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Abstract: We report 2 cases of familial multiple endocrine neoplasia
type 1 syndrome (MEN 1) in related Malaysian Chinese individuals: the
son had simultaneous primary lesions in the pancreatic tail, parathyroid,
adrenal gland, and hypophysis, with metastatic tumors in the left lung,
mediastinum and spine; his mother had simultaneous primary lesions in
the pancreatic head, parathyroid, and hypophysis, with metastatic tumors
in the liver, spine, ilium, chest wall, and rib. Genetic testing of the 2
patients showed the same mutation in exon 9 of MENI (c.1288G>T,
Glu430, encoding a stop codon). The tumors with the poorest prognosis
and clinical sequelae were in the pancreas of both patients, and these were
treated by percutaneous cryoablation. The number of hypoglycemic
episodes in the son improved for more than 120 days, and the abdominal
space occupying lesion resolved in his mother.
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ince the first case report of multiple endocrine tumors in

1903 by Erdheim, the definition of this disease has been
debated. In 1968, Steiner introduced the term multiple endo-
crine neoplasia (MEN) to describe disorders that featured com-
binations of endocrine tumors. This disease was then divided
into Wermer syndrome (MEN 1) and Sipple syndrome (MEN 2).
Multiple endocrine neoplasia type 1 syndrome is now known to
be an autosomal inherited disease, which is diagnosed on the
basis of tumors located in at least 2 of the 3 main MEN 1-related
endocrine glands: the parathyroids, enteropancreatic tissue, and
pituitary gland. In 2001, Crabtree et al' confirmed a direct cor-
relation between the MENI gene and MEN 1 with the use of a
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mouse knockout model. Carney proposed the diagnostic criteria
for familial MEN 1 in 2005,? played an instrumental role in dis-
cerning the screening of this disease®* and the selection of ap-
propriate therapies. At present, some patients who have minimal
symptoms can be cured by surgery,>” arterial chemoemboliza-
tion® or the combined application of both methods,” or combined
treatments with hormones and surgery.!” The quality of life of
affected patients can be alleviated significantly by these methods,
but those patients with MEN 1 who have widespread metastases
cannot undergo surgery, chemotherapy, and radiotherapy and cur-
rently lack a criterion standard therapy. In this study, percutane-
ous cryosurgeries with an argon-helium cryogenic system under
the guidance of B ultrasound (USB) or computed tomography
(CT) imaging were applied to alleviate 2 members of a family
with MEN 1 who had widespread metastases.

MATERIALS AND METHODS

Case 1

A 23-year-old man of Malaysian Chinese origin was re-
ferred to our hospital on June 9, 2011 with a history of obviously
decreased physical strength and multiple hypoglycemic comas.
The patient was obese (body mass index [BMI], 31.14 kg/m?),
with a poor mental state and occasionally dyspneic. Fasting
blood glucose varied from 1.2 to 2.2 mmol/L (reference range,
3.9-6.1 mmol/L); serum fasting C peptide was 21.8 ng/mL
(reference range, 1.1-4.4 ng/mL), insulin was 109.5 pU/mL (ref-
erence range, 2.6-24.9 wU/mL), pituitary prolactin was 34.7 ng/mL
(reference range, 2.1-17.7 ng/mL), thyroid-stimulating hor-
mone was 30.7 wIU/L (reference range, 0.3—4.2 wIU/L), and his
parathyroid hormone level was 12.4 pmol/L (reference range,
1.30-6.80 pmol/L), which were all significantly higher than
their normal ranges. The levels of gastrin, calcitonin, CA19-9,
and adrenal gland and thyroid-associated hormones were all
in the normal ranges; serum ionized calcium was increased
(1.43 mmol/L; reference range, 1.1-1.34 mmol/L), whereas
phosphate levels were decreased (0.47 mmol/L; reference
range, 0.81-1.62 mmol/L).

Chest and abdominal CT scans revealed a pancreatic tail
tumor (3.4 x 3.4 cm; Fig. 1A), a huge left frontal mediastinal
lymph node metastasis (5.4 x 4.7 cm), and metastases to the left
adrenal gland (1 x 1 cm), lung, pelvis and spine, without visible
tumors in the pituitary hypophysis or thyroid. Pancreatic tumor
biopsies were performed under the guidance of CT scans, and
immunochemical analysis demonstrated that the tumors were
positive for synaptophysin, chromgranin A, carcinoembryonic
antigen, and Ki67 but negative for cytokaratin, vimentin, and
S100 protein (Fig. 1B). This led to the diagnosis of a pancreatic
neuroendocrine tumor (panNET).

As a result of the pancreatic tail panNET, high levels of
insulin and C peptide and low blood glucose levels, the patient’s
condition was diagnosed as insulinoma. To confirm whether the
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FIGURE 1. Main differential diagnosis of the son. A, Computed tomographic scanning of the abdomen; the red arrow shows the tumor in
the pancreatic tail. B, panNET-associated immunochemical analysis for the pancreatic tail tumor; the brown-dyed cells are positive for
different indexes, and all nuclei are dyed by hematoxylin. C, Mutation analysis of the MENT gene; the black arrow shows the twin

peaks showing the mutation at exon 9.

patient had MEN 1, a peripheral blood sample was collected for
the genotyping of MENI. Ten exons of the MENI gene were
amplified, and a ¢.1288C>T heterozygous mutation (Glu430;
Fig. 1C) was identified in exon 9. This mutation resulted in the
change from glutamic acid to a stop codon and the termination of
MEN] translation. Therefore, the patient’s condition was diag-
nosed as MEN 1.

As the patient had widespread metastases with intermittent
coma and breathing difficulties, he was not a suitable candidate
for treatment by surgery, chemotherapy, or radiotherapy; per-
cutaneous cryosurgery was therefore recommended. Owing to
the mediastinal lymph node metastasis that caused dyspnea, it
was decided that this should be treated initially; the highly
functional insulinoma in the pancreatic tail was initially managed
by a continuous glucose transfusion, and the adrenal tumor that
was compressing the left kidney was treated by a second course
of cryoablation, along with the pancreatic tail tumor.

Cryosurgery of the mediastinal lymph nodes was performed
on June 16. Under the guidance of USB, 4 cryoprobes (1.7- and
2.0-mm diameter, two of each) were inserted into the mediastinal
lymph node, and 100% argon was applied for 10 minutes. The
target zone was observed to be covered by an ice ball under USB.
The probes were then naturally rewarmed to room temperature,
and 2 cycles were conducted in total. The probes were retracted
after they were heated by helium, and the puncture points were
packed. This procedure was similar for each time of cryosurgery.
The patient was able to breathe easily after cryoablation. A CT
scan in July 12 showed that the mediastinal lymph node had
swollen (7.1 x 4.8 cm), but a later scan on September 28 showed
that the gland was smaller (6.3 x 3.6 cm) with reduced density
that was indicative of necrosis.

Cryosurgeries of the pancreatic tail and the left adrenal
gland were performed on July 17. Under CT guidance, three
1.7-mm diameter cryoprobes were inserted into the pancreatic
tail tumor (Fig. 2A), and 100% argon was applied for 10 minutes.
The target zone was covered by an ice ball and the cycle was re-
peated. For the adrenal gland tumor, a 1.7-mm diameter probe was
placed into the tumor, 100% argon was applied for 5 minutes, and
most of the target zone was covered by an ice ball.

After cryosurgery, antigrowth resistance therapy was ap-
plied (Sandostatin, 100 mg per 8 hours, hypodermic injection).
The glucose transfusion was reduced gradually after cryosurgery
and stopped on day 10 postoperatively (Fig. 2B). The patient’s
fasting blood glucose dropped to 2 mmol/L 4 days postopera-
tively, rose to 12 mmol/L in the subsequent 8 days, and then
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returned to within the normal limits (Fig. 2C); the fasting in-
sulin and C peptide also dropped gradually and returned to
normal limits within 12 or 14 days after pancreatic tail cryo-
surgery (Fig. 2D). A CT scan on August 12 showed that the
pancreatic tail tumor had been replaced by an area of low-density
necrosis, and the left adrenal gland was swollen (3.6 x 3 cm) and
contained low-density necrosis (Fig. 2E).

The patient’s physical strength and energy improved sig-
nificantly, and he was soon able to walk and run freely. He was
discharged on Aug 28. When he returned for a follow-up phys-
ical examination on September 28, he had even better physical
strength and energy, and his body weight had reduced by 10 kg
(BMI, 27.68 kg/m?). A CT scan of the abdomen showed low
density in the pancreatic tail (Fig. 2F). Blood glucose monitor-
ing ceased 120 days postoperatively, when the levels were con-
tinuously normal.

Case 2

The mother of the aforementioned case patient, a 59-year-old
woman of Malaysian Chinese origin was referred to our hospital
complaining of gradually decreased body weight and obvious
hard masses on her right upper abdomen and left axilla. She was
hospitalized as a result of her poor physical state and malaise.
Her BMI was 17.52 kg/m>. Laboratory analyses revealed her
serum ionized calcium was 1.45 mmol/L, and her phosphate
was 0.79 mmol/L, which were both lower than the reference
range; the level of calcitonin was 15.33 nmol/L (reference
range, 0—1.46 nmol/L), parathyroid hormone was 36.4 nmol/L,
and pituitary prolactin was 40.9 ng/dL, which were all higher
than normal limits. Serum fasting C peptide, insulin, gastrin,
CA19-9, adrenal gland and thyroid-associated hormones were
all in the reference ranges. Ultrasound B, CT, and magnetic
resonance imaging all demonstrated a huge tumor at the pan-
creatic head (10 x 9 cm; Fig. 3A), and multiple tumors in the
spine, pelvis, left side of the chest wall (4 x 3 cm; Fig. 3B), liver
and ribs, without visible tumors in the hypophysis or thyroid
gland on CT imaging. Biopsies of tumors on the left side of the
chest wall tumor biopsies were performed under CT guidance.
Immunochemical analyses of these were positive for synap-
tophysin, chromgranin A, cytokaratin, vimentin, and CD56,
whereas they were negative for D2-40 and S100 protein
(Fig. 3C), which helped to diagnose the panNET. Gene muta-
tion testing also showed the same heterozygous mutation in
exon 9 as her son (Fig. 3D).
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FIGURE 2. Main treatment process and curative effects in the son.
A, Cryoablation of the tumor under CT guidance; the arrow shows
the tumor at the pancreatic tail, and 3 white lines represent the
cryoprobes. B, Daily total supplementation of glucose before and
after cryosurgery; the vertical line at day O is the day of cryosurgery.
C, Serum fasting and postmeal blood glucose levels before and
after cryosurgery; the vertical line at day O is the day of cryosurgery.
D, Serum fasting insulin and C peptide levels before and after
cryosurgery; the red lines shows the first day after cryosurgery
after which the index returned to normal level. E, Computed
tomographic scanning of the abdomen 25 days after cryosurgery;
the arrow shows the primary tumor site. F, CT scanning of the
abdomen 2 months after cryosurgery; the arrow shows the
primary tumor site.

According to the huge panNET on the pancreatic head, the
pathological changes in the pituitary and parathyroid gland, and
the mutation in MENI, this patient’s condition was diagnosed
as MEN 1, and the family was confirmed to have the familial
MEN 1 syndrome. Owing to the normal levels of serum CA19-9,
fasting insulin, and C peptide, the panNET on the pancreatic
head was diagnosed as a nonfunctioning MEN 1 tumor. As a
result of the severe wasting and physical weakness, the patient
was not deemed to be suitable for a thoracotomy, laparoscopic
surgery, chemotherapy, and radiotherapy; percutaneous cryo-
surgery was therefore recommended. The tumors on the left side
of the chest wall and pancreatic head were significantly larger
than the other metastases and caused severe pressure symptoms
to the lung and abdomen, respectively. Therefore, these under-
went the first cryoablation procedure. As a result of the excessive
volume of tumor on the pancreatic head, this was treated by
transarterial embolization (TAE) first and then by cryosurgery.

© 2013 Lippincott Williams & Wilkins

Cryosurgery of the left side of the chest wall was performed
on July 7. Under CT and USB guidance, two 1.7-mm-diameter
cryoprobes and six 2-mm-diameter cryoprobes were inserted
into the tumor of the left side of the chest wall, with 3 freezing
cycles of 10 minutes. On July 27 and August 9, 2 TAE proce-
dures were carried out on the pancreatic head tumor; the pan-
creaticoduodenal artery and gastroduodenal branch arteries were
targeted, respectively. A CT scan on August 22 showed an 8.0 x
8.9-cm soft tissue mass on the pancreatic head and large embo-
lized peripheral image, which resolved well. As the physical
condition was well, the patient was discharged from hospital on
August 28 to await cryosurgery.

When she was readmitted on September 25, she had gained
physical strength and energy and her body weight had increased
by 1 kg already. A CT scan of her abdomen showed good sedi-
mentation of the iodipin (Fig. 4A). Cryosurgery of the pancre-
atic head was performed on November 11. Under USB guidance,
four 2-mm-diameter cryoprobes were placed into the pancre-
atic head tumor, frozen for 15 minutes and then rewarmed; all
probes were extracted by 3 cm and frozen for a further 15 minutes.
After cryosurgery, antigrowth resistance therapy was applied
(Sandostatin, 100 mg per 8 hours, hypodermic injection). An
abdominal CT scan on November 29 showed a 10 x 9-cm soft
tissue mass on the pancreatic head, which contained a large
liquefied necrotic focus (Fig. 4B); the left-sided chest wall tu-
mor had shrunk to a 3 x 2-cm soft tissue mass that had uniform

, *3.;:3 Vimentin

FIGURE 3. Main differential diagnosis of the mother. A, Initial
CT scan of the abdomen; the arrow shows the tumor of pancreatic
head. B, Initial CT scan of the chest, the arrow shows the tumor
of the left chest wall. C, PanNET-associated immunochemistry
analysis for the tumor of the left side of the chest wall; the
brown-dyed cells are positive for different indexes and all nuclei
are dyed by hematoxylin. D, Mutation analysis of the MENT gene;
the black arrow shows the twin peaks of the mutation at exon 9.
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FIGURE 4. Main treatment process and curative effect of the mother. A, CT scanning of the abdomen 2 months after TAE;

the arrow shows the tumor of the pancreatic head. B, Computed tomographic scanning of the abdomen 18 days after
cryosurgery; the arrow shows the tumor of the pancreatic head. C, Computed tomographic scan of the chest 4.5 months after
cryosurgery; the arrow shows the site of the tumor of the left side of the chest wall.

density (Fig. 4C). The patient’s physical strength and energy
continued to improve, and her body weight increased by 3 kg (BMI,
19.23 kg/m?) at her latest follow-up.

DISCUSSION

The MEN 1 syndrome usually comprises at least 2 tumors,
including parathyroid adenoma, gastrointestinal pancreatic can-
cer, and pituitary and adrenal tumors; parathyroid adenoma is the
most common,'! followed by pancreaticogastrointestinal pan-
creatic cancer, which are mainly insulinomas and gastrinomas.
Other tumors include glucagonomas and nonfunctioning endo-
crine tumors, among others.'>"!'* Because MENI gene muta-
tions became one of the specific diagnostic criteria for MEN 1,
1336 kinds of point mutation have been found. The most com-
mon 9 mutations account for only 20% of all embryonic cell
mutations,'> so sequencing the gene is useful to confirm the spe-
cific mutation. The ¢.1288C>T mutation that was found in the
2 members of this family represented a novel point mutation and
strongly suggested the diagnosis of familial MEN 1; the other
son has a 50% probability of developing MEN 1. As both of the
mother’s parents had died, it is difficult to assess whether the
¢.1288C>T mutation was spontaneous or genetic. However, as
the mother had 4 siblings, genetic screening will be of great sig-
nificance to this large family.

Both members of this family were hospitalized as a con-
sequence of their pancreatic tumor, which were initially diag-
nosed as pancreatic ductal adenocarcinomas (PDAC); MEN 1 was
only diagnosed once genetic mutation tests were performed.
Multiple endocrine neoplasia type 1 syndrome is a subtype
of the panNET tumor group, which is associated with 44%
probability of a MENI gene mutation.'® The 10-year survival
rate of panNET reaches more than 40%,'”-'8 whereas the 5-year
survival rate for PDAC is less than 2%.'° It is hard to differ-
entiate between the 2 tumor types on imaging and pathology,
and most of the patients with PDAC who survive for more
than 10 years after diagnosis are likely to have panNET, and
even MEN 1, instead.

As a minimal invasive technology, percutaneous cryosur-
gery has many advantages compared with conventional surgery.
First, percutaneous cryosurgery can locate the tumors precisely,
reduce the level of trauma, and has wide indications. It has been
applied in the ablation of tumors of the lung,?° liver,?! and
kidney,?? among others. Second, percutaneous cryosurgery can
activate the cryoimmunity of patients?3. Third, the simultaneous
ablation of primary and metastatic tumors can be performed.?#2
In the treatment process of the son, the primary tumor on the
pancreatic tail and the metastasis to the left adrenal gland were
frozen during the same procedure. Fourth, for large tumors,
multiple cryoprobes?® or chemical reagents (eg, alcohol or hydro-
chloric acid)?’ can be used to expand the frozen area; for tumors
with complex anatomical structures (eg, involving the pancreatic

356 | www.pancreasjournal.com

head), iodine 125 seed implantation?32° and TAE?® can be com-
bined to reduce damage to the target organs and surrounding
normal tissues. Combined with TAE, the huge tumor on the
pancreatic head of the mother described in this report was suc-
cessful frozen with 4 cryoprobes. Kovach et al,>! and Korpan?2
have both reported the liquid nitrogen freezing of PDAC under
laparotomy; they both established that cryoablation was suitable
for most cases of PDAC, with lower levels of trauma and lower
complication and mortality rates, postoperatively. In 2008, Xu
twice reported the clinical trials of PDAC treatment by percuta-
neous cryosurgery, which have shown the safety and efficacy of
this method.?82° These provided us with important experiences in
pancreatic cryoablation in the 2 patients.

Commonly used evaluation indexes for the treatment of
panNET are changes in blood glucose levels, tumor volume,
physical strength and energy levels. The main symptoms of both
patients have been significantly improved, including the fasting
blood glucose of the son, which was maintained within normal
limits for more than 120 days. Consistent with the secondary
necrosis theory of cryoablation proprosed by Forest et al*3 in
2005, insulin did not return to physiological secretion levels until
the secondary necrosis of remaining insulinoma had occurred
4 days postoperatively. Furthermore, the physical strength and
energy of the mother improved continuously after cryoablation
of the chest wall and the pancreatic head tumors, whereas her
severe wasting and weight loss were reversed. These curative
effects have provided the time needed in both patients for the
sequential cure of their remaining tumors.

In the 1 to 2 months after cryosurgery, multiple frozen sites
in both patients seemed to be larger in volume on CT imaging,
which may be related to inflammation and swelling. Obvious foci
of necrotic liquefaction can be seen on CT imaging 2 months
after cryosurgery. The above phenomena are in accordance with
the characteristics of cancer cryoablation and are consistent with
the cryoablation phenomena observed after the treatment of other
kinds of tumors.?*39 In the huge tumor in the pancreatic head of
the mother, a large focus of necrotic liquefaction was achieved
within 20 days after the combination treatment of TAE and
cryosurgery, which showed that TAE can obviously accelerate
the frozen necrosis of tumors.

This is the first report to describe the use of percutaneous
cryosurgery for pancreatic and metastatic tumors in patients with
familial MEN 1. The preliminary results of blood glucose levels
and CT scans have demonstrated the potential curative effects of
cryosurgery in the short-term observation period. Percutaneous
cryosurgery may offer an alternative treatment method for unre-
sectable pancreatic and metastatic tumors in patients with MEN 1.
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