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Abstract

BACKGROUND

Pancreatic neuroendocrine tumors (PNETs) are relatively rare but rank as the second
most common pancreatic neoplasm. They can be functional, causing early metabolic
disturbances due to hormone secretion, or non-functional and diagnosed later based on
tumor size-related symptoms. Recent diagnoses of PNETs under 2 cm in size have
sparked debates about their management; some practitioners advocate for surgical
removal and others suggest observation due to the tumors’ lower potential for
malignancy. However, it is unclear whether managing these small tumors expectantly is

truly safe.

AIM
To evaluate poor prognostic factors in PNETs based on tumor size (>2 cm or <2 cm) in

surgically treated patients.

METHODS




This cohort study included 64 patients with PNETs who underwent surgical resection
between 2006 and 2019 at a high-complexity reference hospital in Medellin, Colombia.
To assess patient survival, quarterly follow-ups were conducted during the first year
after surgery, followed by semi-annual consultations at the hospital's hepatobiliary
surgery department. Qualitative variables were described using absolute and relative
frequencies, and quantitative variables were expressed using measures of central

tendency and their corresponding measures of dispersion.

RESULTS

The presence of lymph node involvement, neural involvement, and lymphovascular
invasion were all associated with an increased risk of mortality, with hazard ratios (HR)
of 5.68 (95%CI: 1.26-25.61,P: 0.024), 6.44 (95%CI: 1.43-28.93, P: 0.015), and 24.87
(95%ClI: 2.98-207.19, P: 0.003), respectively. Neural involvement and lymphovascular
invasion were present in tumors smaller than 2 cm in diameter and those larger than 2
cm in diameter. The recurrence rates between the two tumor groups were furthermore
similar: 18.2% for tumors smaller than 2 cm and 21.4% for tumors larger than 2 cm.

Patient survival was additionally comparable between the two tumor groups.

CONCLUSION
Tumor size does not dictate prognosis; lymph node and lymphovascular involvement
affect mortality, which highlights that histopathological factors—rather than tumor

size —may play a role in management.
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Core Tip: Pancreatic neuroendocrine tumors (PNETs) are relatively uncommon but
represent the second most frequent pancreatic neoplasm. This study, conducted in
Colombia, challenges conventional size-based survival expectations for PNETs and
advocates a surgical approach, even for tumors smaller than 2 cm. The findings
underscore the importance of considering histological traits like lymphovascular and
neural invasion, high mitotic index, and a Ki67 proliferation index exceeding 3%. These
characteristics, traditionally associated with larger tumors and higher mortality rates,
were also identified in a significant fraction of smaller tumors. More comprehensive
studies are necessary to redefine clinical approaches and guidelines for managing

PNETs.

INTRODUCTION

Pancreatic neuroendocrine tumors (PNETs) are relatively rare tumors. Although they
rank as the second most common neoplasm among pancreatic tumors, following
pancreatic adenocarcinoma, they have an incidence of approximately 1 per 100000
individuals[ll. Nevertheless, post-mortem studies conducted in the general population
have revealed that the actual incidence of PNETSs varies from 1-10%[!l. These tumors
can be functional and result in metabolic manifestations that depend on the specific
hormones they produce. In such cases, early diagnosis and surgical intervention are
typically the preferred management approach. Conversely, non-functional PNETs are
often diagnosed at a later stage, typically when symptoms become related to the
tumor's size. It is worth noting that non-functional tumors are the most prevalent

subtype within this pathology24l.

The widespread adoption of advanced imaging techniques has led to a significant
increase in the diagnosis of PNETs, with reported growth ranging from four-fold to
seven-fold in recent yearsl5l. This surge in diagnoses has led to debates regarding the

best approach for managing these smaller tumors; the clinical outcomes of various




studies have not provided clear conclusions about the potential aggressiveness of these
tumors. Consequently, some authors have advocated for the surgical removal of all
PNETs, regardless of their sizel®l. On the other hand, some researchers have proposed
less-aggressive strategies, such as observation, as a viable option for managing small
tumors. This perspective takes into account the lower likelihood of malignancy

associated with such tumors/7-8l.

Recent studies have explored minimally invasive management strategies, such as
endoscopic ultrasound-guided radiofrequency ablation (EUS-RFA).2 However, it is
important to note that the available evidence largely derives from case reports and
small series; such investigations are considered less robust when it comes to
establishing the effectiveness of these approachesl2. It is therefore crucial to emphasize
the ongoing importance of surgery in the management of PNETs, even for tumors

smaller than 2 centimeters in diameter.

The primary objective of this study was to examine the histological and poor prognostic
traits of PNETs within a patient cohort at a high-complexity hospital in Medellin,
Colombia. The study sought to ascertain whether tumors with a diameter smaller than 2
cm, as observed in definitive pathological specimens, exhibited characteristics

indicating a reduced likelihood of aggressiveness compared with larger tumors.

MATERIALS AND METHODS

This cohort study included 64 patients with PNETs who underwent surgical resection
between 2006 and 2019 in the hepatobiliary surgery department of a high-complexity
reference hospital in Medellin, Colombia. To assess patient survival, quarterly follow-
ups were conducted during the first year after surgery, followed by semi-annual

consultations at the hospital's hepatobiliary surgery department.




Data collection was carried out using a prospective database maintained in the
hepatobiliary surgery unit of the hospital. Any missing patient data necessary for the
study were completed by referencing medical records. Patients for whom information

necessary for the analysis could not be obtained were excluded from the study.

For the univariate analysis, qualitative variables were described using absolute and
relative frequencies. Quantitative variables were expressed using measures of central
tendency and their corresponding measures of dispersion. The normality of variables
was assessed using the Kolmogorov-Smirnov test. The Kaplan-Meier method was used
for survival analysis. Survival curves were compared among groups using the Log-
Rank test, and associated variables were determined through Cox regression.
Furthermore, hazard ratios (HR) were assessed to determine changes in the measure of

associations.

For the bivariate analysis, the Log-Rank test was employed. P values less than 0.05 were

presumed to indicate statistical significance.

RESULTS

From 2006 through 2019, a total of 420 pancreatic resections were carried out at Pablo
Tobén Uribe Hospital, Of those resections, 64 were performed for PNETs; we focused
on those procedures. The mean age of our patient cohort was 50 years, and females
comprised 62.5% of the patient population. Laparoscopic procedures accounted for
32.2% of the resections; all of the laparoscopic procedures involved resections of the tail

and body of the pancreas.

The majority of the pancreatic resections carried out (64.1%) were distal
pancreatectomies  involving resections of the pancreatic body or tail

Pancreatoduodenectomies, also known as the Whipple procedure, constituted 31.3% of




the resections. Other types of pancreatic resections, including enucleations, accounted

for 4.7% of the procedures.. The overall 30-day postoperative mortality rate was 1.6%.

The majority of patients (65.6%) had PNETs larger than 2 cm in diameter; 34.3% had
lesions smaller than 2 cm in diameter. Notably, lymph node involvement was
documented in 30.8% of PNETSs larger than 2 cm; it was not observed in smaller tumors.
Disease recurrence was noted in 21.4% of patients with PNETs larger than 2 cm, and a
slightly lower recurrence rgte was observed in the group of patients with PNETs
smaller than 2 cm (18.2%). There was no statistically significant difference in disease
recurrence between the two groups (P=0.98). The characteristics of the patients are

detailed below and summarized in Table 1.

Table 1. Patient Characteristics
Variable

PNET =z2cm

n= 42

PNET <2cm

N=22

P value

Mean Age (years)

49.1

52.4

0.32

Gender (Fraction of Females)
64.3%

59.1%




Whipple vs DP*
31% vs 62%

27% vs 68%
Recurrence Rate
21.4%

18.2%

0.98

Mitosis >3/10 HPF
58.1%

26.3%

0.05

Ki67 Index >3%
51.5%

31.6%

0.79

CK19 Positive
69.2%

35.7%

0.08

Lymph Node Involvement
30.8%

0%

0.01

Perineural Invasion
16.7%

9.1%

0.65

Lymphovascular Invasion




21.4%
9.1%
0.37

*Distal Pancreatectomy

Bivariate analysis revealed that the presence of certain characteristics of PNETSs larger
than 2 cm in diameter and those smaller than 2 cm was associated with poorer
outcomes and an increased risk of mortality. On the other hand, the multivariate
analysis did not attain statistical significance due to the limitation in the limited size of

the patient sample and the consequent lack of statistical power (Table 2).




Table 2. Variables Associated with a Higher Risk of Mortality

Variable

HR (Raw)

Statistical Significance (Pvalue)
Multivariate Analysis
(P Value)

PNET 22 cm

0.878

NS

NS

PNET <2 cm

1

Mitosis > 3/10 HPF
5.862

NS

NS

Mitosis < 3/10 HPF
1

Ki67 Index > 3%
63.594

NS

NS

Ki67 Index < 3%




Lymph Node Involvement (+)
5.688

<0.05

NS

Lymph Node Involvement (-)
1

Perineural Invasion (+)
6.448

<0.05

NS

Perineural Invasion (-)

1

Lymphovascular Invasion (+)
24.875

<0.05

NS

Lymphovascular Invasion (-)

1

HR: Hazard Ratios. NS: Not Statistically Significant




Lymph node involvement was significantly associated with a higher risk of mortality,

with an HR of 5.68 (95%CI: 1.26-25.61, P=UﬁZ4). This finding is illustrated in Graph 1:
patients with lymph node involvement had a one-year survival rate of 91.7% and a five-
year survival rate of 65.5%; patients without lymph node involvement had a one-year
survival rate of 97.6% and a five-year survival rate of 86.7% (P=0.011). A similar pattern
was observed with neural involvement, which also increased the risk of mortality (HR:
6.44, 95%CI: 1.43-28.93, P=0.015). Graph 2 shows that patients with neural involvement
had one- and five-year survival rates of 77.8% and 64.8%, respectively; patients without
perineural involvement had one- and five-year survival rates of ﬁ[][]% and 86.4%,
respectively (P=0.005). Furthermore, lymphovascular invasion was significantly
associated with an increased risk of mortality, with an HR of 24.87 (95%CI: 2.98-
207.19, P=0.003). The data in Graph 3 reveal that patients with lymphovascular invasion




had one- and five-year survival rates of 80.8% and 40.4%, respectively; patients without

lymphovascular invasion had one- and five-year survival rates of 100% and 96.0%,

respectively (P<0.0001).

Graph 1: Survival as a Function of Nodal Involvement
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Graph 1. Kaplan-Meier survival curve illustrating patient survival based on lymph
node involvement. The purple line represents patients with lymph node involvement;
the green line represents patients without lymph node involvement. The difference

between the two populations is statistically significant with a P value of 0.011.

Graph 2: Survival as a Function of Neural Involvement
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Graph 2. Kaplan-Meier survival curve illustrating patient survival based on perineural
involvement. Patients with perineural involvement are represented by the purple line;
patients without perineural involvement are represented by the green line. The
difference between the two populations is statistically significant with a Pvalue of

0.005.

Graph 3: Survival as a Function of Lymphovascular Involvement

Graph 3. Kaplan-Meier survival curve illustrating patient survival as a function of the
presence or absence of lymphovascular involvement. The purple line represents
patients with lymphovascular involvement; the green line represents patients without
lymphovascular involvement. The difference between the two populations is

characterized by a P value <0.0001.

One of the most remarkable findings of our study is illustrated in Graph 4. The survival
analysis demonstrates that there was no statistically significant difference in survival
rates between patients with PNETs who had tumors larger than 2 cm in diameter and
those with smaller tumors. The two patient populations were followed for, on average,
11.2 and 7.0 years, respectively, and they can be described by a P value of 0.88. This
discovery has significant implications given that it challenges the conventional belief

that tumor size alone is a definitive predictor of survival.




Graph 4: Survival Rate as a Function of Tumor Size

Graph 4: Kaplan-Meier survival curve illustrating patient survival rates as a function of
tumor size. The green line represents patients with tumors smaller than 2 cm in
diameter; the purple line represents patients with tumors larger than 2 cm in diameter.
The difference between the two populations is characterized by a P value of 0.88 which

was not statistically significant.

DISCUSSION

Pancreatic neuroendocrine tumors are rare entities, which can render their management
complex. Currently, there is no clear consensus in the literature regarding the standard
management PNETs, particularly for non-functional tumors with diameters below 2

centimeters discovered incidentallyll.

At the time of this study, there were no other investigations of PNETs in South America
that focused on tumor size as a predictor of poor prognosis. It is important to
emphasize that while tumors with diameters above 2 cm also exhibited a higher
percentage of malignancy-related characteristics and were associated with a poorer
prognosis, smaller tumors exhibited some of those same malignancy-related

characteristics as well. For instance, up to 26.3% of smaller tumors had a mitotic rate of




greater than 3/10 per high-power field, 31.6% had a Ki67 proliferation index above 3%,
and 35.7% positively expressed the CK19 marker.

Similarly, neural and lymphovascular invasion, which are classically associated with
malignancy and an increased risk of recurrence, were observed in up to 9.1% of tumors
with  diameters smaller than 2 cml39.  Furthermore, neural and
lymphovascular invasion were also correlated with shorter survival times and a higher
risk of mortality: HR of 6.44 (95%CI: 1.43-28.93), P: 0.015 and HR of 24.87 (95%CI: 2.98-
207.19), P: 0.003, respectively.

Other studies have reported that up to 33% of smaller tumors exhibit the presence of
lymph node involvement!ll. However, this adverse prognostic feature was exclusively
observed in tumors with diameters larger than 2 cm in our study. This discrepancy may

be attributed, in part, to the relatively small sample size of this study.

Furthermore, the recurrence rate observed after tumor resection in this study was
consistent with the rates reported in the literaturell2l. But we found no statistically
significant difference in recurrence rate as a function of tumor size: the recurrence rate
for tumors smaller than 2 cm was 18.2%, and the recurrence rate for larger tumors was
21.4%. This finding raises questions about the potential biological aggressiveness of
small tumors and prompts consideration of whether the 2-centimeter cutoff should
be reconsidered as a defining threshold for a higher risk of malignancy. Regenet and
colleagues emphasized that tumors with diameters larger than 1.7 centimeters were
associated with a greater risk of malignancyl®®. More recently, Hsu and
colleaguesdemonstrated that even among tumors ranging from 1 to 2 centimeters in

size, 11% already had metastatic involvement at the time of diagnosis/'l.

As noted above, our study revealed no statistically significant difference in survival rate

for patients with tumors exceeding 2 cm in diameter and patients with smaller tumors.




This observation carries profound implications for redefining our approach to clinical
decision-making in the management of PNETs. While tumor size has historically been a
pivotal prognostic factor, our findings underscore the pivotal role of histopathological

characteristics in influencing patient survival, regardless of tumor size.

Studies like Sharpeet al. have demonstrated survival benefits for patients who
underwent pancreatic resections for tumors smaller than 2 centimeters!!5l. However, we
are unable to provide a definitive recommendation for the optimal management
strategy for this specific subset of PNETs. Additionally, due to the absence of a non-
surgical control group in our study, we cannot conclusively determine whether surgical

intervention for tumors smaller than 2 cm significantly impacts patient survival.

It is important to acknowledge the limitations of our study, notably its retrospective
nature, its single-center design, and its relatively small patient cohort. These limitations
may reduce the overall validity and statistical power of our findings. To establish a
robust association between the described characteristics in our study and the observed
outcomes, a larger and more diverse patient sample would be essential. Further

research is warranted to address these limitations comprehensively.

However, it is noteworthy that this study represents the largest reported series of
Colombian patients with PNETs. Given the unique socio-economic context of Colombia
(e, a country characterized by limited healthcare resources and accessibility
challenges), surgical intervention may indeed be a viable and rational option. This
perspective is further justified by the possibility that these tumors may exhibit

histological characteristics associated with poor prognosis over time.

However, it is also crucial to acknowledge that, like any surgical procedure, pancreatic
resections carry the inherent risk of complications. Notably, for small enucleations,

morbidity rates can be as high as 28%16l. Therefore, a balanced consideration of the




potential benefits and risks of surgery, especially in the context of Colombia's healthcare
landscape, is imperative when determining the most appropriate management strategy

for PNETs.

CONCLUSION

Pancreatic neuroendocrine tumors with a diameter smaller than 2 cm share some of the
characteristics associated with poor prognosis and poorer clinical outcomes with larger
tumors. The presence of lymphovascular invasion, neural invasion, high mitotic index,
and a Ki67 proliferation index above 3% are features that are more frequently observed

in tumors with a diameter above 2 cm and are associated with a higher risk of mortality.

It is crucial to underscore that the characteristics associated with unfavorable clinical
outcomes were also detected in a noteworthy percentage of PNETs with a diameter
below 2 cm. This finding implies that surgical resection of these small tumors might
offer potential benefits to patients with this condition; these tumors may not be as

benign, as previously suggested by earlier studies 7.

Nonetheless, it is imperative to carry out studies with a larger sample size and a
prospective design to definitively ascertain whether this approach would indeed yield a

significant clinical impact, thereby enabling concrete recommendations to be

established.

ARTICLE HIGHLIGHTS

Research background

Pancreatic neuroendocrine tumors (PNETSs) are relatively rare but rank as the second
most common pancreatic neoplasm, with debates arising over the management of
smaller tumors (<2 cm). Advanced imaging techniques have led to increased diagnoses,
prompting discussions on whether surgical removal is necessary for smaller, potentially

less malignant tumors.




Research motivation

The motivation behind this study lies in the uncertainty surrounding the management
of small PNETs (<2 cm) and the lack of consensus in the literature. The study seeks to
challenge the conventional belief that tumor size alone dictates prognosis and to
evaluate whether histopathological factors should play a more significant role in

guiding clinical decisions.

Research objectives

The study aims to assess poor prognostic factors in surgically treated PNET patients
based on tumor size, specifically evaluating those under 2 cm. The primary objective is
to determine whether smaller tumors exhibit characteristics suggesting reduced

aggressiveness compared to larger ones.

Research methods

A cohort study involving 64 surgically treated PNET patients in Medellin, Colombia,
between 2006 and 2019. Quarterly and semi-annual follow-ups were conducted, and
data analysis involved univariate and bivariate analyses, Kaplan-Meier survival curves,
and Cox regression for hazard ratios. The focus was on assessing patient survival,

recurrence rates, and the association of histopathological characteristics with mortality.

Research results

The study identified Iymph node involvement, neural involvement, and
lymphovascular invasion as poor prognostic factors associated with increased mortality
risk. Importantly, no significant difference in survival rates was observed between
patients with tumors <2 cm and 22 cm, challenging conventional size-based

expectations.

Research conclusions




Tumor size alone does not dictate prognosis in PNETs; instead, histopathological
factors such as lymph node and lymphovascular involvement play a crucial role. The
study challenges the notion of benignity in smaller tumors and suggests that surgical

resection may offer benefits even for tumors under 2 cm.

Research perspectives

The findings emphasize the need for a comprehensive approach to PNET management,
considering both size and histopathological characteristics. While providing valuable
insights, the study acknowledges its limitations and calls for larger, prospective studies

to further refine clinical guidelines for the management of PNETs.
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