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Abstract

BACKGROUND

Pancreatic neuroendocrine tumors (PanNETs) are heterogeneous and indolent;
systemic therapy is not essential for every patient with metastatic PanNET. The
National Comprehensive Cancer Network guidelines state that delaying
treatment is an option for PanNET with distant metastasis, if the patient has stable
disease. However, specific factors that influence surveillance were not mentioned.
In addition, data regarding the period of active surveillance in patients with
metastatic PanNET are lacking.

AIM
To specifically determine factors influencing active surveillance in patients with
liver metastatic nonfunctioning PanNETs (NF-PanNETs).

METHODS

Seventy-six patients with liver metastatic NF-PanNETs who received active
surveillance from a high-volume institution were enrolled. Time to disease
progression (TTP) and time to initiation of systemic therapy were determined.

RESULTS
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Thirty-one (40.8%) patients had recurrent liver disease after RO resection; 45
(59.2%) were diagnosed with liver metastasis. The median follow-up period was
42 mo and 90.7% patients were observed to have disease progression. The median
TTP (mTTP) was 10 mo. Multivariate analysis showed that the largest axis of the
liver metastasis > 5 mm (P = 0.04), non-resection of the primary tumor (P = 0.024),
and T3-4 stage (P = 0.028) were associated with a shorter TTP. The mTTP in
patients with no risk factors was 24 mo, which was significantly longer than that
in patients with one (10 mo) or more (6 mo) risk factors (P < 0.001). A nomogram
with three risk factors showed reasonable calibration, with a C-index of 0.603
(95% confidence interval: 0.47-0.74).

CONCLUSION

Active surveillance may only be safe for metastatic NF-PanNET patients with
favorable risk factors, and other patients progressed rapidly without treatment.
Further studies with a larger sample size and a control group are needed.

Key words: Pancreatic neuroendocrine tumor; Liver metastasis; Active surveillance;
Prognosis; Nomogram

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Experience in active surveillance of metastatic pancreatic neuroendocrine tumors
(PanNETs) is insufficient in clinical practice. This study includes the experience of active
surveillance in 76 patients with liver metastatic nonfunctioning PanNETs (NF-PanNETs)
over 20 years. We demonstrated that largest axis of the liver metastasis > 5 mm, non-
resection of the primary tumor and T3-4 stage are poor prognostic factors and affect the
survival of PanNET patients with liver metastasis. Patients with favorable factors had a
time to progressive disease of more than two years without systemic treatment. This subset
of PanNET patients with liver metastasis should undergo active surveillance.

Citation: Gao HL, Wang WQ, Xu HX, Wu CT, Li H, Ni QX, Yu XJ, Liu L. Active surveillance
in metastatic pancreatic neuroendocrine tumors: A 20-year single-institutional experience.
World J Clin Cases 2020; 8(17): 3751-3762

URL: https://www.wjgnet.com/2307-8960/full/v8/i17/3751 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.i17.3751

INTRODUCTION

Pancreatic neuroendocrine tumors (PanNETs), which account for 31.5% of total
gastroenteropancreatic NETSs, are the most common form of pancreatic tumors in
Chinal"l. About one-fourth of PanNET patients have metastasis at diagnosis'”, and the
liver is the most common metastatic site. The prognosis of patients with metastatic
PanNETs is heterogeneous and varies widely, from 10 mo to more than 10 years.
Multiple lines of systemic treatment are considered the standard of care in metastatic
nonfunctioning PanNETs (NF-PanNETs), namely, somatostatin analogs,
chemotherapy!, sunitinib, and everolimus!’. However, systemic therapy may not be
essential for every patient with metastatic PanNET. To avoid over-treating indolent
asymptomatic tumors, the National Comprehensive Cancer Network guidelines for
PanNETs state that, for locoregional advanced disease and/or distant metastasis,
tumor marker analysis and screening every 3-12 mo is an option if the patient is
asymptomatic, has low tumor burden, and has stable diseasel”. However, specific
factors that influenced surveillance were not mentioned. In addition, data regarding
the period of active surveillance in patients with metastatic PanNET are lacking.

The benefits of active surveillance have been well established in randomized clinical
trials of other metastatic malignancies, such as metastatic renal cell carcinoma (RCC),
melanomal”, and metastatic prostate cancer”'’l. In this study, we retrospectively
reviewed the clinicopathological data of patients with liver metastatic NF-PanNETs
who received active surveillance in our institution over the past 20 years. Additionally,
we established a nomogram to predict the suitable characteristics for active
surveillance in liver metastatic NF-PanNET patients.
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MATERIALS AND METHODS

Patient selection

A retrospective review of the NF-PanNET databases of the Pancreatic Oncology
Department, Fudan University Shanghai Cancer Center (FUSCC) was performed. 396
PanNET patients with metastasis were evaluated. All patients had histologically
confirmed PanNET between 1998 and 2018. Pathology records of all included patients
were reviewed by the Pathology Department at the FUSCC. All patients had
asymptomatic NF-PanNET with liver metastasis, and patients without treatment were
selected. We did not specify any laboratory parameters or comorbidities for eligibility.
This research was approved by the hospital ethics committee, and written consent was
provided for patient information to be used for research purposes. The study was
approved by the FUSCC ethical committee.

Tumor characteristics

Data were retrieved from patient medical records and included patient demographics
(age and sex), pathology reports (T stage, N stage, tumor grade, Ki-67 index, and
differentiation), and radiographical documentation [computed tomography (CT),
magnetic resonance imaging (MRI), and somatostatin receptor scintigraphy (SRS)].
The tumor burden of liver metastasis was measured using the AW VolumeShare 5
system, and the axis of the liver metastasis was measured using MRI screening. Tumor
grading was in accordance with the 2017 World Health Organization classification!".
Tumor TNM staging was based on the 2006 ENETS TNM staging system for patients
with PanNETs['?.

Follow-up and survival

Follow-up was performed via outpatient visit or telephone in October 2018. Patients
received an enhanced MRI or CT scan every three months. Study investigators
assessed progression according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 The active surveillance time in the study was defined as the
time from the start of surveillance to the initiation of systemic therapy or withdrawal
of consent. The time to progression (TTP) during surveillance was defined as the
interval between the start of surveillance and disease progression as evaluated by
RECIST 1.1. Overall survival (OS) was defined as the time of diagnosis to death from
any cause or the date of the last follow-up (censor date). The median follow-up time
was calculated based on censored observations.

Statistical analysis

Categorical variables are presented as frequencies and proportions. Categorical data
were compared by means of the Chi Square-test. Median OS and TTP were calculated
using Kaplan-Meier curves, with subgroups being compared using the log-rank test.
Cox proportional hazard models were performed to identify independent predictors
of TTP. Univariate analysis was performed for age, sex, resection of primary tumor, T
stage, N stage, the largest axis of the liver metastasis, tumor burden of the liver
metastasis. Subsequently, all variables with a P value < 0.10 were selected for
multivariable analysis. Subanalysis was performed to identify predictors of TTP for
the different histopathologic subtypes. A P value < 0.05 was considered statistically
significant. Data were analyzed using SPSS 24.0 software (SPSS, Chicago, IL, USA).
The nomogram and C-index were calculated using R (version 2.12.2; http:/ /r-
project.org).

RESULTS

Patient characteristics

The study included 76 patients who received active surveillance during the follow-up
period. The decision to choose active surveillance in 66 patients was made jointly by
the multidisciplinary team, while 10 out 76 patients choose active surveillance because
they refused medical treatment due to the financial burden. Patients were initially
diagnosed between August 1998 and February 2018. Demographic and baseline
characteristics of the 76 included patients are listed in Table 1. Less than half of the
patients (40.8%) were diagnosed as stage I-III at the time of surgery, and had recurrent
disease during follow-up. In addition, 59.2% of patients were diagnosed with stage IV
disease. The median disease-free survival was 31 mo (range: 6-132 mo). Over half of
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Table 1 Clinicopathological characteristics of patients with liver metastatic pancreatic neuroendocrine tumors, n (%)

Number
Age (range, yr) 51 (18-69)
Gender
Male 41 (53.9)
Female 35 (46.1)
T stage
T1 5 (6.5)
T2 24 (31.2)
T3 25 (32.9)
T4 11 (14.4)
N stage
NO 36 (47.4)
N1 40 (52.6)
M stage at diagnosis
MO 31 (40.8)
M1 45 (59.2)
Grade of primary tumor
Gl 13 (17.1)
G2 63 (82.9)
Grade of liver metastasis tumor
Gl 12 (19.4)
G2 50 (80.6)
Surgery
Resection of primary tumor 51 (67.1)
Non-resection of primary tumor 25 (32.9)
Local treatment of liver metastasis
Yes (resection, TACE, ablation) 33 (43.4)
No local treatment 43 (56.6)
Max diameter of liver metastasis
<5mm 27 (35.5)
>5mm 49 (64.5)
Mean tumor burden of liver metastasis (range) 0.5% (0.03%-80%)

TACE: Transarterial chemoembolization.

the patients (59.2%) had liver metastasis at the time of diagnosis. All patients had
pathological confirmation of liver metastasis by biopsy. All patients had an Eastern
Cooperative Oncology Group performance status of 0 to 2 when active surveillance
was initiated.

Outcomes of NF-PanNET patients under surveillance

Patients were followed up for a median 42 mo (range: 8-240 mo). The median active
surveillance time was 14 mo [95% confidence interval (CI): 11.13-16.87]. Sixty-nine
(90.7%) patients met the criteria for RECIST-defined progressive disease (PD) at some
point in the study, and the median TTP (mTTP) during surveillance was 10 mo
(95%ClI: 7.23-12.76). Of the 76 patients, 66 started systemic therapy during the follow-
up period. However, 10 patients with PD refused treatment due to personal or
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financial problems, and 4 of these patients died as a result of disease progression. The
median OS for the 10 untreated patients was not reached (range: 10-113 mo). The
median OS for the whole cohort was also not reached.

Univariate and multivariate analysis of TTP risk factors

Univariate analysis of baseline prognostic factors revealed that the following risk
factors were significantly associated with TTP during surveillance (Figure 1): Resection
of the primary tumor (resected vs non-resected: 10 mo vs 6 mo, P = 0.002), and T stage
(T1-2 vs T3-4: 12 mo vs 6 mo, P = 0.038). Patients with the largest axis of the liver
metastasis <5 mm had longer mTTP than patients with liver metastasis > 5 mm (18 mo
vs 7 mo, P = 0.002), also those with a tumor burden of the liver metastasis < 0.5% had
longer mTTP than patients with a tumor burden > 0.5% (15 mo vs 7 mo, P = 0.037).
When examining the Ki-67 index of the liver metastases, patients with G1 had a longer
TTP than those with G2, but the result was not statistically significant (12 mo vs 10 mo,
P =0.165). In the subgroup with liver metastasis, debulking resection of the primary
tumor was also significantly correlated with a longer TTP (15 mo vs 6 mo, P = 0.007),
whereas debulking resection (transarterial embolization or ablation) of the liver
metastasis showed no relationship with TTP (P > 0.05). The axis of liver metastasis was
measured by MRI screening (Figure 2).

In the multivariate analysis, only the largest axis of the liver metastasis [hazard ratio
(HR): 2.11, 95%CI: 1.0-4.44; P = 0.049], resection of the primary tumor (HR: 2.11,
95%CI: 1.01-4.39; P = 0.045), and T stage (HR: 2.53, 95%CI: 1.3-4.93; P = 0.006) were
independent prognostic factors (Tables 2 and 3).

Nomogram for TTP risk in metastatic PanNETs

On the basis of the multivariate analysis, we used a recursive partitioning algorithm to
separate patients based on the risk factors (largest axis of metastasis > 5 mm, T3-T4,
and non-resection of the primary tumor) into a favorable group consisting of patients
with no risk factors, an intermediate group consisting of patients with one risk factor,
and an unfavorable group consisting of patients with two or three risk factors. The
favorable group had an estimated mTTP of 25 mo, whereas the intermediate and
unfavorable groups had an estimated mTTP of 10 mo and 6 mo, respectively
(Figure 3). The difference was significant (HR: 2.545, 95%ClI: 1.65-3.92; P < 0.001).

A prognostic nomogram that combined all three independent predictors for TTP
during surveillance of metastatic PanNETs is shown in Figure 4. The C-index of the
nomogram for predicting TTP was 0.603 (95%Cl: 0.47-0.74). Moreover, the calibration
plot showed good calibration.

DISCUSSION

The findings from our study indicated that active surveillance was a viable strategy in
some patients with metastatic NF-PanNETs. The median surveillance period was more
than 12 mo, and the mTTP during surveillance was 10 mo. For patients with no risk
factors, the mTTP was more than 24 mo. Our multivariate analysis and nomogram also
showed that patients with fewer adverse prognostic features should be considered for
active surveillance.

Metastatic PanNET is a disease characterized by a varied natural history. Many
prognostic schemas have been developed, leading to a 5-year OS rate of more than
60%!1. Stage, grade, and functionality are all independent factors related to the
prognosis of PanNETs"*, and some gene mutations are also associated with
prognosis, such as MEN1, ATRX/DAXX"), and genes in the mTOR pathway!",
indicating the diverse underlying biology of metastatic NF-PanNETs.

To our knowledge, very little prospective evaluation has been carried out to study
surveillance in metastatic NF-PanNETs. However, active surveillance has been used in
cases of neuroendocrine neoplasms in other organs. Almost 50% of patients with
asymptomatic metastatic pheochromocytomas (PCs) and paragangliomas (PGLs) had
stable disease after a year of follow-up!’. It was concluded that selected PC/PGL
patients with slowly progressing tumors could safely use the wait-and-see strategy as
an option™. In cases of medullary thyroid carcinoma, patients with low disease
volume should be considered for a wait-and-see strategy; only those with a large
volume and PD are clear candidates for systemic therapy™l. Treatment strategies for
other indolent malignancies also take an active surveillance approach into account. A
prospective phase II trial of 52 patients with RCC showed that a subset of patients with
metastatic RCC can safely undergo surveillance before starting systemic therapy.
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Table 2 Univariate analysis of risk factors for time to progression in pancreatic neuroendocrine tumors

95% Confidence interval

Univariate analysis Hazard ratio Lower Upper
Largest axis of liver metastasis 2.718 1.375 5.372
Tumor burden of liver metastasis 2.262 1.064 4.81
Resection of primary tumor 2112 1.015 4.394
T stage 1.888 1.208 2.952

Table 3 Multivariate analysis of risk factors for time to progression in pancreatic neuroendocrine tumors

95% Confidence interval

Multivariate analysis B Standard error Wald Significant Exp(B) Lower Upper
Largest axis of liver metastasis 0.810 0.395 4.206 0.040 2.247 1.037 4.872
Grade 0.614 0.384 2.559 0.110 1.848 0.871 3.924
T stage 0.793 0.362 4.810 0.028 2211 1.088 4.492
Resection of primary tumor 0.888 0.394 5.076 0.024 2431 1.123 5.266
Age -0.284 0.364 0.608 0.436 0.753 0.369 1.536

JBaishideng®

Favorable factors include fewer International Metastatic Database Consortium adverse
risk factors and fewer organs affected by metastasis’. A retrospective series of 58
patients with metastatic RCC noted an initial observation period of 12.4 mo until
systemic therapy was started”’. For patients with follicular lymphoma with low tumor
burden, a study examining a watch-and-wait strategy indicated a median time to
starting therapy of 31.1 mo; 46% of patients did not need treatment at 3 years, and
there was no difference in OS compared to the treatment group.

A surveillance-based approach has been investigated in small NF-PanNETs™.
Surveillance of liver metastatic NF-PanNETs has not been fully evaluated. In the
CLARINET trial®™}, although 96% of patients had stable disease in the 3 to 6 mo before
randomization, mPFS and 24-mo PFS rate were significantly prolonged with
lanreotide in comparison with placebo. This result supports that starting SSA therapy
before tumor progression may prevent tumor growth. However, our retrospective
analysis restaged NF-PanNET patients with liver metastasis and found that, a subset
of favorable patients (less 10%) in our cohort, as defined by the largest axis of the liver
metastasis < 5 mm, T1-T2, and resection of the primary site, showed a TTP of more
than 2 years without systemic therapy. This subpopulation may be considered for
active surveillance in clinical management, if the patient’s situation allows.
Appropriate selection of patients and adequate monitoring are crucial for this
approach. In our study, more than 90% patients with risk factors had PD after 6-10 mo,
which made them unsuitable for active surveillance and systemic targeted therapy
should be started immediately. The exclusion and inclusion criteria in clinical trials
may also need to take these factors into account, as patients with favorable factors may
have stable disease without any treatment.

Our study has some limitations. First, it was a retrospective study. We did not have
another cohort on which to test the nomogram, and the C-index of the nomogram was
not very high. Second, patients in the study were not from a highly selected
population. Some patients refused systemic therapy due to financial problems.
Furthermore, we did not set a control group of patients with treatment. Nevertheless,
prospective assessment of this strategy in selected patients would provide guidance
for physicians on how to select appropriate patients for active surveillance.

In conclusion, our study showed that active surveillance might be an approach for
metastatic NF-PanNET patients with favorable risk factors, while other patients with
metastatic NF-PanNET progressed rapidly without treatment. Additional
investigations into the risks and benefits of surveillance are warranted.
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Figure 1 Determination of the clinicopathological factors predicting time to progression during surveillance of metastatic pancreatic
neuroendocrine tumors. A: Tumor burden of liver metastasis; B: Largest axis of the liver metastasis; C: T stage; D: M stage at diagnosis; E: Grade of liver
metastasis; F: Grade of the primary tumor; G: Resection/transcatheter arterial chemoembolization of the liver metastasis; H: Resection of the primary tumor; I:

Resection of the primary tumor in patients with stage IV disease. PanNET: Pancreatic neuroendocrine tumor; TACE: Transcatheter arterial chemoembolization; PD:
Progressive disease.
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image in 2017 August and 2018 October. B: Patient magnetic resonance imaging (MRI) scan image in 2017 April and 2018 March.
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metastatic pancreatic neuroendocrine tumors. PD: Progressive disease.
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Figure 4 Nomogram for predicting time to progression during surveillance of metastatic pancreatic neuroendocrine tumors based on
our proposed model. Largest axis of the liver metastasis, T stage, and resection of the primary tumor. PFS: Progression-free survival.

ARTICLE HIGHLIGHTS

Research background

Pancreatic neuroendocrine tumors (PanNETs) are heterogeneous and indolent; the
National Comprehensive Cancer Network (NCCN) guidelines state that delaying
treatment is an option for PanNET with distant metastasis, if the patient has stable
disease.

Research motivation

The NCCN did not mention specific factors that influenced surveillance. In addition,
data regarding the period of active surveillance in patients with metastatic PanNET
are lacking.

Research objectives
To describe the factors influencing active surveillance in patients with liver metastatic
nonfunctioning PanNETs (NF-PanNETs).

Research methods

Clinicopathological characteristics of patients with liver metastatic NF-PanNETs who
received active surveillance were collected, and the median time to disease
progression (TTP) was measured.

Research results

The median TTP (mTTP) was 10 mo in 76 patients with liver metastatic NF-PanNETs.
Multivariate analysis showed that the largest axis of the liver metastasis > 5 mm (P =
0.04), non-resection of the primary tumor (P = 0.024), and T3-T4 stage (P = 0.028) were
associated with a shorter TTP. The mTTP in patients with no risk factors was 24 mo,
which was significantly longer than that in patients with one (10 mo) or more (6 mo)
risk factors (P < 0.001). A nomogram with three risk factors showed reasonable
calibration, with a C-index of 0.603 (95%CI: 0.47-0.74).

Research conclusions

Patients with favorable factors had a time to progressive disease of more than two
years without systemic treatment; further studies with a larger sample size and a
control are required.

Research perspectives
Active surveillance may only be safe for metastatic NF-PanNET patients with
favorable risk factors, and other patients progressed rapidly without treatment.
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