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Lung (n = 50) Pancreas (n = 35)

Age at diagnosis (years) Median (range) 42 (19-77) 37 (14-67)
Mean + SD 43 £ 143 40 £ 13.9
Diagnostic delay (years) Median (range) 8 (2-22) 6 (2-19)
Mean + SD 856 71+48
Tumor size (cm) Median (range) 5.9 (1.2-10) 6 (1-25)
Mean + SD 55+25 6.7+5
Hyperprolactinemia (%) 30% 57%
Other hormones (%)* Serum elevated levels 42% 69%
Immunohistochemistry 8% 40%
Metastases (%) 42% 37%
MEN 1 syndrome 0 18
Remission (full or partial) (%) 78% 69%
Survival rate (%) 94% 86%

*Other hormones include: adrenaline, adrenocorticotropic hormone (ACTH), calcitonin, cortisol, follicle-stimulating hormone (FSH), glucagon, gastrin, insulin, luteinizing hormone (LH),
noradrenaline, pancreatic polypeptide (PP), parathormone (PTH), serotonin, somatostatin, thyroid-stimulating hormone (TSH), triiodothyronine (T3) and thyroxine (T4), vasoactive intestinal

peptide (VIP).
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GHRH plasma concentration 84 66.1%
Histopathological confirmation of GHRH production 99 78%
Both methods 53 41.7%
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n Mean + SD Median (range)
GHRH (ng/L) 81 8,965 + 19,547 1,273 (60.1-145,000)
GH (ng/mL) Basal 94 542 +83.7 29.6 (1.7-488)
OGTT Nadir 66 43.1 £ 60.6 25.4 (0.1-323)
Maximum value in TRH test 31 178 £ 272 66.5 (6.9-1,264)
Post GHRH test 7 33.2+21.9 33.2 (17.7-487)
IGF-1* 84 27+15 2.4 (1-11.79)

*expressed as patient’s IGF-1 value/ULN (upper limit of normal).
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Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Author Timothy Miller ~ H. Dobnig (6) David Beddy N. Perakakis (8) Chakra Ashley B. Elzbieta Moszczynska
(5) (W] Diwaker (9) Grossman (10) (11)
Year published 1971 1996 2010 2011 2019 1986 2021
Nation USA Germany USA Germany India UK Poland
Sex Female Female Female Female Female Female Female
Age atonset 35 33 23 31 22 24 15
Age at surgery 36 / 23 32 / 44 17
of
appendectomy
Weight gain + + + + / + +
Cushingoid + + + + / + +
features
Menstrual + + - + Vs + +
disorder
Hirsutism or = *: * # / * *
acne
Hypertension — + - + - / - -
Diabetes - - - + / - -
Hypokalemia  + - - - / + +
Osteoporosis ~ + + - - / - -
Urolithiasis - - - = / - -
Others Emotional Swelling Weakness Constipation, chronic / Edema Sinus bradycardia
instability abdominal pain
24-h UFC / / 1,663 ug (3.5- Elevated / / /
45)
Serum cortisol 10 (5-20) 629 nmol/L (138- 31 pg/dl (7-25) 73 ug/dl / >2,000 nmol/l 47.1 pg/di
689)
ACTH / 6.4 pmol/L 22- / 182 pg/ml 8 pmol/L (0-  48~204 pg/l 182
11) 10)
Periodic Not mention Not mention Not mention Not mention Not mention + + (every 1-2 months)
secretion
LDDST Not suppressed / Not Not suppressed Not Not suppressed /
suppressed suppressed
HDDST + Suppressed more than 50% / Suppressed less Suppressed less than
than 50% 50%
CRH testing i1 No response 4 No response ¢ No response Contradictory
IPSS / 0.8 No gradient Not success 1.3:1 Not success /
Pituitary MRI + = = - - +
Abdominal CT / - 2 cm mass - Asmall lesion - 2.4-cm abnormal density
medial to the from the in the appendix region
cecum appendix or
cecal
mesentery
Octreotide / / / e / = /
scan
Fu-PET-CT / / 2-cm mass - / / /
medial to the
cecum
DOPA-PET- / / / 1.8 x 1.1 cm mass in the 1.0x1.2x / Increased radiotracer
CT/°™Te terminal ileumn 1.9om uptake in the appendix
HYNIC-TATE (SUVmax, 9.5)
in the
appendix
Colonoscopy  / - Submucosal - / - /
mass in the
cecum
Treatment Abdominal Appendectomy +  Right Appendectomy Laparoscopic  Adrenolytic therapy  Laparoscopic
exploration + right-sided hemicolectomy 1 year later operated right appendectomy  trans-sphenoidal appendectomy
appendectomy + hemicolectomy hemicolectomy surgery Right-sided
adrenalectomy and Bilateral hemicolectomy
lymphadenectomy adrenalectomy
appendectomy with
en bloc resection of
the adherent
mesentery
Pathology Appendiceal Infiltrating ACTH- Appendiceal neuroendocrine  ACTH- Carcinoid tumor Moderately differentiated
examination carcinoid carcinoid tumor producing tumor infiltration of the secreting with metastases to  NET G2, with metastasis
without invasion carcinoid submucosal and subserosa  appendicular  mesenteric and of peritoneum,
tumor of the of the pericolic fat and carcinoid local nodes mesentery, greater
appendix vascular invasion (G1) omentum, lymph nodes
Histological Positive ACTH (+) Chromogranin ~ ACTH (+) / ACTH (-) Chromogranin A (+)
examination argentaffinoma  Neuron-specific (+) Chromogranin (+) Pro- Synaptophysin (+)
reaction enolase (+) Synaptophysin opiomelanocortin (-)
Chromogranin (+)  (+)
ACTH (+)
Follow-up Remission Remission Remission Remission Remission / Remission

Recurrence in 7 years

UFC, urinary free cortisol; ACTH, adrenocorticotropic hormone; LDDST, low-dose dexamethasone suppression test; HDDST, high-dose dexamethasone suppression test; CRH,
corticotropin-releasing hormone; IPSS, inferior petrosal sinus sampling.
+, the patient had this symptom; —, patient did not have this symptom; /, this result was not mentioned in the report.
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n

%

Female (F)
Male (M)

Age (years) (1=127)

Age F (years) (1=89)

Age M (years) (n=38)
Duration (years) (n=68)
Duration F (years) (n=46)
Duration M (years) (1=22)

89
38
Mean = SD
43.25 +14.7
43.9 £ 14.6
41.65 + 156.1
74+£55
6.2+43
99+6.8

70.1%
29.9%
Median (range)
42 (14-77)
43 (15-77)
41.5(14-74)
6(1-22)
5(1-22)

8.5 (2-20)
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Tumor site (n = 127)

Intracranial (n = 27)
Sellar region
Extracranial (n = 100)
Lung (n = 50)

Pancreas
Gastrointestinal tract
Adrenal gland
Thymus

Liver

Mediastinum
Retroperitoneum
Unidentified

Typical bronchial carcinoid
Atypical bronchial carcinoid
Other

Lack of histopathological examination

N = = =W o

%

100%

43%
4%
2%
1%

35%
5%
3%
2%
1%
1%
1%
2%
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Time

Before surgery
Postoperative day 1

4 months after surgery
10 months after surgery
15 months after surgery
15 months after surgery

ACTH (pg/ml) (RR: 0-46)

Serum cortisol (ug/dl) (RR: 4-22.3)

8am.

182
25.61
131
10.4
25
19.8

4 p.m.

57.36
68.82

13.6
91.8
65.1

Midnight

56.55

8am.

346.4*
684.5"
8.3
472%
24.1
25.2

4 p.m.

764.2*
1158*

717.5*
52.15
53.88

Midnight
719.9*
720.1%

16.34
/

24-h UFC (ug)(RR: 12.3-103.5)

455.7-1115.4
104.4

615.7

The rhythm of serum cortisol and ACTH in this patient.

ACTH, adrenocorticotropic hormone; UFC, urinary free cortisol.

*The unit of serum cortisol is nmol/L; reference range (RR) is 133~537.
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Monitoring of serum cortisol for 18 h (ug/dl)

6 a.m. 8am.* 10 am. Noon* 2p.m. 4 p.m. 6 p.m.* 8 p.m. 10 p.m. Midnight
14.6 40.1 45.6 4 31.3 26.4 42.5 34.8 221 16.34
Peripheral desmopressin stimulation test

0 min 15 min 30 min 45 min 60 min 90 min 120 min
ACTH 19.4 23.7 17.9 16.7 135 1.9 36.0
(pg/mi)
Serum cortisol (ug/dl) 10.3 21.2 21.9 18.2 16.6 14.8 24.4
Inferior petrosal sinus sampling and desmopressin test (ACTH: pg/ml)
Time Periphery Left inferior petrosal sinus Right inferior petrosal sinus Left internal carotid Right internal carotid Central/peripheral
0 min 16.5 19.4 20.5 19.8 20.1 1.24
3 min 27.2 41.6 455 1.67
5 min 32.0 48.1 48.8 1.53
10 min 427 57.2 57.2 1.34

ACTH, adrenocorticotropic hormone.
*The patient just finished food intake.
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Biochemical and hormonal tests, radiological features, and Biochemical and hormonal tests, radiological features and,
pathological findings at the first surgery (enucleation). pathological findings at the hypoglycemia recurrence eight months
after when distal pancreatectomy was provided.
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26 80 45 37 40 38 70 45 15 119 75

Glucose
(mg/dL)
Cpeptide _ ~ 23 25 36 6.3 26 36 3.69 1.32
ng/dL
2l 15 7 14.9 14 6.9 15 146 26.4 296 7.9 9
(rU/mL)
) Ablation of
Hepatic retroperitoneal
Enucleation transplant tumor
1999 2008 2010 2019 2021 2022 2023
Enucleation Duodenopancreatectomy Total Hypoglycemia Sporadic fasting
pancrea\tec(omy recur/rence hYPtSIYCCmij'
Longer period without No response to: Partial remission Remission of Asymptomatic /
hypoglycemia: 5 years * Octreotide lar of hypoglycemia: hypoglycemia controlled with
+ Diazoxide + Only after fasting (12 h) after ablation: diet
+ Chemotherapy + Controlled with diet 18 months

* Hepatic embolization

Follow-up: 25 years
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Progression

Control

; Test and
Variables group group b value
(n=18) (n=33)
Z=-1.898**
Age (year) 64.10 £ 9.46 55.56 + 12.21 p=0.030;
p=0.007"
Non-
functional 6 25 1= 7.892
tumors 009
! 014"
Functional 12 3
tumors
Female 11 15 $P= 0.759%
Male 7 18 p20.05
GEP-NET 7 20
Lung-NET 6 5 2= 1357
p>0.05
Unknown
: B 5 8
primary origin
NET G1 9 5
B o
NET G2 7 16 %= 1420
p>0.05
NET G3 2 12
Hynic-TOC
Krenning 14 5
score <3 X2= 1.820%
Hynic-TOC p=0.403
Krenning 4 28
score 3
Capecitabine-
Temozolomide i 8 x’=0.759%
Chemotherapy p>0.05
before PRRT
t=0.394*
i + +
Ki-67 (%) 19.32 £ 14.55 17.16 + 8.90 >0.05
RDW (%)
(red cell t=-0.196*
. 15.16 £ 1.99 14.98 £2.23
distribution p>0.05
width)
Erythrocytes t=0.020*
4.36 £ 0.55 4.35 + 0.66
(10'%/1) p>0.05
o
WEC (1071) =0.347*
(white blood 6.81 + 1,89 7.1+£275
p>0.05
cell count)
Absolute Z=2.110"*
neutrophil count 5.09 +2.34 3.25+1.20 p=0.044;
(10°/L) p=0.021"
Absolute
t=-0.781*
lymphocyte 1.60 + 0.81 1.98 + 118 005
| count (10°/L) P
NL
(neRtro hil =2397
o 4.66 + 4.16 1.78 + 1.08 p=0.024;
lymphocyte “
. p=0.028
ratio)
Absolute
t=-0.495*
monocyte count 0.73 £ 047 0.64 + 0.46 50.05
(10°/L) i
5 t=-0.111*
Platelets (10°/L) 231.22 £ 66.91 228.17 £ 76.51
p>0.05
IRT temi
SIRI (systemic =0.589*
inflammation 4.85 + 8.38 1i52 +:2122
) p =0,058
response index)
PLR (platelet- 0BT
lymphocyte 22662 25996 | 108.40 + 73.93 -
: p>0.05
ratio)
=-0.370*
MPV (IU/L) 9.81 £0.74 9.59 + 1.61
p>0.05
t=2.117*
CRP (mg/L) 11.84 £9.27 336 £ 3.14 p=0.044;
p=0.040"
t=2.607*
CRP/Alb 0.34+£0.23 0.12 £ 0.09 .017;
.049"
t=0.769*
Albumin (g/L) 41.36 + 444 42.77 £ 4.30 769
p>0.05

Data represent the mean value + 1 standard deviation.

*Student’s t-test for independent samples.

2 test.

“**Mann-Whitney U test.

Benjamini-Hochberg method of correction of unadjusted p values.
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Variables Odds ratio(95% Cl) P value

Age (year) 1.191 (0.930-1.525) p=0.027
Functional tumors 181.56 (0,081-404833,98) p<0.001
| Absolute neutrophil count 7.993 (0.011-6076.18) p=0.566
NLR (10°/L) 0.327 (0.006-16.844) p=0.811
ALT (IU/L) 1.770 (0.445-1.334) p=0.046
CRP (mg/L) 1.760 (0.374-1.544) p=0.005

CRP/Albumin 46.518 (0.000-5.634) p=0.834
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Imaging (n = 18)

Adenoma

Unclear lesion

Enlargement

Histopathology (n = 27)

Mixed gangliocytoma-pituitary adenoma
Gangliocytoma

Adenoma

Lymphoma with somatotroph hyperplasia
Normal

66.7%
27.8%
5.5%

77.8%
11.1%
3.7%
3.7%
3.7%
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Imaging (n = 96)
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Histopathology (n = 29)
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Reference ~ Case

Sex

Age

Recurrent hypogly-
cemia after
first surgery

Number
of
surgeries

Biochemical/
hormonal
data

Fasting
hypoglycemia

Malignancy

Proinsulinomatosis

Other onco-
logic
treatments

8Ga-
DOTATATE
PET/CT

Last surgery.

2
3
1
5
6
Anluf
(2009) (8) 7
8
9
10
1
12
13
14
15
lacovazzo | 1©
(22 17
18
19
Snaith
(2020 20
an?
Mintziras
(2021)* 21
23)
Anoshkin
conen | 2
| Tartagha
comyes | P
u
2
Lourenso |,
(023)°
27

17

2

2

32

37

40

43

45

9

50

57

56

59

17

48

61

47

51

20

40

8

60

a1

52

9

40

2

Yes

Yes

NA

Yes

Yes

Yes

NA

Yes

Yes

Yes

Yes

Yes

Yes

Yes

PP, partial pancreatectomy; TP, total pancreatectomy; RFA, radiofrequency ablation.

*Age at diagnosis.

"Poor or partial responses or intolerance to somatostatin analogs or everolimus.

“Nine sporadic cases were genetically investigated by lacovazzo et al. (three of them had been clinically reported by Anluf et al. (8), and they were negative for germline and somatic MAFA mutations.

“Six additional cases whose genetic testing was negative for germline MAFA mutations.
“Performed during follow-up in one of the episodes of hypoglycemia recurrence after the first surgery.

‘Highly responsive to a somatostatin analog.

“Positive mixed meal test.
NA: st iviable:

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Yes

Yes

Yes
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Yes
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Yes

Yes

Yes
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Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

No

No

No

No

Yes

Octreotide”

Octreotide”
Everolimus”

Octreotide’

Octreotide”

Octreotide”

Negative®

Positive

Negative®

Positive

Inconclusive

Inconclusive®

PP

PP

Enucleation

Enucleation

PP

Enucleation

PP

13

PP

PP

PP

PP

PP

Enucleation

PP

PP

PP

PP

PP

Enucleation

Enucleation

PP

PP

Enucleation

Enucleation

PP

Enucleation

Enucleation

PP
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Lymphadenectomy +

Wedge
resection (liver)

No
- (autopsy)

Whipple

PP

1

PP

PP

PP
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Hepatic transplant
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Age at

the last

medical
care

Case Sex Age

1 F 52 54
2 F 49 61
3 F 40 43
14 F 2 47

PET, prolonged fasting test; SU, sulfonylurea screen;
‘Age at admission.

"Exams at admission.

Postprandial hypoglycemia.

Clinical and biochemical findings

Follow-
up
time
(years)

Fasting

hypoglycemia S/mpiatns

Palpitations
Sweating
Dizziness

2 Yes

Sweating
Palpitations
Tremors
(after meals or
exercise)

4 kg weight gain

12 Not

Disorientation
Mental confusion
Convulsive
episodes during
the dawn (2)

3 Yes

Sweating
Palpitations
Feclings of

faintness (after
periods of
prolonged fasting)
“Tonic~clonic
seizures (2)

25 Yes

MMT, mixed meal test; -HB, B-hydroxybutyrate.

History of
RYDEomEtR Fasting test
tote Biochemical/hormonal  Malignancy
hypoglycemia data®
diagnosis
(years)
1 Glucose = 37 mg/dL
Insulin = 134 WUl/mL.
C-peptide = 2.7 ng/dL No
Ketonemia = negative
SU = negative

PFT (65 h]
4 MMT (60 mi
(Figure 1)

egative
positive No

PET (14 h) = positive
Glucose = 42 mg/dL
Insulin = 8.1 WUI/mL
Proinsulin = 12.4 pmol/L. No
C-peptide = 225 ng/dl
B-HB < 0.1 mmol/L
SU = negative

3 (months)

26 mg/dL.
15 uUl/mL
B-HB < 0.1 nmol/L

(Figure 2)

Yes

Longer
hypoglycemia-
free
time (months)

18

132

15

60

Recurrent
hypoglycemia
after last
medical care

Yes

Yes





