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Introduction
Non-functional pancreatic neuroendocrine tumours (NF-pNETs)
are rare neoplasms, often detected incidentally. The prognosis
varies and is largely dependent on the Ki-67 proliferation index,
presence of a genetic syndrome, lymph node involvement, and
tumour size1–4. Resection of pancreatic lesions is associated with
significant morbidity, and may include long-term complications
such as new-onset diabetes and exocrine pancreatic insuffi-
ciency5,6. Clearly, the potential survival benefit obtained with
surgery needs to outweigh the morbidity associated with pancre-
atic surgery. This explains the current controversy regarding
small (2 cm or less) asymptomatic NF-pNETs, for which some ad-
vocate surgery and others suggest a conservative approach7–11.

Based on retrospective data, guidelines advise watchful waiting for
NF-pNETs of 2 cm or smaller, but provide no clear recommendation
on the required follow-up4,12. Therefore, the objective of this study
was to prospectively evaluate disease-related outcomes and quality of
life (QoL) after implementation of a nationwide, watchful-waiting pro-
gramme for NF-pNETs no larger than 2 cm. The study also study
sought to evaluate the feasibility of the proposed follow-up protocol,
as well as adherence to the protocol in participating centres.

Methods
This was an interim analysis of the multicentre prospective
PANDORA study of the Dutch Pancreatic Cancer Group. Full
details of the study design, methods employed, and statistical
analysis can be found in Appendix S1. All patients with sporadic,

asymptomatic NF-pNETs of 2 cm or smaller were included if they
met the eligibility criteria, in particular absence of nodal and/or
distant metastases. The trial was registered in the Netherlands
Trial Register (NL6510).

Patients were enrolled into a watchful-waiting protocol to moni-
tor tumour progression (Fig. 1). Surgical resection was recom-
mended if patients developed symptoms, tumour growth exceeding
0.5 cm/year, total tumour size greater 2 cm, pathological lymph
node enlargement, vascular involvement or infiltration into sur-
rounding organs, or pancreatic duct dilatation, or if the patient
expressed a strong preference for operation.

Results
Between 1 January 2017 and 29 February 2020, a total of 76
patients with a NF-pNET no larger than 2 cm were included.
Baseline characteristics are summarized in Table S1. During a me-
dian follow-up of 17 (i.q.r. 8–35) months, 68 participants (89 per
cent) had no signs of tumour progression. Eight patients (11 per
cent) showed tumour progression exceeding 0.5 cm/year, and
two also had a final tumour size of more than 2.0 cm. No other
tumours larger than 2.0 cm were noted, and 21 patients (28 per
cent) had tumours smaller than 1.0 cm. Characteristics of
patients with progression are shown in Table 1 and Table S1.

Overall, six patients (8 per cent) underwent surgery during fol-
low-up (Table S2). Two patients had surgery because of significant tu-
mour growth, detected after 3 and 10 months of follow-up. One
patient had tumour progression of 0.8 cm in 1 year (from 1.8 to 2.6
cm). Gallium-68 DOTATATE PET–CT showed two enlarged lymph
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nodes (aortocaval and para-aortal). During surgery, one unexpected
peritoneal deposit was identified and the patient underwent laparo-
scopic enucleation of the primary tumour with lymphadenectomy
and removal of the peritoneal lesion. The final histopathological di-
agnosis was a pNET of 2.0 cm, with a Ki-67 index of 5–10 per cent,
two positive lymph nodes and, indeed, peritoneal metastasis. Two
new lymph nodes were detected 11 months after surgery, for which
somatostatin analogue therapy was started.

The second patient showed tumour progression exceeding 0.5
cm (from 1.0 to 1.7 cm) within 3 months of follow-up and as a re-
sult underwent surgery. The final histopathological diagnosis
showed a pNET of 1.7 cm, R0 resection, with a Ki-67 index of less
than 3 per cent, and 0 of 17 positive lymph nodes. The patient is
currently asymptomatic at 11 months’ follow-up without signs of
disease progression.

Three patients had a pNET resected despite lacking an indica-
tion according to the study protocol. Of these, two underwent
spleen-resecting distal pancreatectomy, citing fear of disease pro-
gression as the predominant reason for requesting surgery. One
patient underwent laparoscopic spleen-resecting distal pancrea-
tectomy because the surgeon did not support the decision for
watchful waiting and advocated tumour resection. All three
patients had a pNET on final histopathology.

A fourth patient had a pNET enucleated owing to uncertainty
regarding the pNET diagnosis on delayed (contrast-enhanced) en-
doscopic ultrasonography (EUS) at 8 months’ follow-up. The final
histopathological report showed an intravascular pyogenic gran-
uloma, but no pNET.

In total, four patients died, all from non-pNET-related causes.
Although the study protocol recommended confirmation of

the diagnosis to by at least 2 different imaging modalities, only
one type of imaging was used at the time of diagnosis in 19
patients (25 per cent). Thirty-two patients (42 per cent) had two,
and 25 (33 per cent) had three or more imaging modalities to con-
firm the diagnosis. Only 17 patients (22 per cent) underwent EUS
at the suggested 3-month time point. Instead, patients opted for
CT (31, 41 per cent), MRI (16, 21 per cent), or no imaging at all (12,
16 per cent). At 6 and 12 months, 21 (28 per cent) and 11 (15 per
cent) patients did not undergo any imaging.

QoL scores on the European Organisation for Research and
Treatment of Cancer QLQ-C30 questionnaire were statistically
significantly worse at baseline for the study population compared
with the mean of the reference population regarding emotional
functioning (83.9 versus 89.0; P¼ 0.042), nausea and vomiting (6.9
versus 2.7; P¼ 0.037), dyspnoea (18.8 versus 7.1; P¼ 0.004), and in-
somnia (22.9 versus 14.0; P¼ 0.046) (Fig. S1).

Discussion
This multicentre prospective cohort study, which evaluated
watchful waiting for NF-pNETs no larger than 2 cm, found that
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Fig. 1 Follow-up protocol for watchful waiting of patients with a non-
functional pancreatic neuroendocrine tumour of 2 cm or smaller
included in the PANDORA study

EUS, endoscopic ultrasonography.

Table 1 Follow-up of patients with progressive non-functional
pancreatic neuroendocrine tumours

No. of patients*
(n 5 8)

Clinical characteristics
Tumour size at last follow-up (cm)† 1.2 (0.7)
Time to progression (months)‡ 17 (13–30)
Duration of follow-up (months)‡ 24 (9–61)
Developed symptoms 0
Developed metastases

None 7
Lymph node þ peritoneal 1

Surgical resection
Type of surgery

Spleen-preserving distal pancreatectomy 1
Enucleation 1

Surgical approach
Open 1
Laparoscopic 0

Clavien–Dindo � grade III complications 1
Postoperative histopathology
Positive lymph nodes 1
Ki-67 index (%)
< 3 1
3–20 1
> 20 0

*Unless indicated otherwise; values are †s.d. and ‡median (i.q.r.).
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short-term follow-up is both safe and feasible. A small proportion

of patients showed tumour progression. Application of a watch-

ful-waiting protocol successfully prevented surgery in over 9 of

10 patients. Furthermore, heterogeneity in pNET management,

despite use of a study protocol, was observed in this study, along

with poor QoL at the time of diagnosis.
The present finding of slow tumour progression supports previ-

ous studies9,11,13–17 of NF-pNETs of 2 cm or smaller, which advised

wait-and-see in certain patients. In contrast, other authors18 have

recommended upfront surgery for all pNETs, as even small lesions

may have malignant characteristics that could impair survival.

Importantly, patients with malignant tumour features were ex-

cluded from the present study, and, even when significant tumour

growth occurred, six of eight patients with tumour progression re-

fused surgery and opted to continue watchful waiting. Collectively,

these results indicate that, under strict criteria, patients with a NF-

pNET no larger than 2 cm can safely be treated conservatively.
In turn, it is clear that implementation of this novel watchful-

waiting approach to pNET is challenging19–21. As is common in in-

vestigator-driven multicentre studies, not all centres adhered

strictly to the follow-up protocol. EUS was included at 3 and 12

months of follow-up to reduce the number of scans per patient,

and so that multiple imaging modalities could confirm tumour

size stability. It also provided an immediate opportunity to per-

form fine-needle aspiration (FNA) if there was doubt regarding

tumour origin. However, EUS was considered a high burden for

patients, and was frequently rejected by both patients and physi-

cians. In addition, not all patients underwent the suggested CT or

MRI at 6 and 12 months’ follow-up, as the interval after diagnosis

was deemed too short by some physicians. A reduction in the fol-

low-up protocol has been made by the study group, whereby the

EUS examination at 3 months is suggested only for patients who

have not undergone EUS previously. In future studies, EUS FNA

could also be used to examine other tumour characteristics.
A potential pitfall of a wait-and-see approach is late detection of

disease spread. This was the case in one patient in the present study

who underwent surgery for rapid tumour progression, in whom peri-

toneal metastases were diagnosed during surgery. The sensitivity of

CT, MRI, and DOTATATE PET–CT is known to be low for (small) peri-

toneal metastases22,23. However, the optimal timing of adjuvant

treatment for metastases in pNET is unknown, and treatment in the

absence of radiologically measurable disease is usually not recom-

mended. To truly evaluate the oncological safety of watchful waiting

of pNET, longer follow-up is necessary. Nevertheless, it is important

to report these short-term findings, because they give insight into

the obstacles of implementation of new guidelines, as well as the

pitfalls regarding treatment indication and sensitivity of imaging

techniques. QoL was poorer at baseline in the study population than

that of the reference population, but the results are too premature

for conclusions to be drawn on the exact reason for this difference.
The authors further recommend improved patient support

during the first years of watchful waiting. The PANDORA study is

continuing to evaluate long-term outcomes of a wait-and-see ap-

proach for NF-pNETs no larger than 2 cm.

Disclosure. The authors declare no conflict of interest.

Supplementary material
Supplementary material is available at BJS online.
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