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Abstract

POEMS syndrome is a rare multisystem disease associated with an underlying plasma cell disor-
der. Its name is an acronym for peripheral neuropathy (P), endocrinopathy (E), organomegaly (O),
monoclonal plasma cell proliferative disorder (M), and skin changes (S). This case report
describes a patient with POEMS syndrome who presented with progressive fatigue and numbness
in the lower extremities. Initially, the patient was erroneously diagnosed with diabetes and dia-
betic peripheral neuropathy because of the endocrinopathy associated with POEMS syndrome.
After a second hospitalization, the patient was diagnosed with POEMS syndrome and recovered
with alkylator therapy and a peripheral blood stem cell transplant. The patient’s overall condition
was improved at the |-year follow-up. POEMS syndrome should be considered if a patient
presents with endocrinopathy and unexplained peripheral neuropathy.
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Core tip

We herein report a case of POEMS syn-
drome in a patient who presented with pro-
gressive fatigue and numbness in the lower
extremities. The patient was initially diag-
nosed with diabetes and diabetic peripheral
neuropathy. We report this case to enhance
the awareness of POEMS syndrome, espe-
cially among endocrinologists. When clini-
cians encounter patients with coexisting
endocrinopathy, such as diabetes, and
unexplained peripheral neuropathy or mul-
tisystem disorders, certain examinations
must be performed to rule out POEMS syn-
drome. We also herein discuss several endo-
crine  abnormalities  associated = with
POEMS syndrome.

Introduction

POEMS syndrome, also known as Crow-
Fukase syndrome, Takatsuki syndrome, or
osteosclerotic myeloma, is a rare paraneo-
plastic syndrome caused by an underlying
plasma cell disorder. Coined by Bardwick
et al." in 1980, POEMS syndrome is char-
acterized by polyneuropathy, endocrinop-
athy, organomegaly, monoclonal plasma
cell proliferative disorder, skin changes,
and other features. A diagnosis does not
require the presence of all five features.
Other symptoms related to POEMS syn-
drome include papilledema, extravascular
volume overload, sclerotic bone lesions,

and thrombocytosis/erythrocytosis
(PEST); and increasing concentration of
vascular  endothelial  growth  factor

(VEGF); a predisposition toward thrombo-
sis; and abnormal pulmonary function
tests.> Consequently, patients are often mis-
diagnosed with diabetic peripheral neurop-
athy or hypothyroidism at their first visit to
the endocrinology department. We herein
describe a patient who presented with pro-
gressive fatigue and numbness in the lower

extremities and was misdiagnosed with dia-
betes and diabetic peripheral neuropathy.

Case presentation

Chief complaints

In March 2017, a 60-year-old man was
admitted with progressive fatigue and
numbness in the lower extremities.

History of present illness

Before his presentation to our institution,
he had been diagnosed with cerebral infarc-
tion at the left basal ganglia at a local hos-
pital in August 2016. Based on an elevated
fasting serum glucose concentration, he was
diagnosed with diabetes mellitus and
treated with oral hypoglycemic agents. As
a result, his serum blood glucose concentra-
tion gradually declined. After the acute
phase of cerebral infarction, he developed
progressive fatigue and numbness in his
lower extremities. These symptoms wors-
ened during the next several months until
he had difficulty walking and using the
stairs. He also developed weight loss with
a decreased appetite, constipation, dry skin,
reduced sweating, and insomnia. In March
2017, he presented with progressive fatigue
in the lower extremities and was admitted
to the Third Affiliated Hospital of Soochow
University.

Personal and family history

The patient took aspirin intermittently
because of his history of cerebral infarction.
He had quit smoking 10 years previously.
His personal history contained nothing
remarkable. He had no family history of
related hereditary diseases.

Physical examination

Physical examination revealed generalized
hyperpigmentation of the skin, enlarged
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hands, and coarsened skin (Figure 1).
Superficial lymph nodes were not palpable.
The breath sounds in the lower lungs were
slightly weakened, and the heart sounds
were normal. He had hypoesthesia to light
touch and reduced pin-prick sensation
below the knees as well as lack of knee
and ankle reflexes. His muscle strength
grade was 4/5 in the upper extremities and
4/5 in the lower extremities.

Laboratory examinations

The patient’s cardiac, liver, and renal func-
tions were normal. His glycosylated hemo-
globin concentration was 7.0% (reference
range, <6.5%), and his fasting serum glu-
cose concentration was 7.55 mmol/L (refer-
ence range, 3.9-6.1 mmol/L), indicating
mild glucose control. The patient had a
high serum estradiol concentration (158
pg/dL; reference range, <40 pg/dL) with
normal luteinizing hormone and follicle-
stimulating  hormone  concentrations.
Thyroid examination showed a decreased
free T3 concentration (8.93 pmol/L; refer-
ence range, <10 mg/dL), which indicated
the possibility of low T3 syndrome and
other consumptive diseases. His 24-hour
concentrations of urinary cortisol, serum
cortisol (8:00-16:00), and corticotropin
(8:00-16:00) were normal, and his cortisol
concentration was suppressed in response
to an overnight 1-mg dexamethasone sup-
pression test, which ruled out Cushing’s
syndrome. Because of his enlarged hands
and coarsened skin, a growth hormone sup-
pression test was performed. The growth
hormone concentration at 0, 30, 60, 90,
and 120 minutes was 0.98, 1.37, 1.34, 1.22,
and 1.02 ng/mL, respectively; insulin-like
growth factor 1 (IGF-1) was negative.

Imaging examinations

Cranial magnetic resonance imaging (MRI)
was performed to rule out the possibility of

Figure I. Enlarged hands and coarsened skin.

acromegaly. Cranial MRI showed an ische-
mic cavity in the left frontal lobe, brain
atrophy, and segmental stenosis of the left
posterior cerebral artery.
Electromyography showed severe multiple
peripheral neuropathy affecting both the
upper and lower extremities. A vibration
perception threshold test showed that the
patient’s superficial sense was almost
normal but that his deep sense was abnor-
mal, indicating a high risk of neuropathic
ulcers. A positron emission tomography—
computed tomography (PET-CT) scan
showed hypermetabolic foci in the T5-6,
T8, and T11-L4 vertebral bodies and the
4th, 7th, and 10th left ribs; thus, sclerosing
bone disease and an old infarction in the
left thalamus were considered (Figure 2).
Abdominal CT showed a small amount of
fluid in the pericardial cavity, a small
amount of fluid in the right pleural cavity,
and multiple stones in the gallbladder.
Color Doppler echocardiography showed
no abnormalities.

Primary diagnosis

The patient was initially diagnosed with
diabetes, diabetic peripheral neuropathy,
and cerebral infarction sequelae. For treat-
ment of the diabetic peripheral neuropathy,
the patient began pharmacologic therapy
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Figure 2. Positron emission tomography—computed tomography scan. The scan showed hypermetabolic

foci in the vertebral bodies and ribs.

comprising o-lipoic acid, aldose reductase
inhibitors, mecobalamin, and pancreatic
kininogenase enteric-coated tablets. His
clinical condition improved after the phar-
macologic therapy. However, the patient
gradually lost interest in most activities,
including sex and sports, and he experi-
enced sleep disturbances. He was given
sleeping pills and antidepressants because
of insomnia and depression, and his symp-
toms were gradually relieved. Within 3
months after discharge from the hospital,
he gradually developed pain in his lower
limbs. He experienced difficulty standing
on his heels and unsteadiness while walking.
He eventually required a walking stick, and
he continued losing weight and had a poor
appetite.

Final diagnosis

The patient visited the neurologic depart-
ment of Beijing Union Medical College
Hospital. During his stay there, his serum
protein electrophoresis results were sugges-
tive of monoclonal gammopathy. His serum
IgG level was positive with A light chain
restriction. His serum light chain k concen-
tration was 1500 mg/dL (reference range,
598-1329 mg/dL), and his light chain A

concentration was 960 mg/dL (reference
range, 298-665 mg/dL). His urine light
chain x concentration was 12.9 mg/dL (ref-
erence range, 0.0-5.1 mg/dL). He under-
went lumbar puncture, and a bone
marrow biopsy revealed megakaryocyte
hyperplasia and clustering. Oligoclonal
IgG bands were positive in the cerebrospi-
nal fluid, whereas no M protein was found
via  serous  protein  electrophoresis.
Unfortunately, VEGF measurement was
not available in Beijing Union Medical
College Hospital at the time.

This patient met both mandatory major
criteria for POEMS syndrome (polyradicu-
loneuropathy and monoclonal plasma cell
proliferative disorder), one of the three
other major criteria (sclerotic bone lesions),
and three of the six minor criteria (endo-
crinopathy, skin changes, and extravascular
volume overload). The patient was diag-
nosed with POEMS syndrome, diabetes,
and cerebral infarction sequelae.

Treatment

The patient was treated with alkylator ther-
apy and a peripheral blood stem cell trans-
plant. During hospitalization, he gradually
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stopped using oral hypoglycemic drugs.
Aspirin was prescribed after discharge.

Outcome and follow-up

After discharge, the patient’s fatigue and
numbness gradually improved, and he expe-
rienced no further difficulties walking and
climbing stairs. Furthermore, the patient
stopped losing weight and his appetite
increased. His blood glucose concentration
remained within the reference range during
follow-up. After 5 months, the hyperpig-
mentation in the lower extremities gradual-
ly resolved. One year later, his glycosylated
hemoglobin concentration was 5.9% (refer-
ence range, <6.5%), and his fasting serum
glucose concentration was 5.7 mmol/L (ref-
erence range, 3.9-6.1 mmol/L). Thyroid
examination showed no abnormalities.
The patient still had a high serum estradiol
concentration (72 pg/dL; reference range,
<40 pg/dL).

Discussion

According to large initial reports, POEMS
syndrome is widespread in Japan,® and its
incidence has been increasing in countries
such as the United States, China, France,
and India during the last several years.*
According to a report from the Mayo
Clinic, 118 of 170 patients (69%; 95% con-
fidence interval, 62% to 76%) with POEMS
syndrome from 1960 to 2006 had a recog-
nized endocrinopathy (89 men).’

The pathogenesis of POEMS syndrome
remains unclear. An increasing VEGF con-
centration is strongly related to POEMS
syndrome. VEGF acts on endothelial cells
and induces a rapid and reversible increase
in vascular permeability. VEGF is also
important for angiogenesis, and disorders
in VEGF may lead to ascites, edema, orga-
nomegaly, pleural effusion, and neuropa-
thy.® Some angiogenic factors, such as
hypoxia-inducible transcription factor 1,

are upstream factors that modulate VEGF
production.” However, VEGF may not be
the main cause of POEMS syndrome
because anti-VEGF therapy has been
shown to have mixed results on curative
effects.®” Other factors, such as some
inflammatory factors, may contribute to
the pathogenesis of POEMS syndrome.
Wang et al.'” found that higher levels of
interleukin (IL)-6 and IL-12 are related to
the disease activity of POEMS syndrome.
IL-6 has been shown to stimulate VEGF
production."’ Kanai et al.'? also found
that IL-12 is related to disease activity. In
patients with POEMS syndrome, lambda
light chain is restricted with restricted
immunoglobulin light chain variable gene
usage. Nagao et al.'’ performed whole-
exome sequencing, targeted sequencing,
and RNA sequencing of 11 patients with
POEMS syndrome and identified 20 muta-
tions in 7 mutated genes: KLHL6, LTB,
EHDI, EML4, HEPHL2, HIPK2, and
PCDHI0.

Diagnoses are often delayed because of
the rarity and complexity of POEMS syn-
drome. Many physicians, especially those in
the endocrinology department, lack an
awareness of POEMS syndrome, which in
turn leads to misdiagnosis. The diagnosis is
made based on a composite of clinical and
laboratory features. It is confirmed when
both of the mandatory major criteria (poly-
radiculoneuropathy and  monoclonal
plasma cell proliferative disorder), one of
the three other major criteria (Castleman
disease, sclerotic bone lesions, and increas-
ing VEGF concentration), and one of the
six minor criteria (organomegaly, extravas-
cular volume overload, endocrinopathy,
skin changes, papilledema, and thrombocy-
tosis/polycythemia) are met.'*

Notably, the symptoms of POEMS syn-
drome arise over time rather than simulta-
neously, which is why the diagnosis is
challenging. A detailed constellation of clin-
ical signs and a physical examination
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followed by appropriate testing could help
to distinguish POEMS syndrome from
other diseases. Some tests are of vital
importance, such as bone marrow biopsy
and measurement of VEGF. According to
data from the Mayo Clinic, helpful cut-offs
for a diagnosis of POEMS syndrome are a
plasma VEGF concentration of 200 pg/mL
(specificity of 95%, sensitivity of 68%) and
a serum VEGF level of 1920 pg/mL (specif-
icity of 98%, sensitivity of 73%).
Unfortunately, only a few hospitals in
China have the ability to measure VEGF,
resulting in substantial misdiagnoses of
POEMS syndrome. Other novel markers,
such as N-terminal propeptide of type I col-
lagen, may serve as promising markers for
the diagnosis of POEMS syndrome.
According to Wang et al.,'” the best cut-
off of N-terminal propeptide of type I col-
lagen for a diagnosis of POEMS syndrome
is 70 ng/mL (specificity of 91.5%, sensitiv-
ity of 80%).

Endocrinological elements are crucial in
the pathogenesis of POEMS syndrome, but
the real mechanisms remain poorly under-
stood. Many of the endocrine abnormalities
seen in patients with POEMS syndrome
may be due to chronic illness or illnesses
commonly observed in the aging popula-
tion. However, few studies have compared
endocrinopathies in patients with POEMS
syndrome and an age- and sex-matched
population with chronic diseases. Like the
patient in the present study, patients with
diabetes are frequently misdiagnosed with
diabetic peripheral neuropathy because of
the nonspecific symptoms of neuropathy.
In these cases, the lack of improvement
after using hypoglycemic drugs and antide-
pressants is usually indicative because the
patients seek further help at other hospitals.
As a result, the endocrinologist should con-
sider POEMS syndrome when encountering
a patient with the coexistence of diabetes
and unexplained peripheral neuropathy,

especially in the presence of multisystem
disorders.

A study of patients with POEMS syn-
drome at the Mayo Clinic showed that
about 84% of patients had a recognized
endocrinopathy.* The most common endo-
crine abnormality in patients with POEMS
syndrome is hypogonadism, followed by
abnormalities in thyroid and glucose
metabolism and finally adrenal insufficien-
cy. Hypogonadism is the most frequently
occurring endocrinological abnormality
among all other endocrinological abnor-
malities. Male patients tend to develop erec-
tile dysfunction and gynecomastia, whereas
female patients develop amenorrhea and
galactorrhea.'® Some researchers have sug-
gested that accelerated conversion of
androgens into estrogens in patients with
POEMS syndrome increases the level of
serum estrogens. Increased estrogen can
potentially cause hyperprolactinemia either
directly or by modifying the estrogen—tes-
tosterone ratio. Others have suggested that
patients with POEMS syndrome are usually
ill at presentation and have a possible
underlying diagnosis of hypothalamic
hypogonadism.'” With respect to the cause
of hyperprolactinemia, it has been sug-
gested that higher intracranial pressure,
such as that associated with empty sella
syndrome, may disturb inhibitory dopami-
nergic pathways and in turn lead to hyper-
prolactinemia.'® In the present case, the
patient showed an increasing estradiol con-
centration; however, he had no erectile dys-
function or gynecomastia.

In terms of glycometabolism, patients
with  POEMS syndrome often have an
impaired fasting glucose concentration,
impaired glucose tolerance, or diabetes.
Gandhi et al.’ investigated 50 patients
with POEMS syndrome, among whom 24
had diabetes or glucose intolerance. Most
patients with diabetes used oral hypoglyce-
mic drugs, while others had modest insulin
requirements. Notably, some patients with
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POEMS syndrome take glucocorticoids,
which may lead to misdiagnosis of diabetes
or severe hyperglycemia. Our patient had
diabetes and was treated with hypoglycemic
agents. After the peripheral blood stem cell
transplant, he discontinued the hypoglyce-
mic agents.

Patients with POEMS syndrome also
show thyroid gland abnormalities. In
2017, Hu et al."” found mild primary hypo-
thyroidism in 13 of 22 patients with
POEMS syndrome (high prevalence of
59%). Furthermore, Soubrier? found sec-
ondary (central) hypothyroidism in 2 of 10
patients with hypothyroidism and in all 25
patients with POEMS syndrome. The
underlying causes of hypothyroidism need
to be further elucidated.

Some patients may be misdiagnosed with
adrenal insufficiency because of the hyper-
pigmentation at the onset of disease.
Bardwick et al.' described a patient who
had an isolated increasing adrenocortico-
tropic hormone concentration and normal
cortisol concentration, and the authors con-
sidered that the normal cortisol concentra-
tion was compensatory. Prokop et al.*!
described a patient who presented with
two endocrine abnormalities: Addison’s
disease and hypothyroidism. The patient
did not present with symptoms suggestive
of primary adrenal insufficiency, such as
skin hyperpigmentation; this might have
been becausethe patient was of African
origin and did not notice deepening of his
skin color or palmar lines. Patients who
undergo long-term steroid treatment may
develop secondary cortisol deficiency. Our
patient had hyperpigmentation, but his
adrenocorticotropic hormone and cortisol
concentrations were with the reference
ranges.

Interestingly, our patient had enlarged
hands and coarsened skin; therefore, we
performed a growth hormone suppression
test to rule out acromegaly. His baseline
growth  hormone concentration was

normal, but ingestion of 75 g of glucose
did not depress the growth hormone con-
centration to <1 ng/mL. Cranial MRI was
negative for a pituitary tumor. As a result,
we ruled out acromegaly. Our patient was a
peasant, and his long-term history of
manual labor may have accounted for his
enlarged hands and coarsened skin.
Caimari et al.'” performed a cohort study
with a systematic review of endocrinopathy
in 75 patients with POEMS syndrome, and
8 patients with a high IGF-1 concentration
were identified. One of these eight patients
had acromegalic features, and an oral glu-
cose tolerance test and pituitary MRI
examination were negative for acromegalia.
Another of the eight patients had only a
mildly increased IGF-1 concentration and
was also negative for acromegaly. These
findings are inconsistent with previous stud-
ies and need to be further explained by
future studies.

Peripheral neuropathy is always the ini-
tial presenting symptom of POEMS syn-
drome. Misdiagnosis often occurs because
the characteristics of the neuropathy resem-
ble those of chronic inflammatory demye-
linating polyneuropathy. Li et al'®
described a patient with POEMS syndrome
who was erroneously misdiagnosed with
diabetic peripheral neuropathy based on a
history of type 2 diabetes mellitus.
Although this case was similar to our
patient, the treatment differed. As men-
tioned above, measurement of VEGF is
not available in most hospitals in China,
which adds to the difficulties in achieving
the correct diagnosis. Only when typical
features of POEMS syndrome are recog-
nized can the correct diagnosis be made
and effective therapies initiated. The initial
symptoms in our patient were progressive
fatigue and numbness in the lower extrem-
ities, which we ascribed to cerebral infarc-
tion and diabetes because this seemed
reasonable at that time. However, after
the patient’s second hospitalization, he
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was finally properly diagnosed and given
the correct therapy. Accordingly, it is very
challenging but important to recognize this
disease at an carly stage.

Ischemic stroke has been increasingly
recognized as a complication of POEMS
syndrome and may be related to the vascul-
opathy caused by an elevated VEGF con-
centration.” ?* Cohort studies from the
Mayo Clinic and Peking Union Medical
College Hospital have addressed this issue
in detail.>>?*® Conversely, VEGF can pro-
mote the growth of new blood vessels and
capillaries around ischemic blood vessels to
improve the blood supply.?’” Meanwhile,
POEMS syndrome is a plasma cell discase.
The abnormal proliferation of plasma cells
leads to marked monoclonal or polyclonal
albuminemia. Albuminemia and thrombo-
cytosis cause changes in blood viscosity.
Together, these changes cause vascular dis-
ease and even arterial occlusion. Our
patient met the diagnostic criteria for
POEMS syndrome and had no risk factors
for arteriosclerosis or thrombosis. He had
no family history of cerebrovascular dis-
ease. Color Doppler echocardiography
excluded embolism caused by cardiogenic
disease. By the time he was admitted to
our hospital, the platelet level was normal
because of the use of aspirin. After review-
ing the literature, we believe that the onset
of cerebral infarction in this case was
caused by POEMS syndrome.

The treatment of POEMS syndrome is
based on the extent of the plasma cell infil-
tration. For patients with an isolated bone
lesion without clonal plasma cells found on
iliac crest biopsy, radiation is recommended
as the first-line therapy; however, systemic
therapy is recommended for patients with
disseminated disease.”® Because of the lack
of published randomized clinical trials of
POEMS syndrome, treatment recommen-
dations are based on limited trial data,
case series, and anecdotal data. According
to the existing studies, the most effective

therapeutic approach is likely to be alkyla-
tor therapy with a blood stem cell trans-
plant. Other promising treatments include
lenalidomide, thalidomide, and bortezomib,
all of which can have anti-VEGF and anti-
tumor necrosis factor effects. Our patient
received alkylator therapy with a blood
stem cell transplant, which led to substan-
tial improvement of his condition.

Conclusion

The aim of this report is to enhance the
awareness of POEMS syndrome, especially
among endocrinologists. When clinicians
encounter patients with a coexisting endo-
crinopathy, such as diabetes, and unex-
plained  peripheral = neuropathy or
multisystem disorders, certain examinations
are necessary to rule out POEMS syn-
drome. POEMS syndrome is a rare multi-
system disease associated with multiple
endocrinological abnormalities, both pri-
mary and secondary, that are easily mis-
diagnosed. The underlying pathogenesis is
still unknown. As a result, detailed exami-
nations should be performed to distinguish
POEMS syndrome from other diseases such
as diabetic peripheral neuropathy, hypothy-
roidism, and similar conditions.

Method

Briefly, laboratory parameters such as the
concentrations of glycosylated hemoglobin,
fasting glucose, serum hormones, urinary
hormones, and IGF-1 were tested by an
AUS5800  Series  Clinical ~ Chemistry
Analyzer (Beckman Coulter, Brea, CA,
USA). Blood pressure was regularly mea-
sured with an OMRON Model HEM-752
FUZZY blood pressure monitor (Omron
Company, Dalian, China). Liver imaging
was performed with a LOGIQ E9 ultra-
sound system (GE Healthcare, Chicago,
IL, USA). Cardiac function was recorded
by a cardiac ultrasound system (LOGIQ
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E9; GE Healthcare). CT and MRI exami-
nations were performed by a CT
SOMATOM Sensation 64 (dual-source
CT system) and 3.0T MRI system
(Ingenia;  Philips  Healthcare,  Best,
Netherlands), respectively. PET-CT was
performed for further metabolic analysis
by a Biograph mCT 64 PET/CT scanner
(Siemens Healthcare, Erlangen, Germany).
Instruments used for the examinations in
other hospitals are not mentioned here.
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