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Introduction: Paradoxical co-existence of insulinoma and diabetes is extremely rare. Although a few case reports addressed this association,
a comprehensive study elucidating this relationship has been lacking. We performed a systematic review of published cases of insulinoma in
diabetes. Methods: We conducted a literature search using PubMed and Google Scholar, employing various combinations of the following
terms: ‘insulinoma’, ‘diabetes’, ‘nesidioblastosis’, ‘endogenous hyperinsulinism’, ‘hypoglycaemia’, and ‘hyperglycaemia’ (from January 1900 to
January 30, 2024). Exclusion criteria included non-English publications, duplicate articles, reports lacking sufficient data, cases of endogenous
hyperinsulinemic hypoglycaemia other than insulinoma, and inaccessible articles. Statistical analysis was performed using appropriate
methods. Results: Sixty patients were considered for the final analysis. Mean age was 61 + 15 years (range: 17-96 years) with a slight female
preponderance; 88.3% had type-2 diabetes with a median duration of 8 years. The median delay in diagnosis of insulinoma was 6 months.
Median blood glucose varied from 30.5 mg/dL to 235 mg/dL, with a mean HbAlc of 5.6 + 1.3% (range: 2.9%-8.2%). Critical sampling data
were available in 75% of cases. The median size of the insulinoma was 2 cm. Furthermore, 5.2% of insulinomas were extra-pancreatic. Among
pancreatic insulinomas, 14.5% were multi-focal. One-third of cases were malignant. Surgical resection was done in 70.9% of cases, while 40%
received drug therapy and 12.7% received both, with 20.7% overall mortality. Malignant insulinoma (P = 0.007), micro-angiopathic (P =0.018)
and macro-angiopathic complications (P = 0.039), and other co-morbidities (P = 0.009) were associated with unfavourable prognosis, while
being overweight and obese (P = 0.020) at presentation was associated with favourable prognosis. Conclusion: This first systematic review
provides insights into the uniqueness of insulinoma in diabetes.
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natural history of this seemingly paradoxical association to
date. As hypoglycaemia is a common complication in diabetes
per se, it is difficult to diagnose insulinoma in the background
of diabetes. Considering the extreme rarity of insulinoma in
diabetes, it is unlikely that such a study with a sufficient sample
size will ever be conducted. The current study aimed to address
this challenging clinical problem by systematically reviewing
the published literature.

INTRODUCTION

Insulinoma and diabetes mellitus are two contrasting
manifestations of pancreatic -cell pathology and aberrant
glucose metabolism. The development of transient
hyperglycaemia or permanent diabetes is a common post-
operative complication of insulinoma. However, the genesis
of insulinoma among patients with known diabetes,!'! or the
unmasking of hidden diabetes after treatment of insulinoma,**

i h . After being first rted in 1932 i
1S a rare phenomenon cr bemng st reported i mn Address for correspondence: Dr. Rana Bhattacharijee,

Germany,® nearly 75 similar cases have been published
in the literature. Studies from the Mayo Clinic among 313
insulinoma patients over 65 years,"! on a Japanese cohort of
443 insulinoma cases over 15 years,['” and on a Taiwanese
cohort of 23 insulinoma patients over 22 years!''"have found
only one diabetic patient each. Other than sporadic case
reports, there is no comprehensive study deciphering the
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MEeTHODS

Literature search strategy and data extraction: We systematically
searched PubMed and Google Scholar by employing various
permutations and combinations of keywords, including
‘insulinoma’, ‘diabetes’, ‘nesidioblastosis’, ‘endogenous
hyperinsulinism’, ‘hypoglycaemia’, and ‘hyperglycaemia’,
from January 1, 1900, to January 30, 2024. In addition, we
comprehensively reviewed the literature by scrutinising the
references of relevant articles. We included English-language
publications meeting specific criteria: case series, case
reports, and letters depicting endogenous hyperinsulinemic
hypoglycaemia (EHH) with imaging suggestive of insulinoma
in patients with diabetes. We included histopathologically
proven insulinoma cases in diabetes, irrespective of
biochemical evidence or imaging features. This encompassed
cases with concurrent diagnoses of insulinoma and diabetes.
Exclusion criteria comprised non-English literature, duplicate
publications, reports lacking sufficient data, cases with
post-surgical diabetes complications, and instances of EHH
unrelated to insulinoma. Cases such as Hirata syndrome,
post-gastric bypass hypoglycaemia, nesidioblastosis, or non-
insulinoma pancreatogenous hypoglycaemia syndrome, and
inaccessible articles were excluded from the analysis.

Parameters studied: Parameters extracted from the selected
studies were age, sex, presence of co-morbidities (obesity,
hypertension, dyslipidaemia, diabetic micro-angiopathies,
and macro-angiopathies or any other), type and duration of
diabetes, duration of symptomatic hypoglycaemia, lowest
documented blood glucose, highest documented blood glucose,
glycated haemoglobin level at presentation, usage of anti-
diabetic medications before insulinoma diagnosis and after its
treatment, analysis of critical sample (blood glucose, serum
insulin, and C-peptide), serum proinsulin, -hydroxybutyrate,
sulfonylurea screening, imaging modalities (both non-
invasive and invasive), tumour location, largest diameter of
the lesion, presence of metastasis, histopathology including
immunohistochemistry, treatment strategies (surgery, drug,
radiological intervention), outcome, and weight change before
and after insulinoma treatment.

Definitions: Before curating data from the published literature,
we established strict pre-specified definitions for the following
variables and terms to minimise ambiguity:

1. Duration of diabetes: Considered zero when diabetes was
diagnosed concurrently with insulinoma or emerged after
insulinoma therapy.

2. Type of diabetes: Categorised as type-2 diabetes (T2D)
unless specified otherwise.

3. Co-morbidities: Grouped into overweight/obesity,
hypertension, dyslipidaemia, micro-angiopathy, macro-
angiopathy, or others.

4. Duration of hypoglycaemia: Defined as the time from
the onset of hypoglycaemia symptoms or documented
hypoglycaemia (whichever came earlier) to insulinoma
diagnosis. This is also considered as diagnostic delay,

with zero delay if insulinoma was diagnosed at the first
hypoglycaemia presentation.

5. RBSmax and RBSmin: Defined as the highest and lowest
blood glucose levels noted during the entire disease
course, respectively.

6. Critical sample: Designated as ‘critical”’ when symptomatic
hypoglycaemia occurred with concurrent blood glucose
<55 mg/dL, and serum insulin and C-peptide data were
available.

7.  Tumour size: Determined by various imaging techniques,
intra-operatively, or biopsy. The longest dimension
documented using any of these methods was considered
the maximum tumour size.

8. Location of tumour: Classified as pancreatic or extra-
pancreatic. Pancreatic insulinomas were further
categorised as unifocal or multi-focal, with unifocal
tumours sub-divided into the head (and uncinate process),
body, body and tail junction, and tail.

9. Immunohistochemistry: Considered only when insulin
positivity or negativity was clearly mentioned.

10. Benignity or malignancy: Designated as malignant if
insulinomas showed documented vascular invasion, nodal
involvement, or metastasis to other organs.

I1. Prognosis: Defined as good if there was relief from
symptomatic hypoglycaemia (regardless of structural or
biochemical cure). Poor prognosis indicated recurrence
of symptomatic hypoglycaemia or death directly related
to tumour burden or treatment complications.

Statistical analysis

The normality of the distribution of continuous variables was
assessed using the Shapiro—Wilk test. The averages of the
variables were presented as mean =+ standard deviation for
normally distributed data and as median + IQR for non-normally
distributed data. Unpaired #-test analysis was employed to
compare normally distributed continuous variables between the
two groups, while the Mann—Whitney test was used for non-
normally distributed counterparts. Proportional comparisons
were conducted using the chi-square test. The Yates continuity
correction was applied when the value in one or more cells was
less than 5. Statistical analyses were carried out using JASP
version 0.18.1 (the University of Amsterdam, The Netherlands).

ResuLts

Initially, 90 articles were identified based on our search
criteria. After excluding 32 articles (13 on EHH other than
insulinoma, 12 non-English articles, 5 inaccessible articles,
1 duplicate case, and 1 irrelevant case), the final analysis
included 60 patients (56 case reports and 2 case series with
2 cases each) [see Figure 1].

Demographic characteristics revealed a mean presentation
age of 61 £ 15 years (range: 17-96 years) with a slight female
gender preponderance (male:female = 28:32, 0.9:1).

In terms of diabetes characteristics, the majority (88.3%, 53/60)
had T2D, while 11.7% (7/60) had type-1 diabetes (T1D).
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There was no statistically significant difference between the
two types of diabetes except for the age of onset and serum
insulin [Tables 1-3]. Duration of diabetes was mentioned in
90% (54/60) of cases. Of them, 83.3% (45/54) had a prior
documented history of diabetes, lasting a median of 8 years
[interquartile range (IQR): 14, range: 0.08-35 years]. In
16.7% (9/54) of cases, diabetes (3 T1D and 6 T2D) was
diagnosed concurrently with insulinoma or unmasked only
after insulinoma treatment. Among those with a history of
diabetes, 62.2% (28/45) received oral anti-diabetic drugs
(OADs) only (including 1 patient on GLP-1 analogue),!'”
28.9% (13/45) received insulin only, and 8.9% (4/45) received
both. The remaining 25% (15/60) did not receive OADs, or
there was no mention of them. Co-morbidities and long-term
complications were observed in 43.3% of the 60 patients,
with the prevalence of obesity, hypertension, dyslipidaemia,

micro-angiopathy, and macro-angiopathy being 43.3%, 30%,
8.3%, 25%, and 10%, respectively. In addition, 43.3% (26/60)
of patients had other co-morbidities.

Regarding hypoglycaemia characteristics, the duration
was mentioned in 88.3% (53/60) of cases. Among them,
9.4% (5/53) were diagnosed with insulinoma at the first
presentation of hypoglycaemia. The remaining 90.6% (48/53)
were diagnosed with a median diagnostic delay of 6 months
(IQR: 23; range: 0.17-312 months). Two patients had no
hypoglycaemia symptoms or biochemically documented
hypoglycaemia; insulinoma was diagnosed histopathologically
after surgical tumour resection.!'>!4

With regards to glycaemic status, RBSmin data was available
for 96.7% (58/60) of cases, with a median of 30.5 mg/dL (IQR:
13, range: 7-84). RBSmax was mentioned in 51.7% (31/60) of

Table 1: Comparison between patients with T1D vs T2D harboring insulinoma

Characteristics TiD T2D P
Age (Years) (mean+SD) 43£17 66+18 0.003*
Sex

Male/Female (%) 4/3 (57.1/42.9) 24/29 (45.3/54.7) 0.851
Diabetes duration (months) (median+IQR) 20+24 8+13 0.651
Hypoglyecmia duration (months) (median+IQR) 6 (18) 6 (23) 0.589
Co-morbidities

Obesity (%) 2 (28.6) 24 (45.3) 0.665

Hypertension (%) 2 (28.6) 16 (30.2) 1

Others (%) 3(42.9) 23 (43.4) 1
Micro-angiopathic complications (%) 2 (28.6) 13 (24.5) 1
Macro-angiopathic complications (%) 0(0) 6 (11.3) 0.789
Lowest glucose (mg/dL) (median+IQR) 3419 30+13 0.413
HbAlc* (NGSP %) (mean+SD) 6.1£1.5 5.5+1.3 0.367
Serum insulin (pIU/mL) (median+IQR) 13.1+16.8) 39.1+68 0.044*
Serum C-peptide (ng/mL) (median+IQR) 3.343.8 59453 0.075

[Keys: T1D- type-1 diabetes, T2D- type-2 diabetes, SD- standard deviation, IQR- interquartile range, HbA 1c- glycated hemoglobin, NGSP- National
Glycohemoglobin Standardisation Programme, *P<0.05 has been considered as statistically significant)]

PubMed and Google

Scholar search

1

Articles on EHH cases m
other than

insulinoma - 13

90 articles (88 case
reports & 2 case series)

Inaccessible article- 5
m Non-English article- 12

Duplicate article- 1

Included for
final analysis

Article not relevant to topic- 1

58 articles (56 case
& 2 case series)

>

60 patients for
final analysis

Figure 1: Flow-chart depicting the selection of articles for the present study
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cases, with a median of 235 mg/dL (IQR: 150, range: 54—538).
The gap between RBSmax and RBSmin was calculable in
50% (30/60) of cases, with a median of 200.5 mg/dL (IQR:
138, range: 14-498). HbA 1c data (National Glycohemoglobin
Standardisation Programme - NGSP) at presentation was
available for 58.3% (35/60) of patients, with a mean of
5.6 = 1.3% (range: 2.9%—8.2%).

Data on all three components of the critical sample were available
in 75% (45/60) of cases. Serum insulin was measured in 83.3%
(50/60) of cases, with a median level of 36.2 uIlU/mL (IQR: 68,
range: 2-963). The first reported data on blood insulin levels was

in 1978 by Atkinson et al.l'>) Serum C-peptide data was available
in 76.7% (46/60) of cases, with a median level of 5.7 ng/mL
(IQR: 5.7, range: 0.8-37.2). Serum C-peptide level was initially
reported in 1993 by Kane et al.”’ and Grunberger et al.['%
Proinsulin was measured in only 11.7% (7/60) of patients, with
a median of 99.9 pmol/L (IQR: 315, range: 7.7-2500 pmol/L).
Serum P-hydroxybutyrate was measured in 13.3% (8/60) of
cases. Data about sulfonylurea screening (from blood or urine
samples) was present in only 38.3% (23/60) of cases.

With regards to imaging, at least one imaging method (abdominal
ultrasonography - AUS, endoscopic ultrasonography - EUS,

Table 2: Comparison between patients with diabetes harboring benign vs malignant insulinoma

Characteristics Benign insulinoma Malignant insulinoma P
Age (Years) (mean+SD) 64+16 68+32 0.437
Sex

Male/Female (%) 17/23 (42.5/57.5) 11/9 (55/45) 0.360
Diabetes type

T1D/T2D (%) 4/36 (10/90) 3/17 (15/85) 0.887
Diabetes duration (months) (median+IQR) 6+15 12+14 0.084
Hypoglycemia duration (months) (median+IQR) 8+26 4.5+19.8 0.332
Serum insulin (uIU/mL) (median+IQR) 32+40 61+73 0.214
Serum C-peptide (ng/mL) (median+IQR) 5.145.8 7.9+4.5 0.345
Maximum tumor dimension (cm) (median=IQR) 2+0.8 5+4.3 <0.001*
Multi-focality of pancreatic insulinoma (%) 3(7.5) 5(25) 0.140
Unfavorable prognosis (%) 5(13.2) 9 (45) 0.007*

[Keys: T1D- type-1 diabetes, T2D- type-2 diabetes, SD- standard deviation, IQR- interquartile range, *P<0.05 has been considered as statistically

significant)]

Table 3: Patients with diabetes and insulinoma stratified according to their prognosis

Characteristics Favorable prognosis Unfavorable prognosis P
Age (Years) (mean+SD) 63.5+18.3 69.5+£19.3 0.131
Sex

Male/Female (%) 19/25 (43.2/56.8) 9/5 (64.3/35.7) 0.169
Diabetes type

T1D/T2D (%) 5/39 (11.4/88.6) 2/12 (14.3/85.7) 1
Diabetes duration (months) (median+IQR) 8+15 1112 0.4
Hypoglycemia duration (months) (median+IQR) 8+21 2+31 0.079
Co-morbidity

Obesity and overweight (%) 24 (54.5) 2(14.3) 0.020%*

Hypertension (%) 14 (31.8) 4(14) 0.332

Others (%) 15 (34.1) 11 (78.6) 0.009*
Micro-angiopathic complications (%) 8(18.2) 7 (50) 0.018*
Macro-angiopathic complications (%) 2 (4.6) 4 (28.6) 0.039*
Lowest glucose (mg/dL) (median+IQR) 30+13 31£13 0.738
Highest glucose (mg/dL) (median+IQR) 157+114 240+151 0.582
Difference glucose (mg/dL) (median+IQR) 134+121 212+119 0.468
HbAlc (NGSP %) (mean+SD) 5.3+1.8 5.8+1.8 0.392
Serum insulin (u[U/mL) (median+IQR) 34+73.1 66.2+40.2 0.718
Serum C-peptide (ng/mL) (median+IQR) 5.74£5.6 7.9+4.4 0.719
Maximum tumor dimension (cm) (median+IQR) 242.2 2.843.6 0.488
Multi-focality of pancreatic insulinoma (%) 3(7.5) 5(25) 0.140
Malignant insulinoma (%) 11 (25) 9 (64.29) 0.007*

[Keys: T1D- type-1 diabetes, T2D- type-2 diabetes, SD- standard deviation, IQR- interquartile range, HbA1c- glycated hemoglobin, NGSP- National
Glycohemoglobin Standardisation Programme, *P<0.05 has been considered as statistically significant)]
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computed tomography - CT, magnetic resonance imaging - MRI)
was used in 88.3% (53/60) of cases. Imaging data was scarce
in cases reported before 1993,51% when the diagnosis of
insulinoma used to be primarily made by autopsy or biopsy
from surgical specimens. Before 1993, imaging data were
available in only one case published in 1970.7 AUS, EUS,
CT, MRI, and nuclear scan were performed in 22.6% (12/53),
15.1%(8/53),26.4% (14/53), 24.5% (13/53), and 24.5% (13/53)
of cases, respectively. Invasive imaging to localise pancreatic
insulinoma, such as the selective arterial calcium stimulation
test (SACST), was performed in only 11.3% (6/53) of cases.

Insulinoma characteristics revealed a median size of 2 cm
(IQR: 0.77), ranging from 0.011 to 13 cm. Among the
60 cases, the tumour location was mentioned in 58 cases.
Of these, 94.8% (55/58) were in the pancreas, while 5.2%
(3/58) were extra-pancreatic (1 in the liver,[' 1 at the
splenic hilum,'” and another in the vermiform appendix").
Among pancreatic insulinomas, 14.5% (8/55) were multi-
focal. Among unifocal pancreatic insulinomas, the majority
(23/47, 48.9%) were located at the tail, followed by the
head and uncinate process (15/47, 31.9%), the body (5/47,
10.6%), and the junction of the body and tail (4/47, 8.5%).
Only 50% of all cases (30/60) mentioned data regarding
immunohistochemistry to identify insulin antigens in the
histopathological specimen. Of these, 80% (24/30) tested
positive. One-third (20/60) of insulinomas were malignant,
with the liver being the most common site of metastasis
(85%, 17/20). Among the different variables, greater tumour
dimension was statistically significantly associated with more
risk for malignancy (P < 0.001) [Table 2].

The management of insulinoma in the reviewed cases
revealed that 8.3% (5/60) of patients received no definitive
therapy. Among them, insulinoma was detected only through
autopsy studies in three patients.!'*?1One patient died before
receiving any treatment,”?and another patient was discharged
after refusing surgery.?! Surgical resection was the primary
intervention in the majority (70.9%, 39/55), while 40% (22/55)
of patients received drug therapy. Among these cases, 58.2%
(32/55) received only surgical intervention, 25.5% (14/55)
received only drug therapy, and 12.7% (7/55) received both
surgical and medical therapies. Diazoxide was the most
frequently used drug (72.7%, 16/22), followed by somatostatin
analogues (59.1%, 13/22), glucocorticoids (22.7%, 5/22),
chemotherapy (18.2%, 4/22), and streptozocin (13.6%, 3/22).
Nuclear therapy,* glucagon,!'” corn starch, and acarbosel*!
were each utilised in one patient (4.5%, 1/22). More than one
drug was administered in 63.6% (14 cases). Interventional
radiological procedures were employed in two cases (3.6%,
2/55) — one with radiofrequency ablation,!"!and another with
hepatic artery chemoembolization. !

Post-insulinoma treatment anti-diabetic regimen information
revealed that 25 patients either did not require OADs (including
those with an unfavourable prognosis) or information about
their regimen was not mentioned. Among the remaining

35 patients, 31.4% (11/35) required only oral OADs, 62.9%
(22/35) needed only insulin, and 5.7% (2/35) required both.

Regarding weight changes, there was no mention of weight
change (gain, loss, or unchanged) before and after treatment in
55% (33/60) and 76.7% (46/60) of cases, respectively. Among
the patients with available data on weight, 66.7% (18/27) had
a history of weight gain before presentation, while 11.11%
(3/27) experienced weight loss and 22.22% (6/27) reported
no change in weight. Of the 14 patients with available data
on post-treatment weight change, 21.4% (3/14) gained weight,
while 78.6% (11/14) experienced weight loss.

Prognostic information for 58 patients indicated that
24.1% (14/58) had a poor outcome, while 75.9% (44/58)
had a favourable prognosis. Interestingly, 20.7% (12/58)
of patients died due to complications of insulinoma or its
management. A malignant insulinoma (P = 0.007), micro-
angiopathic (P =0.018), and macro-angiopathic complications
(P = 0.039), and other co-morbidities (P = 0.009) were
significantly associated with unfavourable prognosis, while
being overweight and obese (P = 0.020) at presentation was
significantly associated with favourable prognosis. On the
contrary, there was a trend that greater age, male sex, longer
duration of diabetes, shorter duration of hypoglycaemic
symptoms, greater HbA 1¢, and multi-focality of the pancreatic
tumour were associated with a poorer prognosis, but it did not
achieve statistical significance. In addition, greater tumour
dimension, serum insulin, and C-peptide levels were unable
to predict prognosis [Table 3].

Discussion

In English medical literature, the first documented case of a
functioning insulinoma in a patient with diabetes was reported
by Van der Sar ef al. in 1956.2" Diagnosing insulinoma in
the context of diabetes poses a challenging clinical task.
Although the case described by Sandler et al.®! in 1975 was
more suggestive of adult-onset nesidioblastosis, the criteria
proposed by him remain relevant for diagnosing EHH in
patients with diabetes. These criteria include (1) occurrence of
fasting hypoglycaemia in a patient with documented diabetes
mellitus, (2) ruling out exogenous insulin administration, (3)
biochemical evidence of endogenous hyperinsulinemia, (4)
exclusion of other causes of fasting hypoglycaemia, and (5)
reversal of hypoglycaemia by resecting an islet cell tumour or
performing partial pancreatectomy.

Until the late 1970s, most cases used to be diagnosed during
autopsy studies due to the lack of insulin and C-peptide assays
in clinical settings and the absence of sensitive imaging
modalities to localise the tumour.['3!31721.27-2) Improvement
in glycaemic control despite progressive weight gain, even
after discontinuation of insulin or insulin secretagogues,
might serve as a clinical clue that a patient with diabetes is
harbouring an insulinoma.**However, malignant insulinomas
may be associated with weight loss.[! The diagnosis of
EHH is further complicated by the frequent occurrence of
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common co-morbidities capable of causing hypoglycaemia,
such as nephropathy.B®'! In addition, it may be challenging to
detect spontaneous hypoglycaemia early among patients with
diabetes due to co-existing autonomic neuropathy, leading to
a delayed diagnosis.?! Furthermore, the diagnosis of EHH in
diabetes becomes difficult as fasting hypoglycaemia can often
be accompanied by post-prandial glycaemic excursions.?3334
Sapountzi et al.? first used a continuous glucose monitoring
system (CGMY) in this context. CGMS could be a reliable,
safe, and non-invasive method to investigate unusual causes
of hypoglycaemia in diabetes. Tumour localisation by imaging
sometimes becomes challenging as patients with pre-existing,
long-standing diabetes usually have an atrophic pancreas
resulting from the progressive decline of -cell mass.*

The first report of insulinoma in association with T1D was
presented by Svartberg et al.!® Bertheau et al.P” reported
the initial case of proinsulinoma developing in a patient
with pre-existing T1D. There are documented instances of
the revelation of pre-existing T1D only after insulinoma
resection.4 Establishing that a patient with insulinoma
already had underlying T2D is more challenging. Authors cited
the following reasons in support of the claim that their patients
already had T2D, which was masked due to the concurrent
presence of insulinoma: (1) selective removal of insulinoma by
wedge resection of the tumour was unlikely to cause permanent
diabetes; (2) post-operative serum insulin and C-peptide
levels were well within a range that should have maintained
euglycemia in the absence of insulin resistance; (3) these
patients were already clinically insulin-resistant (evidenced
by obesity and the presence of acanthosis) and biochemically
insulin-resistant; and (4) glycaemic control was achieved with
insulin sensitisers only.?** However, in the current analysis
of all the reported cases most patients (68.6%) required
insulin therapy after their insulinoma surgery. This does not
necessarily indicate damage to the B-cell during surgery but
is indicative of an already exhausted B-cell reserve in T1D or
long-standing T2D. Moreover, after successful insulinoma
resection, patients typically experience considerable weight
loss, which reduces insulin resistance, making diabetes
management easier.

There are significant differences and similarities between
insulinomas in individuals with diabetes and those in the
non-diabetic population. In alignment with the findings from
the current systematic review, the incidence of insulinoma
generally peaks around the 5%-6" decade, with a slight female
predominance.*!! Extra-pancreatic or ectopic insulinomas
appear to be more common in patients with diabetes (5.2%
as revealed in the current analysis) compared to the general
population (1%-2%) reported elsewhere.*>*1 Typically,
insulinomas are almost equally distributed in various parts of
the pancreas,** but among patients with diabetes, around
half of the tumours were localised in the tail. Multi-focality
is more frequent in diabetes than in the general population
(14.3% vs 10%).[4 In contrast to sporadic insulinoma cases,
which are usually smaller in diameter (<2 cm),"* insulinomas

associated with diabetes tend to be larger. Similarly, 33.3%
of cases of diabetes-associated insulinomas are malignant, a
figure more than three times greater than multiple endocrine
neoplasia-1-associated insulinomas.“**” Diagnostic delay is
the most plausible explanation for larger tumour size and high
incidence of malignancy or aggressiveness.”! Not surprisingly,
in this systematic review, larger tumour size is significantly
associated with a higher risk of malignancy, and the latter,
in turn, carries a poorer prognosis in diabetes-associated
insulinomas, findings similar to previous large insulinoma
registries.*¥4 Although diabetes is an established risk factor
for poor surgical outcomes, there is a limited study evaluating
the impact of diabetic angiopathies on the same. Birch
et al.P% have shown that patients with diabetic angiopathic
complications experience a significantly poorer outcome
than those without it. Findings from the current review also
resonate with this fact.

From a handful of sporadic case reports, it remains
challenging to discern whether the association between
insulinoma and diabetes is causal or coincidental.
Despite the rarity of insulinoma among patients with
diabetes, a notable portion of insulinoma cases exhibit
a family history of diabetes. For instance, in the Mayo
Clinic series, approximately 30% of insulinoma patients
had a familial history of diabetes.[’ This observation
has led to the proposition of inherent insulin resistance
and subsequent hyperinsulinism as a shared underlying
pathogenic mechanism for both diabetes and insulinoma."!
The emergence of hyperinsulinism, whether due to insulin
resistance, sulfonylurea therapy, or exogenous insulin
administration, has been speculated to stimulate p-cell
proliferation.?®>** Supporting this hypothesis, studies such
as that by Beith ef a/.’* have demonstrated that insulin can
induce B-cell proliferation via the Raf-1 kinase pathway
in rodent models. However, it remains uncertain whether
a similar mechanism applies to insulinoma formation in
humans, given the substantial difference between rodent
and human islets. Research efforts, including the work by
lacovazzo et al.," have explored the genetic underpinnings
linking these seemingly disparate conditions. Mutations
such as the p.Ser64Phe mutation in MAFA, recurrent
somatic T372R mutation in Yin and Yang 1 protein, and
insulin-like growth factor-2 overexpression, along with
factors such as aging and obesity, have been identified as
common risk factors for both insulinoma and diabetes.’*%>"!

The mechanism underlying insulinoma formation in T1D
patients may involve pluripotency.?***% Siraj et al.5* proposed
that surviving non-f islet cells containing the proinsulin gene
could undergo neoplastic transformation, leading to insulin or
proinsulin secretion. Histopathological examination typically
reveals insulinoma lesions infiltrated by inflammatory cells
alongside insulitis in non-tumorous pancreatic tissue in these
patients.’) However, the mechanism by which insulinoma cells
evade autoimmune attacks in T1D remains unclear.”
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There were several limitations in this current study. In
many cases, there was a lack of complete data, and critical
sample analysis and exclusion of other causes of endogenous
hyperinsulinism were not possible, especially in cases before
the 1990s. In addition, imaging data were scarce in older
reports, and sulfonylurea screening was not performed in
many cases. Despite these apparent limitations, this is the
first systematic review conducted on this rare topic, providing
valuable insights into the natural history of this rare and
complex clinical scenario.

ConcLusIoN

In the pursuit of a comprehensive systematic analysis of
the previously reported cases of insulinoma in diabetes in
English literature, the current study analysed the demography,
presenting clinical, biochemical, and radiological features,
treatment received, and prognosis. The possible pathogenesis
of this seemingly contrasting manifestation of glucose
metabolism has also been discussed. The results demonstrated
that insulinoma in diabetes was frequently associated with
larger tumour size, multi-focality, extra-pancreatic tumours,
and malignancy. The overall prognosis of insulinoma in
patients with diabetes seemed to be poorer than reported in the
general population. Malignant insulinoma, diabetic micro- and
macro-angiopathic complications, and other co-morbidities
were significantly associated with unfavourable prognosis.
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