needed further treatment, imaging re-examinations were
regularly carried out every 3 months.

The objective of this study was to assess the clinical
significance of the absolute counts of lymphocyte sub-
sets in the peripheral blood for predicting the prognosis
of panNET patients. The additional objectives were to
investigate the correlation between the levels of per-
ipheral lymphocyte subsets and sex, age, tumour grade,
tumour function, distant metastasis and nodal
metastasis.

This study was approved by the Ethics Board of
Shanghai Cancer Center, Fudan University, and all patients
involved in this study provided informed consent for the

use of their personal data for research purposes.

Blood Samples and Flow Cytometry

We determined the baseline value of the peripheral
lymphocyte subset count by the flow cytometric analysis
of patient blood samples. Before receiving major treat-
ments, the peripheral blood samples of patients were
collected and instantly processed for flow cytometric
analysis using a MultiSET IMK Kit (BD Bioscience,

USA). Antibodies (eBioscience, USA) against CDS,
CD4, CD3, CD19, CD56 and CD16 were used, and we
evaluated the absolute count of each subset. Data ana-
lysis was performed using FlowJo. We used CD3+ to
represent total T cells; CD3+CD4+ to represent CD4+
T cells; CD3+CD8+ to represent CD8+ T cells; CD3-
CD19+ to represent B cells; and CD3-CD16+CD56+ to
represent NK cells.

Statistical Analyses

We used the Kaplan—Meier method with a 95% confi-
dence interval (CI) to estimate PFS. Log rank tests were
conducted to compare the survival curves of the two
groups. Receiver operating characteristic (ROC) curve
analyses were performed to set the cut-off value for
each lymphocyte subset. The results of multivariate
analyses were evaluated with the Log rank test and
Cox regression hazard models. Spearman’s rank correla-
tion tests were used to evaluate the correlation between
the lymphocyte subset count and clinicopathologic char-
acteristics. All the statistical analyses were performed
using SPSS 23.0 software (SPSS, Inc., Chicago, IL).
A p value less than 0.05 was considered statistically

significant, and all the p values are two-sided.

Results

Patient Baseline Characteristics

Initially, 78 patients with panNETs were included in this
study. Among these patients, 5 were lost to follow-up,
and the lost-to-follow-up rate was 6.41%. All partici-
pants lost to follow-up were removed from the analysis,
and 73 patients were ultimately included in the final
investigation. The baseline characteristics of the patients
are shown in Table 1. The median age of the patients
was 50, ranging from 16 to 77. Of the 73 participants,
65 (89.0%) had undergone surgical resection, and 8
(11.0%) had received non-surgical treatment, which
included somatostatin analogue treatment (Octreotide
etc.), molecular targeted therapy (Sunitinib etc.), hepatic
arterial infusion chemotherapy (HAIC) and transarterial
chemoembolization (TACE). Seventeen patients had dis-
tant metastases, 14 of which were liver lesions, 1 had
pulmonary lesion and 1 had peritoneal lesion; 9 patients
with liver metastases had undergone surgical resection.
There were 7 patients with functioning panNETs, 1 of

them was gastrinoma, and 6 were insulinoma.
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Table | Baseline Characteristics of the Patients

Table | (Continued).

Characteristics | Parameters Number | Percentage
Characteristics | Parameters Number | Percentage
Age <60 (years) 55 75.3% 5
B Cell Count <0.17 x 10°/L 33 45.2%
260 (years) 18 24.7% .
>0.17 x 10°/L 40 54.8%
Sex Male 32 43.8% Notes: *One of the patients has lost the data on tumor grade. Cut-off value was
Female 41 56.2% set by receiver operating characteristic (ROC) curve analysis.
Tumor Location Head and Neck of 30 41.1% . .
Pancreas Correlation of the Baseline Levels of
Body and Tail of | 43 58.9% Peripheral Lymphocyte Subsets with
Pancreas Clinicopathologic Parameters
Tumor Grade® Gl 29 39.7% The statistical correlations between the baseline absolute
- 3 8.9% counts of total T cells, CD4+ T cells, CD8+ T cells, B cells
and NK cells and several clinicopathologic parameters
Ki67 Index 2% 3! 42.5% were evaluated with Spearman’s rank correlation tests
>2% 42 57.5% and are shown in Supplement Table A1l. Distant metastasis
Nodal Metastasis | No 53 72.6% negatively correlated with the total T cell count
» N 5o (Spearman’s rho = —0.242, p = 0.039) and the CD4+
e '° T cell count (Spearman’s tho = —0.317, p = 0.006). To
Unknown 9 12.3% further confirm this correlation, we used Mann-Whitney
Distant No 56 76.7% U-tests (see Figure 1) to compare the mean absolute
Metastasis Yes 17 23.3% counts of the lymphocyte subsets in patients with different
distant metastatic statuses. The total T cell count (p =
Tumor Function | Non-Functional 66 904% 0.039) and the CD4+ T count (p = 0.006) were signifi-
Functional 7 9.6% cantly lower in patients with distant metastasis than those
Tumor Size >4 cm 13 45.2% in patients without distant metastasis. However, the abso-
lute counts of peripheral CD8+ T cells, NK cells and
<4 cm 40 54.8% . .. . . ..
B cells did not show significant correlations with clinico-
Treatment Radical Resection 58 79.4% pathologic parameters.
Received
Non-radical 7 9.6%
Resection Peripheral B Cell and NK Cell Absolute
Non-surgical 8 0% Counts Correlated with Progression-Free
Treatment . . . .
Survival in Patients with panNETs
9 o
-(r:°tal T Cell =107 x 1071 33 45.2% At the end of the follow-up period, 28 (38.4%) of the
t . . .
eun >1.07 x 10°/L 40 54.8% participants (N=73) had progression. The median (range)
CD4+ T Cell <052 x 10°/L 2l 28.8% duration of follow-up after panNETs diagnosis in all
Count " patients was 19 months (1.6 to 83 months), and the median
>0.52 x 10°/L 52 71.2% .
(95% CI) PFS of all patients was 60.0 months (41.6 to
CD8+ T Cell <025 x 10°L 3 17.8% 78.4 months). The fraction of progression, median pro-
Count >0.25 x 10%/L 60 82.2% gression-free time of each group and p value derived
; from Log rank tests are shown in Table 2. Kaplan-Meier
NK Cell Count <0.46x 10°/L 50 68.5% . .
curves of PFS are shown in Figure 2. Log rank tests
9 o,
>0:46 x 107L B 31.5% indicated that the absolute counts of peripheral Total
(Continued) T cell (p = 0.036), CD4+ T cells (p = 0.006) and B cells
6730 submit your manuscript Cancer Management and Research 2020:12
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Figure | Difference in mean peripheral lymphocyte levels in patients with or without distant metastasis. (A) Total T cell count in peripheral blood is significantly higher in
patients without distant metastasis. (B) CD4+ T cell count in peripheral blood is significantly higher in patients without distant metastasis. (C) CD8+ T cell count in
peripheral blood has no significant correlation with distant metastasis. (D) NK cell count in peripheral blood has no significant correlation with distant metastasis. (E) B cell
count in peripheral blood has no significant correlation with distant metastasis. Error bars represent the standard deviation. P values derived from Mann-Whitney U-tests.

(p = 0.007) positively correlated with the PFS of patients
with panNETs — a higher count indicated a better prog-
nosis; while peripheral NK cell count (p = 0.001) was
found negatively associated with the PFS. The absolute
counts of peripheral CD8+ T cells did not significantly
correlate with PFS.

Absolute Counts of Peripheral NK Cells
and B Cells May Independently Predict
the Progression of panNETs

The results of univariate and multivariate analyses for the
PFS of panNET patients based on a Cox regression model
are shown in Table 3. In the multivariable-adjusted Cox
regression model that included tumour grade, nodal metas-
tasis, distant metastasis and treatment received, the adjusted

hazard ratio (HR) for progression comparing those with low
versus high peripheral B cell count and those with low
versus high peripheral NK cell count were 6.769 (95%
confidence interval (CI): 2.158 to 21.228) and 3.715 (95%
CI: 1.164 to 11.855), respectively, suggesting that a low
peripheral B cell count and a high peripheral NK cell
count may independently predict progression of panNETs.

Absolute Counts of Peripheral B Cells
and NK Cells Were Associated with
Progression-Free Survival in panNETs
Patients Following Radical Surgical

Resection
To further investigate the prognostic value of peripheral lym-
phocyte subset counts in patients who had no distant metastatic

Table 2 Progression Fraction and Median Progression-Free Survival of Each Group

Lymphocytes Cutoff Values Progression Fraction Median PFS (95% CI) (Months) P value
Total T Cell <1.07 x 10°/L 48.5% 48.0 (0 to 97.2) 0.036*
>1.07 x 10°/L 30.0% 72.1 (50.4 to 93.8)
CD4+ T Cell <0.52 x 10°/L 61.9% 35.0 (0 to 74.4) 0.006*
>0.52 x 10°/L 28.8% 72.1 (50.5 to 93.7)
CD8+ T Cell <0.25 x 10°/L 30.8% 67.1 (-) 0.245
>0.25 x 10°/L 40.0% 48.2 (33.4 to 63.1)
NK Cell <0.46x 10°/L 26.0% 73.1 (48.3 to 98.0) 0.001*
>0.46 x 10°/L 65.2% 13.3 (0 to 41.6)
B Cell <0.17 x 10°/L 48.5% 35.0 (0 to 73.1) 0.007*
>0.17 x 10°/L 30.0% 72.1 (50.0 to 94.2)
Notes: * p < 0.05. P value derived from Log rank tests.
Abbreviations: PFS, progression-free survival; Cl, confidence interval.
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Figure 2 Kaplan-Meier curves for progression-free survival (n = 73). (A) Absolute count of peripheral total T cells >1.07 x 10°/L and <1.07 x 10°/L. (B) Absolute count of
peripheral CD4+ T cell >0.52 x 10%/L and <0.52 x 10%/L. (C) Absolute count of peripheral CD8+ T cells >0.25 x 10°/L and <0.25 x 10%/L. (D) Absolute count of peripheral
NK cells >0.46 x 10°/L and <0.46 x 10°/L. (E) Absolute count of peripheral B cells >0.17 x 10/L and <0.17 x 10%/L. P value derived from Log rank tests.

sites and underwent radical surgical resection, we studied the
subgroup of 56 patients without distant metastasis, and all of
them underwent surgical resection. Kaplan—-Meier curves of
PFS are shown in Figure 3. Log rank tests indicated that high
absolute counts of peripheral B cells (p = 0.011) correlated with
better PFS of patients with panNETs, while the high peripheral
NK cell count (p =0.018) indicated worse PFS of patients with
panNETs. The absolute counts of peripheral total T cells, CD8
+ T cells and CD4+ cells did not significantly correlate with
PFS. The results of univariate and multivariate analyses
(Supplement Table A2) for the PFS of panNET patients
based on a Cox regression model revealed that high peripheral
NK cell counts (HR = 11.189, 95% CI: 2.334 to 53.645, p =
0.003) and low peripheral B cell counts (HR =10.811, 95% CI:
2.202 to 53.075, p = 0.003) were independent risk factors for
PFS in panNET patients who have undergone radical surgical

resection.

Discussion
In this study, we examined the progression-free survival
(PFS) of 73 panNET patients and their absolute counts of
the blood

lymphocyte subsets in peripheral in

a retrospective cohort to evaluate the correlation of the
prognosis and clinicopathological parameters of panNET
patients and the levels of peripheral lymphocyte subsets,
thus providing a novel prognostic biomarker for panNETSs.

Our study revealed that the absolute counts of total
T cells and CD4+ T cells strongly correlate with the
metastatic status. Patients with distant metastasis tended
to have lower total T cell and CD4+ T cell counts in the
peripheral blood. Our study also demonstrated that a high
NK cell count and a low B cell count may predict poor
PFS and were independent prognostic factors for PFS after
adjusting for tumour grade, nodal metastasis, distant
metastasis, and treatment received in both the 73-patient
cohort and in the subgroup of patients who had no distant
metastases and underwent radical surgical resection; the
rest of the subsets did not display significant correlations
with PFS in multivariate analyses.

T cells mediate cellular immunity and play a prominent
role in anti-tumour immune responses. T cells can be
generally divided into CD4+ T cells, CD8+ T cells, mem-
ory T cells, and natural killer T cells. CD4+ T cells play

a pivotal role in anti-tumour immunity by regulating most
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Table 3 Univariate and Multivariate Analyses for PFS
Characteristics Parameters Univariate Analyses Multivariate Analyses
HR 95% CI p value HR 95% ClI p value
Age <60 (years) |
260 (years) 0.769 0.308 to 1.920 0.574
Sex Male |
Female 0.707 0.315 to 1.587 0.401
Tumor Location Head and Neck of Pancreas |
Body and Tail of Pancreas 1.325 0.630 to 2.789 0.459
Tumor Grade Low | |
Intermediate 3.328 1.260 to 8.790 0.015*% 1.530 0431 to 5.429 0.510
Nodal Metastasis No | |
Yes 4.160 1.602 to 10.800 0.003* 3.191 0.971 to 10.482 0.056
Unknown 12.476 4.439 to 35.062 <0.001* 6.996 0.559 to 87.626 0.131
Distant Metastases No | |
Yes 17.095 6.675 to 38.954 <0.001* 66.400 8.246 to 534.685 <0.001*
Tumor Function Non-Functional I
Functional 111 0.260 to 4.750 0.887
Tumor Size <4 cm |
24 cm 1.525 0.691 to 3.370 0.296
Treatment Received Radical Resection I |
Non-radical Resection 13.614 5.023 to 36.894 <0.001* 0.241 0.033 to 1.753 0.160
Non-surgical Treatment 13.791 4.800 to 39.623 <0.001* 0.056 0 to 1.105 0.056
Total T Cells >1.07 x 10°/L | [
<1.07 x 10°/L 2.284 1.033 to 5.050 0.041* 0.591 0.107 to 3.262 0.546
CD4+ T Cells >0.52 x 107/L |
<0.52 x 107/L 2.835 1.308 to 6.145 0.008* 1.064 0.170 to 6.642 0.947
CD8+ T Cells >0.25 x 10°/L |
£0.25 x 10%/L 1.881 0.639 to 5.539 0.252
NK cells <0.46x 10°/L | [
>0.46 x 107/L 3.287 1.530 to 7.060 0.002* 3.715 1.164 to 11.855 0.027*
B cells >0.17 x 10°1L I [
<0.17 x 10°/L 2.891 1.292 to 6.466 0.010* 6.769 2.158 to 21.228 0.001*
Notes: * p < 0.05. P value derived from Cox regression: Enter method.
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Figure 3 Kaplan—Meier curves for progression-free survival in patients following radical surgical resection (n = 56). (A) Absolute count of peripheral total T cells >1.07 x
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derived from Log rank tests.

antigen-specific immune responses and thus orchestrating
the complex anti-tumour immune process that suppresses
tumour progression and development.?' Most remarkably,
CD4+ helper T cells are responsible for providing regula-
tory cytokines that are required for the priming of CD8+
cytolytic T lymphocytes, which are believed to function as
the vital effector cells that execute tumour cell killing.*
Moreover, CD4+ helper T cells may also boost humoural
immunity by activating B cells, thus stimulating antibody
production.”® Several studies have reported that there are
decreases in total T cells and CD4+ T cells in patients with
132324 and total T cells and CD4+ T cells were

found to be lower in patients with cancer than in healthy

metastasis,

people and to be lower in individuals with only primary
tumours than in patients with one or more distant
metastasis.”> We speculate that the decreases in total
T cells and CD4+ cells were probably due to T cell
exhaustion. T cell exhaustion is a state of T cell dysfunc-
tion that was originally reported in chronic viral infections
but has recently been described in many types of
tumours.”*?’ T cell exhaustion is characterized by the

gradual and progressive impairment of T cell function
and can ultimately result in the physical loss of T cells.?®
T cell exhaustion was reported in both CD4+ and CD8+
T cells, and notably, the exhaustion of tumour-specific
CDS8+ T cells was reported in metastasis from melanoma
patients.’® A vicious cycle is thus formed, where an
impaired immune status may lead to metastasis, and in
patients with metastasis, the immune status is further
compromised.

B cells predominantly function in humoural immunity,
whose role in anti-tumour immunity, though less investi-
gated than that of T cells, has attracted increasing
attention.”” In addition to antibody secretion, B cells may
also release cytokines that regulate other immune cells,
orchestrating and regulating T cell and innate immune
responses. Remarkably, B cells may enhance the activity
of cytotoxic T cells and may have direct tumour-killing
effects by secreting granzyme B and indirect tumoricidal
effects that occur in an antibody-dependent manner.”
Therefore, B cells may play a crucial role in restricting
tumour progression and development.

Here, we
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demonstrated that peripheral B cells independently predict
the progression of panNETs, which indicates that periph-
eral B cell levels may be a promising independent prog-
nostic indicator in panNET patients and a potential target
for panNET treatment.

We also noticed that, in contrast to B cells, a high
absolute count of peripheral NK cells was associated with
a shorter PFS and was an independent prognostic factor in
patients that underwent radical surgical resection. This
result was completely different from our hypothesis regard-
ing NK cells, which are known to directly kill tumor cells
through the release of toxic granules and to play a key role
in suppressing tumor metastasis.**>' In fact, multiple stu-
dies have reported similar results in various cancer types.

Tietze et al*?

reported that a low level of total peripheral
NK cells may predict a better prognosis in melanoma
patients than normal or high peripheral NK cell levels.
Jonge et al'! reported similar results in melanoma patients
and indicated that a certain type of NK cells may have an
adverse effect on the anti-tumor responses by suppressing
T cell activities via CD38, perforin, CD11a and IFNy. Yang
et al*® reported that a high absolute count of NK cells was
associated with poor prognosis in pancreatic cancer
patients. Though the anti-tumor activities of NK cells
have been demonstrated and corroborated, mounting evi-
dence on the pro-tumor and pro-metastatic role of NK cells
in tumors is also emerging. First, the expression of NK cell
receptors can be modified by tumor cells, which allows the
tumor cells to evade the anti-tumor activity of NK cells.*’
The levels of multiple receptors that may activate NK cells,
including NKG2D, NKp30, NKp46, and perforin-positive
NK cells, were found to be substantially downregulated in
patients with pancreatic cancer, gastric cancer, and color-
ectal cancer, and these decreases were associated with
tumor progression.’* Moreover, NK cells can also directly
generate a pro-tumor microenvironment and may facilitate
tumor metastasis. For instance, IFN-y and TNF-o0, two
distinct anti-tumor cytokines released by NK cells, were
reported to trigger the adaptive immune evasion of tumor
cells and epithelial-to-mesenchymal transition (EMT),*
which is a phenotype-switching process that allows prolif-
erative tumor cells to shift into a migratory and invasive
state.’® NK cells may also cause tumor cells to acquire an
EMT phenotype via the alteration of HLA-I, PD-L1, or
NKG2D-L in tumor cells.**>” Further, NK cells may pro-
mote tumor metastasis via the expression of matrix metal-
loproteinases (MMPs), which facilitate the degradation of
the extracellular matrix and may, in turn, contribute to

tumor cell migration and invasion, or via the tumor-
related persistent inflammation that is induced by NK cell-
secreted IL-6 and 1L-32.'

A major limitation of our study was that it was
a retrospective cohort study that was conducted at a single
centre with a limited sample size, a relatively short follow-up
time and a relatively low progression rate. The lack of
a mechanistic investigation leads to another weakness.
Therefore, prospective cohort studies at multiple centres
need to be further conducted. More studies are needed to
examine the specific mechanisms of these phenomena.
Additionally, we mainly investigated peripheral lymphocyte
subsets instead of locally infiltrating lymphocytes in tumour
tissue, principally because peripheral lymphocyte subset
levels are easier to obtain. However, though the local
immune environment may be partially reflected by systemic
immune status, the relationship between locally infiltrating
lymphocytes and peripheral lymphocytes warrants further
corroboration. Moreover, important information such as
post-surgical complications, pre-existing diabetes or pan-
creatitis, and the baseline nutritional conditions of patients
were not included in our study, which may threaten the
validity of our results. Prospective studies in larger cohorts
with clear records of clinicopathological characteristics
should be performed to validate our findings.

Conclusion

In conclusion, our study revealed that the distant metastasis
of panNET patients is associated with lower numbers of
peripheral total T cells and CD4+ T cells. A low baseline
absolute count of peripheral B cells and a high baseline
absolute count of peripheral NK cells are associated with
a shorter PFS in panNET patients. These results indicated the
prognostic significance of peripheral B cells and NK cells for
the progression of panNETs, making B cells and NK cells
promising clinical parameters for predicting the prognosis of
panNET patients and potential targets for panNET treatment.
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