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Distinctive grade based on Ki67 index
and immune microenvironment

of metastatic pancreatic neuroendocrine
tumors responding to capecitabine plus
temozolomide
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Abstract

Background Ki67 index changes during the treatment of metastatic pancreatic neuroendocrine tumor (PanNET)
treatment. The study aimed to detect alterations of grade based on Ki67 index and immune microenvironment in
PanNET responding to capecitabine/temozolomide (CapTem).

Method Retrospective data of patients with PanNET were collected. In control group, 35 patients underwent
surgery immediately after biopsy. In CapTem group, 38 patients received CapTem after biopsy and responded
well to treatment (defined as either stable disease or partial response), and subsequently underwent

surgery. All patients have pathological Ki67 index at biopsy and after surgery. CD163 +CD68+CD206 4+ M2
macrophages, CD68+CD86+ CD80+ M1 macrophages, CD11b+CD33 + myeloid-derived suppressor cells, and
CD4+CD25 +regulatory T cells were stained using multiplex immunofluorescence.

Results In control group, the paired grade based on Ki67 index directly after surgery showed no upgrade or
downgrade compared to biopsy. In patients who responded well to CapTem, the grade based on Ki67 index before
and after CapTem was altered. Thirteen patients had upgraded Ki67 index and 11 patients had downgraded. The
proportion of stable disease was higher in the upgraded group compared to downgraded group (p=0.0155). And
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upgraded group had a significantly shorter mPFS than patients in the downgrade group (8.5 months vs. 20 months,
HR 4.834,95% Cl 1414 to 16.53, p=0.012). M1 macrophages was significantly lower in the downgraded group than in

the Ki67 upgraded group (p <0.001).

Conclusion Grade based on Ki67 index and immune environment change in PanNET patients responding well to
CapTem. Patients with downgraded had longer mPFS compared to those with upgraded. It is necessary to reassess
the Ki67 index after CapTem treatment, even in patients responding well to CapTem.

Keywords Pancreatic neuroendocrine tumor, Ki67 index, Capecitabine/temozolomide, Upgrading, Tumor

microenvironment

Introduction

Pancreatic neuroendocrine neoplasms (PanNENSs) rep-
resent a rare and heterogeneous entity, accounting for
3-5% of all pancreatic neoplasms, including well-differ-
entiated pancreatic neuroendocrine tumors (PanNETs)
and poor-differentiated pancreatic neuroendocrine carci-
nomas [1]. Ki67 index serves as a crucial marker for both
the diagnosis and prognosis of PanNENs [2—4]. Accord-
ing to the Ki67 index and mitosis, well-differentiated
PanNETs have been subdivided into three groups (G1,
G2 and G3) [5], with 5-year survival rates of 75%, 62%,
and 7%, respectively [1].

Grade based on Ki67 index exhibits variability, not only
among different stages of PanNETs, but also between
the primary site and metastatic sites, showing a statisti-
cally significant increase in Ki67 index, which lead to
upgraded, in metastases sites compared to the primary
lesion [6, 7]. Additionally, the effectiveness of systemic
therapies influences the grade based on Ki67 index. The
standard treatment for metastatic PanNETs includes
various systemic therapies to effectively address dis-
ease progression, such as Somatostatin analogues (SSA),
sunitinib, and capecitabine/temozolomide (CapTem)
[8-11]. Studies have noted that a majority of cases expe-
rienced an increase in Ki67 index leading to an upgrade
to a higher WHO grade as the disease progressed [12,
13]. Moreover, upgrading by increasing Ki67 index dur-
ing disease progression predicts an unfavorable outcome
[14]. Therefore, clinicians primarily concentrate on moni-
toring Ki67 alterations during disease progression. Nev-
ertheless, data regarding the variability in Ki67 index and
its prognostic implications in case of successful treat-
ment for PanNET cases is still scanty.

We present a cohort of patients with metastatic Pan-
NETs who exhibited a positive response to chemotherapy
(defined as stable disease or partial response to CapTem)
followed by surgical intervention. We conducted an
anlysis of the changes in grade based on Ki67 index and
the immune microenvironment pre- and post-CapTem
treatment.

Methods and materials

Patients’ selection and exclusion criteria

Retrospective real-world data of PanNET cases treated
between September 2003 and January 2023 at the Fudan
university Shanghai Cancer Center (FUSCC) were col-
lected. GHL and ZWH conducted a blind calculation
of Ki67 index from original slides. The selection criteria
included: (1) Histologically confirmed well-differentiated
NETs; (2) Primary tumor located in the pancreas; (3)
Presence of liver metastasis; (4) Non-functional tumors;
(5) CapTem treatment with stable disease or partial
response assessed by RECIST 1.1; (6) Direct surgery or
post-CapTem surgery; (7) Availability of pathological
ki67 index staining pre- and post-treatment; (8) Con-
sistent 18 F-FDG uptake between the primary site and
corresponding liver metastasis. The exclusion criteria
comprised: (1) Pathological report indicating mixed neu-
roendocrine non-neuroendocrine neoplasm; (2) Presence
of genetic syndromes, such as multiple endocrine neo-
plasia (MEN) or von Hippel-Lindau syndrome (VHL); (3)
Inadequate tissue lacking a precise Ki67 index; (4) Previ-
ous receipt of multiple systemic therapies pre-surgery or
treatment like radiofrequency ablation or transcatheter
arterial embolization.

Patients characteristics Collection

A total of 73 PanNET patients were included in the study.
Patient characteristics, including demographics (age
and sex), pathological reports (T stage, N stage, MGMT
IHC situation, tumor grade, and Ki67 index at each
time point), and treatment details (treatment duration,
response assessment, surgery), were collected. Tumor
staging was based on the 2010 European Neuroendo-
crine Tumor Society (ENETS) TNM staging system for
PanNET patients [15]. Tumor grading and differentiation
adhered to the 2019 WHO classification [5]. Downgrad-
ing defined as change in the Ki67 index led to downgrad-
ing from NET G2 to G1, or G3 to G2/G1; and upgrading
defined as change in the Ki67 index led to upgrading
from NET G1 to G2/3, or G2 to G3. Patients were fol-
lowed up through outpatient visits until August 2023.
For patients who underwent surgery following successful
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chemotherapy, the duration of treatment before surgery
was recorded.

Patients underwent follow-up at 3-6-month intervals
using enhanced computed tomography or magnetic reso-
nance imaging. Tumor response to systemic therapy was
defined as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD) accord-
ing to the Response Evaluation Criteria for Solid Tumors
(RECIST), version 1.1 [16]. The Multi-Disciplinary Treat-
ment group evaluated the tumor response to therapies
and decided the possibility of resection. Progression-free
survival (PES) defined as the time between post-surgery
and the disease progression.

Multispectral fluorescent IHC

Formalin-fixed paraffin-embedded (FFPE) slides from
specimens were subjected to multispectral immunohisto-
chemical (mIHC) staining using the Opal color kit (Perki-
nElmer, Hopkinton, Massachusetts, USA) according

Biopsy-CAPTEM-surgery
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to the manufacturer’s instructions. Primary antibod-
ies included the following markers: CD68 (GB113150,
1:1000, Servicebio, Wuhan, China), CD80 (305202,
1:3000, BioLegend, San Diego, USA), CD86 (ab269587,
1:100, Abcam, Cambridge, UK), CD163 (16646-1-AP,
1:200, Proteintech, Wuhan, China), CD206 (CST-91992 S,
1:200, Cell Signaling, Danvers, USA), CD11b (21851-1-
AP, 1:500, Proteintech, Wuhan, China), CD33 (17425-
1-AP, 1:25, Proteintech, Wuhan, China), CD4 (A19018,
1:100, Abclonal, Wuhan, China), and CD25 (ABB109,
1:200, Abbrab, Shanghai, China). The definition of stain-
ing cell types within the adaptive immune system, includ-
ing the M1l-like phenotype (CD68+CD80+CD86+),
M2-like phenotype (CD68+CD163+CD206+), myeloid-
derived suppressor cells (MDSC, CD11b+CD33+), and
Treg (CD4+CD254). Cell nuclei were stained with DAPI.
Primary antibodies were sequentially applied, followed by
horseradish peroxidase-conjugated secondary antibody
incubation (1:1, DS9800, Leica Biosystems, Shanghai,
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Fig. 1 Flow diagram for study
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China; 1:1 Cat# A10011-6/A10012-6, WiSee Biotechnol-
ogy, Beijing, China), and tyramide signal amplification
(M-D110051, WiSee Biotechnology, Beijing, China). The
slides were microwave heat-treated after each TSA oper-
ation. The stained slides were scanned to obtain multi-
spectral images using the PerkinElmer Vectra automated
multispectral microscope at 100X magnification and ana-
lyzed using PerkinElmer inForm Analysis Software.

Statistical analyses

The correlation between the clinicopathological and ther-
apeutic parameters specified by the classification system
was analyzed. Qualitative variables were analyzed using
the x° test or Fisher’s exact test. Quantitative variables
were analyzed either by analysis of variance (ANOVA)
or the non-parametric Kruskal-Wallis test, depending on
whether the results followed a normal distribution or not.
Kaplan-Meier curves depicting the time to progressive
disease were computed using the log-rank test to verify
the significance of differences between survival curves.
Univariate and multivariate Cox proportional models
were used to investigate the effects of several prognostic
factors on the risk of recurrence. Hazard ratios (HRs) and
confidence intervals (CIs) were also estimated using the
Cox model. Statistically significant factors (P<0.05) iden-
tified by univariate analysis were included in the multi-
variate analysis. Statistical tests were performed using

Table 1 Patients characteristic
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Prism 8, version 8.4.0 (455). Statistical significance was
set at p<0.05, and all tests were two-sided.

Results

Patients characteristic

Treatment strategies and the screening process are
shown in Fig. 1. Finally, 73 patients with well-differen-
tiated non-functional liver metastatic PanNETs were
included. Table 1 summarizes the clinicopathological
features of the patients. Thirty-eight patients received
CapTem and responded well to the treatment, which was
defined as either stable disease or partial response, then
underwent surgery. Thirty-five patients underwent sur-
gery immediately after the biopsy. There were no differ-
ences in baseline characteristics, such as age, sex, grade,
T stage, and N stage.

Ki67 alteration between biopsy and surgery

First, grade based on Ki67 alterations between the biopsy
and surgery were detected. Thirty-five patients received
resection of the primary site and liver metastasis directly
after liver biopsy. The median time from biopsy to sur-
gery was one month. Compared to Ki67 index by biopsy,
the paired grade based on Ki67 index after surgery kept
consistency with no upgrade or downgrade (p=0.103,
Fig. 2A, C).

CapTem - Surgery Surgery Pvalue
(38 patients) (35 patients)
Age median (range) 52(29-68) 48(18-73) 0.837
Gender
Female 18 (47.4%) 17 (48.6%) 0.891
Male 20 (52.6%) 18 (51.4%)
Location
Head/Neck 10 (26.3%) 11 (31.4%) 0.823
Body/Tail 28 (73.7%) 24 (68.6%)
T stage
T1 5(13.2%) 4(11.5%) 0.895
T2 14 (36.8%) 15 (42.8%)
T3 13 (34.2%) 13 (37.1%)
T4 6 (15.8%) 3(8.6%)
N stage
NO 16 (42.1%) 12 (34.3%) 0.655
N1 22 (57.9%) 23 (65.7%)
Ki67 before treatment
G1 6 (15.8%) 9 (25.7%) 0.602
G2 25 (65.8%) 23 (65.7%)
G3 7 (18.4%) 3(8.6%)
Ki67 after surgery
G1 7 (18.4%) 9 (25.7%) 0.829
G2 24 (63.2%) 23 (65.7%)
G3 7 (18.4%) 3(8.6%)

CapTem: capecitabine combined with temozolomide; SSA: Somatostatin analogues;
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Fig. 2 Paired Ki67 index by biopsy and surgery

(A, C) Ki67 index alteration in biopsy-surgery group (A) paired Ki67 index for each patient, (C) median Ki67 index. (B, D) Ki67 index alteration in biopsy-
CapTem-surgery group (B) paired Ki67 index for each patient, (D) median Ki67 index

Thirty-eight patients with PanNETs received CapTem to G2, or G2 to G3). While changes in the Ki67 index led
chemotherapy after undergoing biopsy. The median to downgrading in 11 patients (from G3 to G2/G1, or G2
duration of CapTem treatment was 9 cycles (range: 3 to  to G1). The remaining 14 patients showed no changes in
20 cycles). The paired grade based on Ki67 index of the grade.
biopsy (before CapTem) and surgery (after CapTem) were
changed (p=0.0012, Fig. 2B, D). After Ki67 index evalua-
tion, 13 patients were re-classified as upgraded (from G1
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Ki67 index alteration after chemotherapy associated with
PanNET prognosis

In the CapTem treatment group, fourteen patients had PR
and 24 patients had SD. In the upgraded group, the pro-
portions of patients with PR and SD were 15.4% (2/13)
and 84.6% (11/13), respectively. While in the downgraded
group, PR and SD were72.7% (8/11) and 27.3% (3/11),
respectively. The proportion of SD was higher in the
upgraded group (p=0.0155, Fig. 3A). The median pro-
gression-free survival (mPFS) after surgery showed that
patients in the upgraded group had a significantly shorter
mPFS compared to patients in the downgrade group (8.5
months vs. 20 months, HR 4.834, 95% CI 1.414 to 16.53,
p=0.012, Fig. 3B). Low expression of MGMT showed no
difference between the upgraded or downgraded group.

The immune environment changes after CapTem
treatment

Given the influence of TMZ on the tumor immune
environment, we conducted a detailed analysis of
immune environment changes in the upgraded and
downgraded groups following CapTem treatment.
Immunohistochemistry  staining was  performed
on M2 cells (CD163+CD68+CD206+), M1 cells
(CD68+CD86+CD80+), MDSCs (CD11b+CD33+) and
Treg (CD4+CD25+) using multispectral fluorescent
IHC (Fig. 4). The results showed a significantly higher
number of peritumoral infiltrating immune cells com-
pared to intratumoral counterparts (p<0.001 for each).
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Compared to the upgraded group, the average number of
M1 cells was markedly reduced in the downgraded group
(3.569+3.15 vs. 0.131+7.67, p<0.001). However, there
were no discernible differences in M2 cells, MDSCs, and
Treg between the two groups (Fig. 5A-D). Comparison
of paired primary and liver metastatic sites revealed a
higher presence of Treg and M2 cells in the liver meta-
static site than in the primary site, with no significant dis-
parity in MDSCs and M1 cells (Fig. 5E-H).

Five patients had paired tissue samples taken before
and after CapTem treatment, with four in the down-
graded group and one in upgraded group. MDSCs and
M2 cells was higher after CapTem treatment compared
to the paired tissue before CapTem, while Treg and M1
cells remained consistently low before and after CapTem
treatment (Fig. 5I-L).

Discussion

Heterogeneity of grade based on Ki67 index in PanNETs
is previously mainly focused on the group of patients
with disease progression [8, 10]. However, there is a gap
in research regarding Ki67 index alterations in patients
who respond well to chemotherapy. Our study showed
that grading change based on Ki67 index after CapTem
treatment in responsive patients significantly associated
with both survival outcomes and the tumor immune
microenvironment. Notably, patients with downgrading
exhibited a longer mPFS compared to those with upgrad-
ing. It is crucial to closely monitor changes following
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Fig. 3 ORR and mPFS in Ki67 upgraded and Ki67 downgraded group after CapTem treatment
(A) PR and SD rate in Ki67 upgraded group (13 patients) and Ki67 downgraded group (11 patients). (A, B) mPFS in Ki67 upgraded and Ki67 downgraded

group

ORR: objective response rate; mPFS: median progression-free survival; PR: partial response; SD: stable disease
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(R) CD163+CD68+CD206+; (B) CD68 +CD86 +CD80+, (C) CD11b+CD33+, (D) CD4+CD25+

IHC: immunohistochemical

CapTem treatment, particularly in patients showing posi-
tive responses.

The potential bias in Ki67 index heterogeneity may
raise concerns among researchers. Our study was
designed proactively to address this issue. To mitigate
bias, we specifically included patients without heteroge-
neity in 18 F-FDG uptake at metastatic sites, considering
the variability of Ki67 index between primary and meta-
static sites. 18 F-FDG uptake could reflect the pathologi-
cal grade of PanNET lesions, enabling the assessment of
tumor biological aggressiveness and guiding the selection
of the most relevant lesions for biopsy [17]. No significant
differences in 68Ga-DOTANOC SUVmax were observed
with changes in the Ki67 index [18]. Another source of
Ki67 heterogeneity arises from differences in biopsy and
surgery approaches. Grade of PanNETs by liver biopsy
and fine needle aspiration (FNA) is acceptable [19]. The
intra-class correlation of Ki67 index between pre-surgi-
cal biopsies and surgical specimens was 0.99, and Ki67
classes were accurately identified in 97% of the biopsies
[20]. In our study, we established biopsy-surgery group as
control, revealing consistent grade based on Ki67 index
values within this group.

In biopsy-CapTem-surgery group, however, grade
based on Ki67 index after CapTem treatment exhib-
ited variability, with some cases upgraded while oth-
ers downgraded. Chemotherapy influenced Ki67 index.
Cases series reported an increase in 68Ga-DOTATATE
PET-CT avidity after treatment with CapTem [21].

Temozolomide (TMZ) reduced 18 F-FFT-PET uptake
significantly, accompanied by a significant decrease in
tumor volume in glioma [22]. Our results showed that in
patients respond well to CapTem, grade alteration based
on Ki67 index associated with prognosis of PanNET
patients, with those experiencing upgraded showing a
shorter mPFS compared to those with downgraded.
Subsequently, we conducted an in-depth analysis of the
immune microenvironment in PanNET patients respons-
ing well to CapTem treatment, focusing on changes in
macrophages (M1 and M2 phenotypes), Treg and MDSC
post-treatment. Reports showed that 32-65% of Pan-
NETs had high T-cell infiltrates in intratumoral area, with
50-70% showing high levels of T memory and cytotoxic
T-cells infiltration in extratumoral compartment [23].
Chemotherapy plays a pivotal role in shaping the tumor
immune environment, as evidenced by studies dem-
onstrating that TMZ leads to a reduction in CD4+and
CD8+T cells, an increase in Treg and MDSCs [24, 25],
and the potential loss of mismatch repair (MMR) gene
function, potentially sensitizing tumors to immune
checkpoint inhibitor [26, 27]. Low-dose TMZ before
dendritic cell vaccination reduces Foxp3+Treg cells in
advanced melanoma patients [28]. Macrophages infiltra-
tion in PanNETs might correlate with tumor progression
and metastatic behavior [29]. Macrophages infiltration in
the tumor tissue can be used as a biomarker for chemo-
therapy, as increased infiltration of macrophages reduced
chemotherapy efficacy in colorectal cancer [30]. In our
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(A-D) Comparing M2, M1, MDSC, and Treg cells in Ki67 upgraded group and Ki67 downgraded group, respectively. (E-H) Comparing M2, M1, MDSC, and
Treg cells in paired primary site and liver metastatic sites after CapTem treatment, respectively. (I-L) Comparing M2, M1, MDSC, and Treg cells in paired
tissues before and after CapTem treatment. *** p <0.001, **p<0.01
M2: macrophage M2-like; M1: macrophage M1-like; MDSC: myeloid-derived suppressor cells
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study, we found that the number of M1-like cells dif-
fered in different Ki67 index group, with a lower count
in the downgraded group compared to the upgraded
group. There were no differences in M2, Treg, and MDSC
counts between the upgraded and downgraded groups.
Further investigations are necessary to assess the effects
of M1 cells following CapTem treatment.

Our study has several limits indeed. Firstly, the retro-
spective nature of the current series inherently limits its
scope. Every patient in our clinical management group
received standard treatment and follow-up examina-
tions strictly, these measures can cover the limits to
some extent. Secondly, affected by the technique, we
did not have enough paired biopsy tissue by FNA for
multispectral fluorescent IHC. The paired IHC before
and after CapTem were insufficient for robust statisti-
cal analysis. Since we only had five paired tissues before
and after CapTem treatment, we were unable to analyze
the relationship between Ki67 alteration and changes
in the immune environment during CapTem treatment.
The third limitation is that post-CapTem progression
treatment was not tracked, warranting further explora-
tion of the relationship between immune cells alteration
and immunotherapy. Further prospective studies will be
designed to acquire paired tissues before and after che-
motherapy to comprehensively analyze the immune
environment.

In conclusion, grade alteration based on Ki67 index
were observed in PanNET patients who responded well
to CapTem, with both upgrades and downgrades noted.
Patients with downgraded have a longer mPFS compared
to those with upgraded. Additionally, the upgraded group
showed a higher presence of M1-like macrophages com-
pared to the downgraded group. Clinicians should pay
attention to changes in Ki67 index following CapTem
treatment, particularly in patients who responding well
to CapTem.
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PFS Progression-free survival

PR Partial response

RECIST Response Evaluation Criteria for Solid Tumors
SD Stable disease

Page 9 of 10

SSA Somatostatin analogues
Treg Regulatory T cells
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