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Abstract

Objective: Insulinomas are rare functional pancreatic neuroendocrine tumours. As previous data on the long-term
prognosis of insulinoma patients are scarce, we studied the morbidity and mortality in the Finnish insulinoma cohort.

Design: Retrospective cohort study.

Methods: Incidence of endocrine, cardiovascular, gastrointestinal and psychiatric disorders, and cancers was compared
in all the patients diagnosed with an insulinoma in Finland during 1980-2010 (n =79, including two patients with
multiple endocrine neoplasia type 1 syndrome), vs 316 matched controls, using the Mantel-Haenszel method. Overall
survival was analysed with Kaplan-Meier and Cox regression analyses.

Results: The median length of follow-up was 10.7 years for the patients and 12.2 years for the controls. The long-term
incidence of atrial fibrillation (rate ratio (RR): 2.07 (95% Cl: 1.02-4.22)), intestinal obstruction (18.65 (2.09-166.86)),

and possibly breast (4.46 (1.29-15.39) and kidney cancers (RR not applicable) was increased among insulinoma
patients vs controls, P < 0.05 for all comparisons. Endocrine disorders and pancreatic diseases were more frequent

in the patients during the first year after insulinoma diagnosis, but not later on. The survival of patients with a non-
metastatic insulinoma (n = 70) was similar to that of controls, but for patients with distant metastases (n=9), the

survival was significantly impaired (median 3.4 years).

Conclusions: The long-term prognosis of patients with a non-metastatic insulinoma is similar to the general population,
except for an increased incidence of atrial fibrillation, intestinal obstruction, and possibly breast and kidney cancers.
These results need to be confirmed in future studies. Metastatic insulinomas entail a markedly decreased survival.
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Introduction

Insulinomas are rare insulin-secreting functional
pancreatic neuroendocrine tumours, with an estimated

incidence of 1-4 per million peryear (1, 2, 3, 4). They usually

donot show metastatic behaviour and are considered cured
after complete surgical removal of the tumour (3, 4, 5).
On the other hand, disease recurrence occurs in 7% of the
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surgically treated patients (4), and in patients with distant
metastases, the median survival has been reported to be
less than 2 years (2).

Despitetheimproveddiagnosticoptions, thediagnostic
delay of insulinomas has remained long, presumably due
to the rarity of the disease and the nonspecific clinical
picture, as we have shown in our previous study on all adult
patients diagnosed with an insulinoma in Finland during
1980-2010 (6). Because previous data on the long-term
prognosis of insulinoma patients are scarce, we wanted
to study the long-term morbidity and mortality in the
Finnish insulinoma cohort (6).

Subjects and methods

The Finnish insulinoma register consists of all adult
patients (>18 years of age) diagnosed with an insulinoma
in Finland during 1980-2010 (n=79) (6). For each patient,
four controls were chosen from the Finnish Population
Register Centre. The controls had to be equal by age (+6
months), gender, and the place of residence, and alive at the
diagnosis of the corresponding patient. The dates of death
or emigration were provided by the Finnish Population
Register Centre. Personal identification numbers assigned
to all Finnish residents were used to link the information
from the separate registers described below. The register-
based follow-up began on 1 January 1980 and lasted until 31
December 2015, unless death or emigration occurred first.

The morbidity of insulinoma patients vs controls was
analysed before and after the diagnosis of insulinoma,
focusing on five distinct disease groups: endocrine,
gastrointestinal, cardiovascular, cancer, and psychiatric
diseases, to evaluate the potential comorbidity and long-
term effects of insulinoma on the development of these
diseases. Cancer morbidity was evaluated based on the
cancer diagnoses registered at the Finnish Cancer Registry,
where Finnish health care organizations statutorily provide
information on all new cancer cases. Insulinoma-related
notifications were excluded from the analyses.

Morbidity due to endocrine, cardiovascular,
gastrointestinal, and psychiatric disorders was evaluated
on the basis of the diagnoses registered at the National
Hospital Discharge Register, the Care Register for Health
Care. This register, maintained by the Finnish Institute
of Health and Welfare, collects the statutory data on all
Finnish residents discharged from inpatient care in any
Finnish hospital since 1969 and on outpatient visits in
specialized health care since 1998. The diagnoses are coded
according to the Finnish version of the 10th revision of
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the International Classification of Diseases (ICD-10) since
1996, ICD-9 during 1987-19935, and ICD-8 during 1980-
1986.Theseclassifications werereviewed, and the diagnoses
of interest were grouped into corresponding disease
categories and subcategories (Supplementary Table 1,
see section on supplementary materials given at the end of
thisarticle). Both the primary and the secondary diagnoses
were included in the analyses, and the diagnosis codes for
hyperinsulinism and hypoglycaemia were excluded from
the analysis of endocrine disorders.

For the mortality analyses, the causes of death were
obtained from Statistics Finland, which collects the dates
and causes of death of all Finnish citizens deceased since
1971. The causes of death are classified according to the
ICD, as well as with a national time series classification,
including 54 categories. In the analyses, we used the
underlying cause of death, defined as the disease that has
initiated the series of illnesses directly leading to death.

This study was conducted in accordance with the
Declaration of Helsinki. The Regional Ethics Committee of
the Tampere University Hospital catchment area reviewed
and approved the study protocol. Informed consent was
waived because of the retrospective, register-based nature
of the study, and the fact that many of the study subjects
died before data collection for the study. The Finnish
Institute for Health and Welfare, the University Hospitals
of Tampere, Helsinki, Kuopio, Oulu and Turku, Statistics
Finland, and the Finnish Population Register Centre
yielded permission for the use of data from their registers.
Research data are not shared for ethical reasons, to protect
the anonymity of patients with a rare disease.

Statistical analysis

The analyses were conducted with the IBM SPSS Statistics
for Windows, Versions 25.0 and 27.0 (IBM Corp.), the STATA
Statistical Software, Release 13 (StataCorp LP), and the
OpenEPI Collection of Epidemiologic Calculators, Version
3.01. The data are presented as mean (s.D.) for normally
distributed variables, median (minimum-maximum) for
other numerical variables, and number (%) for categorical
variables.

In the morbidity analyses, the prevalence of diseases
diagnosed before the diagnosis of insulinoma was first
compared between the patients and the controls with
the Fisher’s exact test and conditional logistic regression.
Then, the incidence rates of these disease groups after the
diagnosis of insulinoma were compared by analysing the
incidence rate ratios (RR) and 95% ClIs, using the Mantel-
Haenszel method. Because only the first notification of each
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disease category per person was included in the analyses,
the patients with a disease registered before the diagnosis of
insulinoma were excluded from the incidence calculations
of that disease category, together with their controls. The
controls with a given disease diagnosed before the index
date were excluded from the analyses individually. For
diseases with a statistically significant difference in the
patients vs controls, a sensitivity analysis was performed,
excluding the MEN1 patients and their controls, as well as
the persons with each disease diagnosed within the first
year after insulinoma diagnosis, to eliminate detection
bias. The Bonferroni correction was applied to define the
level of significance for multiple comparisons.

The overall survival of the patients vs controls was
compared using Kaplan-Meier analysis with the log-rank
test. Insulinomas were retrospectively classified according to
their highest diameter (> vs <2 cm) and staged according to
the most recent TNM classification system (7). Cox regression
analyses were used to calculate the hazard ratios (HR), to
identify factors associated with mortality among the patients.
The distribution of the causes of death was compared with the
Fisher’s exact test. For the patients who underwent curative-
intent surgery, disease-free survival was calculated from the
date of primary surgery to the date of disease progression or
relapse. In the survival analyses, a two-sided P value below
0.05 was considered statistically significant.

Results

Follow-up data of all the 79 patients and their 316 controls
were included in the study. The mean age at the insulinoma
diagnosis was 51.7 (15.6) years in the patients and 51.7 (15.5)
years in the controls. The median duration of symptoms
before the diagnosis was 13.0 (0.1-243.5) months. The
median duration of the register-based follow-up between 1
January 1980, and the date of diagnosis of insulinoma was
22.7 (0.5-30.8) years for both the patients and the controls,
and the median duration of follow-up after the diagnosis of
insulinoma was 10.7 (0.2-32.6) years for the patients and 12.2
(1.2-35.5) years for the controls. A metastatic insulinoma was
detected in nine (11%) patients. Multiple endocrine neoplasia
type 1 (MEN1) syndrome was diagnosed in two patients, both
associated with a non-metastatic, solitary insulinoma.

Long-term morbidity

Before the diagnosis of insulinoma, there was no
statistically significant difference in morbidity between the
patients and the controls (Supplementary Table 2). After
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the diagnosis of insulinoma, the overall incidence of any
cardiovascular diseaseand theincidence of atrial fibrillation
were increased in the patients vs controls, although the
increase was not significant after the Bonferroni correction
(Fig. 1A and Table 1). In the Kaplan-Meier analysis, the
difference in the cumulative incidence of atrial fibrillation
in the patients vs controls increased gradually after the
diagnosis of insulinoma (Fig. 1B). A sensitivity analysis
excluding the first year after insulinoma diagnosis showed
a trend towards an increased incidence of atrial fibrillation
in the insulinoma patients, but this difference was not
statistically significant (Table 2).

Regarding endocrine morbidity (Fig. 1C), the overall
incidence of endocrine and thyroid disorders was higher
in the patients than in the controls (Fig. 1C and Table 1).
The thyroid diagnoses included hypothyroidism in three
(4%), hyperthyroidism in two (3%), and goitre in one (1%)
of the patients, compared to six (2%), two (1%), and two
(1%) of the controls, respectively. In the Kaplan-Meier
analysis, the cumulative incidence of thyroid disorders
in the patients vs controls started to increase right from
the diagnosis of insulinoma (Fig. 1D). After excluding the

A

Figure 1

(A, B, C, D and E) Cumulative incidence of cardiovascular,
endocrine, and cancer diseases in the patients (solid line)
diagnosed with an insulinoma Finland during 1980-2010,
compared with controls (dashed line) matched for age,
gender, and the place of residence (log-rank test). (A)
Cardiovascular diseases (P =0.048), (B) atrial fibrillation

(P =0.024), (C) endocrine disorders (P < 0.001), (D) thyroid
disorders (P=0.047), (E) cancers (P =0.061).
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Endocrine and pancreatic diseases were more frequent
within the first year after the diagnosis, likely due to a
detection bias and the occurrence of short-term surgical
complications, respectively. Despite the increased long-
term morbidity, the overall survival of patients with non-
metastatic insulinoma is similar to the general population.
In patients with metastatic insulinoma, the prognosis is
significantly impaired.

The long-term morbidity due to any cardiovascular
disease, or due to atrial fibrillation was increased among
the patients previously diagnosed with an insulinoma.
The reason for the increased cardiovascular morbidity in
insulinoma patients is unclear. Previous studies have found
no association between insulinoma and hypertension
(10, 11), but the incidence of atrial fibrillation in insulinoma
patients has, to our knowledge, not been studied before.
Hypoglycaemia has been shown to induce cardiac
arrhythmias in persons with diabetes, but the potential
effect of hypoglycaemia on the cardiovascular morbidity
of insulinoma patients is unclear (12, 13). Unfortunately,
the total burden of hyperinsulinaemia and hypoglycaemia
could not be quantified retrospectively in the present study,
nor in the previous ones. In our study, the follow-up due to
insulinoma may have contributed to the early diagnoses of
atrial fibrillation in the patients as the difference between
the patients and the controls was no longer statistically
significant after excluding the first year after diagnosis.

Morbidity due to any endocrine or thyroid disorders
was increased among the patients during the first year
after insulinoma diagnosis, but not later on. Although the
diagnosis codes for hyperinsulinism and hypoglycaemia
were excluded, the substantial number of other or
unspecified endocrine disorders diagnosed near the time of
diagnosisofinsulinomaindicates that these codesmay have
been used instead of the specific diagnoses for insulinoma.
A possible explanation for the increased thyroid morbidity
is the careful examination and follow-up of these patients
by endocrinologists, contributing to a prompt diagnosis
of disorders that may partly remain undiagnosed in the
general population.

The incidence of acute pancreatitis and intestinal
obstruction was increased among the insulinoma patients
vs controls. Most cases of pancreatitis occurred as early
postoperative complications, with a rate of 10% in the
surgically treated patients, as described previously (6).
Intestinal obstruction occurred in 5% of the surgically
treated patients, likely as a late postoperative complication
of insulinoma surgery. Previous studies on surgically
treated insulinomas have mainly focused on short-term
complications and have not reported the incidence of
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late intestinal obstruction in insulinoma patients. In
accordance with this study, previous studies have reported
similar rates of intestinal obstruction after pancreatic and
other abdominal surgery (14, 15, 16).

Morbidity due to breast and kidney cancers also
seemed to increase among insulinoma patients. To our
knowledge, increased incidence of breast or kidney
cancers in insulinoma patients has not been reported
before, apart from an increased risk for breast cancer in
MENT1 patients (17). The breast and kidney cancers of the
patients were diagnosed 2.7-24.3 years after the diagnosis
of insulinoma. The MEN1 syndrome explained at least
part of the increased morbidity due to breast cancer,
and no statistically significant difference was found in
the breast cancer incidence of the patients vs controls
after the exclusion of MEN1 patients from the analysis.
As renal cancers are often discovered incidentally in
abdominal imaging (18, 19), we cannot exclude neither a
true association of kidney cancer with insulinoma nor an
effect of frequent CT scanning. As these results were based
on a small number of patients diagnosed with breast or
kidney cancer, larger studies are needed to confirm these
preliminary findings.

No significant difference was detected in the incidence
of dementia or other psychiatric disorders between
insulinoma patients and controls. The sample size and
the follow-up time in our study may, however, have
been insufficient to detect a possible difference. A recent
prospective study reported cognitive impairment in 18
of 34 insulinoma patients, measured with the Montreal
Cognitive Assessment questionnaire prior to the pancreatic
surgery, with improvement detected in most patients at 1
year after surgery (20).

| 1
0 10 2 30 40 0 10 20 30 40
Folow-up time (years) Follow-up time (years)

Figure 2

(A and B) Survival of the patients diagnosed with a non-
metastatic (A) or a metastatic insulinoma (B) in Finland during
1980-2010, compared with controls matched for age, gender,
and the place of residence (log-rank test). (A) Patients with
non-metastatic insulinoma vs controls (P =0.125), (B) patients
with metastatic insulinoma vs controls (P < 0.001).
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Table 4 Multivariate analysis of factors associated with mortality among patients diagnosed with an insulinoma in Finland

during 1980-2010 (n =752).

Variable Hazard ratio 95% CI P value
Age at diagnosis 1.05 1.02-1.08 0.003
Tumour localization (head/neck vs body/tail) 1.90 0.72-5.03 0.197
Tumour size (>2 cm vs <2 cm) 2.49 0.93-6.65 0.070
Distant metastases 3.71 1.18-11.67 0.025

Bold values indicate a statistically significant hazard ratio (P < 0.05, Cox proportional hazards model).
aFour of the 79 patients in the total cohort were excluded from this multivariate analysis, due to missing data regarding tumour size (n =4) and

localization (n = 2).

In the present study, the overall survival of patients
with non-metastatic insulinoma did not significantly differ
from the general population. The 10-year survival of 87% for
non-metastatic and 33% for metastatic insulinomas in this
study was similar to the 91 and 29%, respectively, reported
previously (1). Similarly to previous studies, older age and
metastases were the most important factors associated with
an impaired survival (1, 21, 22). In fact, recent evidence
suggests that metastatic and non-metastatic insulinomas
differ in their origin and pathogenesis and should be
regarded as two different diseases (23). An increased risk of
insulinoma recurrence and an impaired survival has been
reported in MEN1 patients (1). In our study, however, no
recurrences were detected during the follow-up of the two
MENT1 patients.

Among the surgically treated insulinoma patients, the
surgical method or the period of surgery was not associated
with the overall survival. The postoperative mortality of
2.7% was slightly lower than the 3.7% reported previously
for an open approach (4). Except for the postoperative
deaths, no significant association was found between
surgical complications and overall survival, which is in line
with a recent series of 105 surgically managed pancreatic
neuroendocrine tumour patients (24). A recent study
of 198 insulinoma patients, however, reported a higher
reoperation rate after tumour enucleations compared to
pancreatic resections (25). To minimize the complication
risks and need for reoperations, the invasive diagnostics
and surgical treatment of insulinomas, like all pancreatic

tumours, should be performed in centres with adequate
expertise (2, 26, 27, 28, 29, 30, 31).

In this study, the median overall survival of 3.4 years
in patients with a metastatic insulinoma was similar to
the 40 months (3.3 years) reported recently in 31 patients
with metastatic insulinomas (32). This is better than the
median survival of 29 months (2.4 years) reported earlier
(22). Despite the poor overall survival, one-third of the
patients with metastatic insulinoma had a remarkably
long survival time. Previous studies have shown that
palliative debulking surgery, and newer treatment
options, such as peptide receptor radionuclide therapy
and everolimus, may improve survival and relieve
symptoms in patients with metastatic disease (26, 32, 33,
34, 35, 36). Because of the small number of metastatic
insulinomas, we were not able to assess the effect of
treatment on the survival of patients with metastatic
insulinoma.

The major strengths of this study are the nationwide,
unselected study cohort, including all the patients
diagnosed with an insulinoma in Finland over a 3-decade
period, and the long-term follow-up data of the patients
and controls, matched for age, gender, and the place
of residence. In Finland, it is mandatory to report the
underlying causes of death to the Population Information
System, and the hospital discharge diagnoses to the
National Hospital Discharge Register, contributing to the
complete, comprehensive, and high-quality data in these
registers (37, 38).

Table 5 Causes of death of the patients diagnosed with an insulinoma in Finland during 1980-2010 and their control group
matched for age, gender, and the place of residence. Data are presented as n (%).

Patients (n =79) Controls (n=316)

Deaths related to insulinoma
Deaths due to metastatic insulinoma

Deaths due to complications of the invasive diagnostics or pancreatic surgery

Deaths due to diseases of the circulatory system
Deaths due to tumours (other than insulinoma)
Deaths due to other causes

Alive at the end of follow-up

9(11.4) 0 (0)
6 (7.6) 0 (0)
3(3.8) 0 (0)
8(10.1) 29(9.2)
4(5.1) 13(4.1)
4(5.1) 21 (6.6)
54 (68.4) 253 (80.1)
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The relatively small sample size, due to the rarity
of insulinomas, is the major limitation of this study. In
addition, the prognosis of the subgroups of patients with
metastatic, recurrent, or MEN1-related insulinomas could
notbe evaluated comprehensively. Due to theretrospective,
register-based study design we were not able to specify the
causative factors of the long-term morbidity in insulinoma
patients. Another limitation is that the National Hospital
Discharge Register only includes information on the
hospital visits in the specialized health care system, which
may lead to underestimation of the incidence of non-
severe diseases, treated mainly in the primary health care.
On the other hand, detection bias probably contributed to
the high incidence of non-severe endocrine disorders near
the time of diagnosis of insulinoma in the patients.

In conclusion, the long-term prognosis of patients
with a non-metastatic insulinoma seems to be similar to
the general population, except for an increased incidence
of atrial fibrillation, intestinal obstruction, and possibly
breast and kidney cancers. Metastatic insulinomas are
rare but generally entail a markedly decreased survival. To
our knowledge, this is the first study to report findings of
increased long-term morbidity in insulinoma patients. In
the future, larger studies are needed to confirm these results.
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