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ABSTRACT

Introduction: Polyneuropathy, organomegaly,
endocrinopathy, M-protein and skin changes (POEMS)
syndrome is a fatal systemic disorder associated with
plasma cell dyscrasia and the overproduction of the
vascular endothelial growth factor (VEGF). Recently, the
prognosis of POEMS was substantially improved by
introduction of therapeutic intervention for myeloma.
However, no randomised clinical trial has been performed
because of the rarity and severity of the disease.
Methods and analysis: The Japanese POEMS
syndrome with Thalidomide (J-POST) Trial is a phase II/
[II multicentre, double-blinded, randomised, controlled
frial that aims to evaluate the efficacy and safety of a 24-
week treatment with thalidomide in POEMS syndrome,
with an additional 48-week open-label safety study.
Adults with POEMS syndrome who have no indication for
transplantation are assessed for eligibility at 12 tertiary
neurology centres in Japan. Patients who satisfy the
eligibility criteria are randomised (1:1) to receive
thalidomide (100-300 mg daily) plus dexamethasone

(12 mg/m? on days 1-4 of a 28-day cycle) or placebo
plus dexamethasone. Both treatments were administered
for 24 weeks (six cycles; randomised comparative study
period). Patients who complete the randomised study
period or show subacute deterioration during the
randomised period participate in the subsequent 48-week
open-label safety study (long-term safety period). The
primary end point of the study is the reduction rate of
serum VEGF levels at 24 weeks.

Ethics and dissemination: The protocol was approved
by the Institutional Review Board of each hospital. The
trial was notified and registered at the Pharmaceutical
and Medical Devices Agency, Japan (No. 22-1716). The
J-POST Trial is currently ongoing and is due to finish in
August 2015. The findings of this trial will be
disseminated through peer-reviewed publications and
conference presentations and will also be disseminated
to participants.

Trial registration number: UMINO00004179 and
JMA-11A00046.

INTRODUCTION

Polyneuropathy, organomegaly, endocrinopa-
thy, M-protein and skin changes (POEMS)
syndrome is a rare paraneoplastic disorder
characterised by POEMS." A Japanese
national survey conducted in 2003 showed
that its prevalence is 0.3/100 000 population.”
Although the pathophysiology of POEMS

BM]

Katayama K, et al. BMJ Open 2015;5:2007330. doi:10.1136/bmjopen-2014-007330 1



remains unclear, plasma cell dyscrasia and the related
overproduction of the vascular endothelial growth factor
(VEGF) are assumed to play a central role in the dis-
order.” * Moreover, VEGF levels are characteristically ele-
vated in POEMS.” * © VEGF levels were used recently as
surrogate markers to evaluate disease activityf“m because
it sometimes takes several years to evaluate therapeutic
effects in POEMS syndrome on the basis of hard end
points, such as relapse-free survival or overall survival.'? !

The prognosis of POEMS syndrome was poor in the
1980s.'* ' A large retrospective cohort study conducted
in Japan reported that 38 of 58 patients who were
treated mainly with corticosteroids died after a mean
survival period of 33 months.'? Since around 2000, the
prognosis of POEMS has been considerably improved by
the successful application of treatments for multiple
myeloma, such as high-dose chemotherapy with autolo-
gous stem cell transplantation (HDCT with ASCT) or
immunomodulatory drugs.”® "' '* Currently, the thera-
peutic algorithm is the use of HDCT with ASCT as the
firstline therapy, whereas patients who are not suitable
for transplantation are treated with thalidomide or lena-
lidomide with dexamethasone. However, there is no
established evidence of the efficacy of the new thera-
peutic interventions for POEMS, because the literature
on these treatments includes only retrospective case
reports or case series,’” or open single-arm study,'
because of the rarity and severity of the disease.

In addition, thalidomide, which is one of the standard
treatment options for multiple myeloma, can suppress
VEGF production and tumour }:)roliferation.17 Previous
case reports or case series reported that thalidomide
improved or stabilised the clinical symptoms in patients
with POEMS syndrome and decreased serum VEGF
levels,” ' ' and that it could be safely administered to
patients who were not eligible for HDCT with ASCT
because of older age or poor condition. However, rando-
mised clinical trials are essential to investigate the effi-
cacy and safety of new therapeutic interventions and to
establish evidence and logical therapeutic strategies.
Therefore, we designed the Japanese POEMS Syndrome
with Thalidomide (J-POST) Trial, which is a phase
II/III multicentre, double-blinded, randomised, con-
trolled trial that aims to compare the efficacy and safety
of a 24-week treatment with thalidomide with that of a
placebo in POEMS syndrome, followed by a 48-week
open-label safety study.

Ohbjectives

We examined the hypothesis that POEMS syndrome is a
paraneoplastic disorder associated with plasma cell dys-
crasia, and that a therapeutic approach for multiple
myeloma using thalidomide and dexamethasone can
also be effective for treating POEMS. In addition, we
investigated the feasibility of a randomised control study
of POEMS syndrome and validated the assessments of
the therapeutic effects.

METHODS

Trial design

The J-POST Trial is a 24-week multicentre, double-
blinded, placebo-controlled randomised clinical trial of
treatment of POEMS syndrome using thalidomide and
dexamethasone (randomised comparative study period),
followed by a 48-week open-label safety study (long-term
safety period). Screening is undertaken within 28 days of
randomisation to assess eligibility and collect baseline
data. Patients who satisfy the eligibility criteria are ran-
domly assigned (1:1) to receive thalidomide (100-
300 mg daily) and dexamethasone (12 mg/m® on days
1-4 of a 28-day cycle) or placebo and dexamethasone.
Patients who complete the randomised comparative
study period or show subacute deterioration within the
first 24 weeks participate in the subsequent 48-week
open-label safety study. After this, a 4week post-
treatment observation period is scheduled. The primary
end point of the randomised comparative study period
is centrally assessed in the full analysis set of the reduc-
tion rate in VEGF levels at 24 weeks, and that of the
long-term safety period is adverse events (AEs) asso-
ciated with thalidomide. A schematic depiction of the
trial design is summarised in figure 1.

Eligibility criteria

Eligible patients are those who meet all of the following

inclusion criteria and who do not have any listed exclu-

sion criteria.

Inclusion criteria

1. POEMS syndrome diagnosed according to pub-
lished diagnostic criteria as ‘Probable’ or ‘Definite’
(hox 1.

2. Age 220 years.

3. Eastern Cooperative Oncology Group Performance
Status of 0-3.

4. Overall score on the neuropathy limitation scale of
0-9.

5. Any of the following laboratory abnormalities:
serum alanine aminotransferase or aspartate amino-
transferase levels >4 times the normal upper limit;
creatinine levels >1.5 times the normal upper limit.

6. Hospitalisation at the initiation of the randomised

comparative study period and of the long-term

safety period.

Regular clinic visits every 4 weeks.

No clinically significant ECG abnormality.

Signed written informed consent form.

0. Ineligibility for HDCT with ASCT during the study

period.

11. Informed consent to thalidomide education and
risk management system.

= e 0

Exclusion criteria

1. Use of thalidomide, melphalan or bortezomib
within 24 weeks of providing informed consent.

2. Unstable patients.
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Figure 1 Schematic depiction of the trial design. Eligible participants are randomly assigned to a 24-week treatment of
thalidomide (100-300 mg daily) plus dexamethasone (12 mg/m?® on days 14 of a 28-day cycle) or placebo plus dexamethasone
(randomised comparative study period). Patients who complete the randomised comparative study period or show subacute
deterioration within the first 24 weeks participate in the subsequent 48-week open-label safety study (long-term safety period).

3. Oral or intravenous use of steroids within 4 weeks of
providing informed consent.

4. Females who are pregnant or desire childbearing.
Males who desire fertility.

5. Other serious and unstable medical conditions,

such as cardiac failure, renal failure, liver failure,

bleeding ulcers, ileus and uncontrolled diabetes.

Malignancy other than POEMS syndrome.

Known allergy to thalidomide or dexamethasone.

Serious mental disorder.

Use of any other experimental drug or therapy

within 12 weeks of providing informed consent.

Lo ae

10. Use of prohibited drugs (other than B-blockers) or
therapy within 4 weeks of the baseline.

11. Receiving a judgement of inappropriateness for the
study.

Becruliment
This trial was declared and registered at the
Pharmaceuticals and Medical Devices Agency in

September 2010. Recruitment into the trial started in
November 2010 and ended in February 2014, or until a
total of 24 participants had been recruited. The treat-
ment follow-up of the participants is currently ongoing
and the last visit of the last patient is due to take place
in August 2015. This study is being conducted at 12 ter-
tiary neurology centres in Japan.

Sample size calculation

Twenty-four patients will be randomised and included in
the study. This sample size was based on results from our
previous studies® " and the database of patients with
POEMS syndrome; therefore, the estimated values of the
reduction rate of serum VEGF level over 24 weeks were
0.55 (SD=0.21) after thalidomide~dexamethasone treat-
ment and 0.35 (SD=0.20) after melphalan—prednisone
treatment. Assuming a group difference of 0.35
(SD=0.25), 10 patients per arm will provide >80% power
to detect a difference in the reduction rate of serum
VEGF levels between thalidomide and placebo treatment
for at least 24 weeks using a two-sided, two-sample t test
at a 5% level of significance. Thus, to allow for a 20%
dropout rate, 12 participants are required per group, for
a total of 24 participants in the study.

Allgcation

A registration form for an eligible patient will be sent by
the investigators to the registration centre at EPS
Associates Co, Ltd (by Fax). Registration and allocation
will be implemented at the registration centre. Eligible
patients who provide written informed consent will be
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randomised to either thalidomide or placebo at a ratio
of 1:1 by a computer program located at the registration
centre, using a minimisation method”' ** with biased
coin assignment balancing on serum VEGFEF levels
(<3000 or >3000 pg/mL) and the evidence of pleural
effusion (yes or no) at the screening test. The trial medi-
cation (with a unique number) will be distributed by the
coordinating investigator to each hospital at the start of
the trial. Investigators will prescribe the trial medication
according to the number allocated at the registration
centre,

Blinding

Participants and study personnel will be blinded to thal-
idomide or placebo treatment until the code is opened.
Placebo capsules are indistinguishable in appearance
from the thalidomide capsules. Serum VEGF levels will
be measured at the central laboratory (SRL Medisearch
Inc, Tokyo, Japan) and will also be masked to partici-
pants and study personnel from the baseline measure-
ment to the opening of the code.

In case of emergencies for which it becomes necessary
to unmask the blinding to make an adequate treatment
decision, the blinding can be lifted by the investigator if
deemed necessary. Patients in whom the blinding has
been lifted will be removed from the trial immediately.

Interventions

Randomised comparative study period

Each treatment cycle will consist of 4 weeks (days 1-28),
and thalidomide, or placebo, and dexamethasone will
be administered for 24 weeks (six cycles). Thalidomide
or placebo will be given on days 1-28, and dexametha-
sone will be administered at a dose of 12 mg/m?® on days
1-4. The trial medication will be initiated on the ran-
domisation day at a dosage of one capsule containing
100 mg of thalidomide or placebo, to be administered at
bedtime every 2 days. The dose will increase to one
capsule daily on day 8 and two capsules daily on day 15,
and participants will continue to take two capsules daily
after the titration period, if there is no haematological
or skin toxicity that exceeds the Common Terminology
Criteria for Adverse Events (CTCAE) of grade 3. The
administration of thalidomide or placebo can be
decreased and then discontinued as required during the
study period, in cases that exhibit development of haem-
atological or skin toxicity that exceeds the CTCAE of
grade 3, or other AFEs, for which investigators assume
that dose reduction is appropriate.

Patients who experience subacute worsening of
POEMS syndrome with subacute capillary leak-like symp-
toms (ie, 5 kg/month of weight gain or pleural effusion
increase) or evident deterioration of neuropathy (ie,
increase in the total score on the overall neuropathy
limitation scale of >2) will promptly be shifted from the
randomised comparative period to the long-term safety
period.

Long-term safety period

Each treatment cycle will consist of 4 weeks (days 1-28)
and only thalidomide will be administered for 48 weeks
(12 cycles). The trial medication will be initiated on the
first day of the long-term safety period at a dosage of
one capsule (100 mg) of thalidomide, to be adminis-
tered at bedtime every 2 days. The dose will increase to
one capsule daily on day 8 and two capsules daily on day
15, and participants will continue to take two capsules
daily after the titration period if there is no haemato-
logical or skin toxicity that exceeds the CTCAE of grade
3. The administration of thalidomide or placebo can be
decreased and then discontinued as required during the
study period, if there is haematological or skin toxicity
that exceeds grade 3 in the CTCAE, or other AEs, for
which investigators assume that dose reduction is
appropriate.

Patients who experience subacute worsening of
POEMS syndrome with subacute capillary leak-like symp-
toms (ie, 5 kg/month of weight gain or pleural effusion
increase) or evident deterioration of neuropathy (ie,
increase in the total score on the overall neuropathy
limitation scale >2) will be treated with three capsules of
thalidomide. If patients show further deterioration,
12 mg/m”* of dexamethasone will be given to patients on
days 1-4 of each cycle, in combination with thalidomide.

Treatment compliance

To evaluate treatment compliance, the number of cap-
sules (thalidomide or placebo) remaining in each
supply prescribed for patients will be counted.

Concomitant medication

The drugs or therapies, that is, anticancer agents other
than thalidomide, radiotherapy or oral or intravenous
steroids, are not permitted throughout the study.

Outeomes

Randomised comparalive study period

The primary outcome measure is the reduction rate of
serum VEGF level over 24 weeks after treatment by
mutual agreement between the Pharmaceutical and
Medical Devices Agency (PMDA) and the J-POST Trial,
because VEGF levels are considered as a surrogate
marker used to evaluate disease activity in POEMS syn-
drome.”™ The definition of the reduction rate is as
follows: serum VEGF level reduction rate=(VEGF level at
the baseline~VEGF level at 24 weeks) /VEGF level at the
baseline. The secondary end points include changes in
serum VEGF levels, the achievement of a normal range
of serum VEGF level (<1000 pg/mL), motor functions
(sum scores of manual muscle testing (MMT), grip and
overall neuropathy limitation scale), parameters of nerve
conduction studies {motor conduction velocity (MCV),
compound muscle action potential (CMAP) amplitude
and F-wave latency), M-protein levels (serum and urine),
pleural effusion, vital capacity, body weight and quality
of life (QOL, SF-36)*" #* as well as AEs.

4

Katayama K, et al. BMJ Open 2015;5:¢007330. doi:10.1136/bmjopen-2014-007330



Long-term safely period

The primary outcome measure will be AEs, because the
major aim of the long-term safety period is to investigate
the safety of thalidomide administration for 12-18
months. The secondary end points include changes in
serum VEGF levels, the achievement of a normal range
of serum VEGF levels (1000 pg/mL), motor functions
(MMT sum score, grip and overall neuropathy limitation
scale), parameters of nerve conduction studies (MCV,
CMAP amplitude and F-wave latency), M-protein levels
(serum and urine), pleural effusion, vital capacity, body
weight and QOL (SF-36).

Data collection

Trial visits and examinations

The trial is divided into four periods: (1) screening; (2)
randomised comparative study period (24 weeks, six
cycles); (3) long-term safety study period (48 weeks, 12
cycles); and (4) post-treatment observation period. Each
treatment cycle consists of 4 weeks (days 1-28), and
patients will make visits on day 1 of each cycle during
the study period. For all female participants of repro-
ductive age, pregnancy tests will be conducted every
28 days. The schedule for the study visits and data collec-
tion is summarised in table 1.

Data management, monitoring and auditing

The investigators (or their delegates) will maintain indi-
vidual records for each patient as source data, which
include a log of informed consent, medical records,
laboratory data and other records or notes, as appropri-
ate. All entries in the case report form (CRF) must be

backed up by the relevant source data. All source data
will be kept according to good clinical practice (GCP).
CRFs must be completed in a timely manner.

All data are collected by the independent data man-
agement centre that was established for the present
study. There will be no direct communication between
POEMS investigators and the Coordinating Data Centre.
The clinical data entry (double data entry), coding, data
management and reporting will be performed using the
data management system CLiSSS (Medical Edge Inc,
Tokyo, Japan). Data management will be carried out
according to the standards of procedure of the trial.

A monitor will confirm that the investigational team is
adhering to the protocol and GCP, that data are being
accurately recorded in CRFs, that AEs have been prop-
erly documented on CRFs, that severe AEs (SAEs) have
been forwarded to the coordinating investigator and the
provider of the investigational product, and that the
SAEs that met criteria for reporting have been for-
warded to the Institutional Review Board (IRB). An
interim analysis will not be performed.

The study may be audited or inspected by the provider
of the investigational product or PMDA. In case of an
audit, the investigators must make all study documenta-
tion available to the auditor. If an audit or inspection
occurs, the investigators at the study site must discuss the
findings and any relevant issues.

Harms

Investigators must record all AEs in the patients’ CRFs.
The National Cancer Institute’s CTCAE (V.4.0) will be
used to grade each AE. All AEs are to be followed up
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continually during their course until resolution, or for
4 weeks after the end of the trial. All SAEs must be
reported to all investigators and discussed through a
web-based AE reporting system; SAFs that were not
reported previously will be reported to PMDA.

Statistical methods

The analyses of the primary and secondary outcomes
will be performed in the full analysis set. For the base-
line variables, summary statistics will be constructed
using frequencies and proportions for categorical data,
and means and SDs for continuous variables. Patient
characteristics will be compared using Fisher’s exact test
for categorical outcomes, and t tests or the Wilcoxon
rank sum test for continuous variables, as appropriate.

For the primary analysis, which will be aimed at com-
paring treatment effects, the least squares means
(LSMeans) and their 95% CI, which are estimated using
analysis of covariance (ANCOVA) of the reduction rate
of serum VEGF levels (untransformed) on week 24, will
be compared between the thalidomide and placebo
groups using an ANCOVA model, taking into account
the variation caused by treatment effects and using the
baseline serum VEGF levels (<3000 or >3000 pg/mL)
and evidence of pleural effusion as covariates. To
compare the treatment groups, the difference in
LSMeans and the 95% CIs will be expressed as a propor-
tion of the reference treatment LSMean. The primary
analyses will be performed in the full analysis set without
imputing missing observations. As a sensitivity analysis, a
mixed-effect model for repeated measures (MMRM)
and the last observational carried forward (LOCF), and
the multiple imputation methods will be applied to
examine the effect of missing data. The secondary ana-
lysis will be performed in the same manner as the
primary analysis.

All comparisons are planned and all p values will be
two sided. p Values of <0.05 will be considered statistic-
ally significant. All statistical analyses will be performed
using the SAS software V.9.3 (SAS Institute, Cary, North
Carolina, USA). This statistical analysis plan was devel-
oped by the chief investigator and the statistician at
Chiba University before completion of the patient
recruitment and data collection.

Eihics and disseminalion

Research ethics approval and protocol amendments
Substantial amendments of the study protocol must be
approved by IRB. The trial was notified and registered at
PMDA (No. 22-1716), and at the UMIN Clinical Trials
Registry (UMIN000004179) and JMACCT Clinical Trials
Registry (JMA-IIA00046).

Informed consent

All participants will receive adequate information about
the nature, purpose, possible risks and benefits of the
trial, and on alternative therapeutic choices using an
informed consent approved by IRB. A participant must

be given ample time and opportunity to ask questions
and to consider participation in the trial. A completed
informed consent is required for enrolment in the trial.
The investigators must maintain the original signed
consent form and a copy of the signed consent form.

Confidentiality

To assure confidentiality, trial participants will be allo-
cated a unique trial identification number throughout
the trial.

Dissemination

The findings of this trial will be disseminated through
peerreviewed publications and conference presentations
and will also be disseminated to participants.

DISCUSSION

The J-POST Trial is the first randomised control trial
(RCT) to investigate the efficacy and safety of a thera-
peutic agent for POEMS syndrome. RCTs are essential
to establish quality evidence, although it is generally dif-
ficult to conduct RCTs for rare and severe diseases, such
as POEMS syndrome, from the viewpoints of designing
appropriate study schema and recruiting patients. This
trial can be a prototype RCT for POEMS syndrome and
contribute considerably to the future evolution of treat-
ment for this syndrome.

The application of therapeutic interventions for mul-
tiple myeloma to POEMS syndrome has quite improved
its prognosis.”” *’ In the near future, the number of new
therapeutic choices for multiple myeloma, such as next-
generation immunomodulatory drugs, proteasome inhi-
bitors, signal transduction inhibitors and molecular
targeted drugs, will be available and may be effective for
POEMS syndrome.”” Prospective clinical trials are vital
to establish evidence-based treatment strategies for the
management of the increasing therapeutic choices.
Moreover, RCTs are optimal to prove the efficacy and
safety of each agent, if possible.

There were some limitations to this study. First, the
natural history of POEMS syndrome remains to be eluci-
dated. Patients with POEMS syndrome generally show
subacute deterioration and cannot walk independently
within 1 year of the onset of the disease.™ Conversely, in
some patients, the disease progresses very slowly. At
present, we cannot foresee disease courses exactly at the
initial diagnosis of a patient. Recruiting patients with
various disease courses into the trial can affect the
results substantially. To avoid the recruitment of patients
with specific disease course into either the thalidomide
or placebo group, randomisation will be stratified
according to VEGF levels, which can reflect disease activ-
ity, and pleural effusion, which can sometimes be life-
threatening in POEMS syndrome.

The second limitation was that this trial employed a
surrogate marker, instead of a hard end point, that is,
the reduction rate of serum VEGF level over 24 weeks
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after treatment, as the primary outcome. Markedly ele-
vated serum VEGF levels are specifically found in
patients with POEMS syndrome,” ® © and the characteris-
tic features of this syndrome (eg, pleural effusion,
oedema or angiomata) are consistent with the physio-
logical effects of VEGE such as increased vascular per-
meability and angiogenesis.”® VEGF levels generally
decrease in response to treatment and are considered to
reflect disease activity.”'® In this study, we will also pro-
spectively investigate changes in clinical observations
and laboratory parameters over 18 months, to test the
adequacy of serum VEGF levels as a surrogate end point.
Close observational studies and an appropriate ration-
ale are essential for good-quality prospective clinical
trials, and enable the conduct of RCTs even in rare and
fatal diseases. This study may be a major turning point
in the therapeutic approach for POEMS syndrome, as
well as a model to establish evidence in rare diseases.
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Abstract

Purpose The study was conducted to determine whether se-
rum vascular endothelial growth factor (VEGF) levels are
significantly correlated with subfoveal choroidal thickness
(CT) and foveal thickness (FT) in patients with
polyneuropathy, organomegaly, endocrinopathy, monoclonal
gammopathy, and skin changes (POEMS) syndrome.
Patients and methods In this cross-sectional observational
case series, we studied 31 eyes of 16 treatment-naive patients
with POEMS syndrome with no evidence of fundus abnor-
malities. Subfoveal CT and FT were measured using enhanced
depth imaging optical coherence tomography (EDI-OCT),
and correlations between serum VEGF levels and subfoveal
CT and FT were determined.

Results The mean subfoveal CT was 417.9+73.5 um (right
eye, 416.7+81.2 um,; left eye, 419.04:68.1 um), and the mean
FT was 243.8435.2 pum (right eye, 248.84+22.0 um; left eye,
239.1+44.6 um). There was a significant positive correlation
between the serum VEGF level and subfoveal CT (right eye,
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r=0.58, p=0.021; left eye, r=0.60, p=0.012), but the corre-
lation between the level of serum VEGF and FT was not
significant (right eye, »=0.007, p>0.05; left eye, »=0.25, p>
0.05).

Conclusions The significant correlation between the serum
VEGF level and subfoveal CT in patients with POEMS syn-
drome suggests that choroidal thickness is influenced by the
level of serum VEGF. These results not only aid in an under-
standing of the pathogenesis of ocular changes in patients with
POEMS syndrome, but also offer clues regarding the patho-
genesis of other choroidal diseases.

Keywords POEMS syndrome - Vascular endothelial growth
factor (VEGF) - Subfoveal choroidal thickness - Foveal
thickness

Introduction

The term "POEMS" syndrome refers to a multi-system disor-
der that is characterized by polyneuropathy, organomegaly,
endocrinopathy, monoclonal gammopathy, and skin changes,
and which is associated with plasma cell dyscrasia [1, 2].
Although the pathogenesis of the disease has not been defin-
itively determined, it has been suggested that overproduction
of vascular endothelial growth factor (VEGF) plays an impor-
tant role. VEGF strongly promotes neovascularization and
enhances vascular permeability [3-5], and these changes are
responsible for the characteristic signs of POEMS syndrome,
including angiomata, pleural effusion/ascites, edema, and
organomegaly [3]. It is thought that VEGF is inappropriately
secreted by monoclonal plasma cells [4, 5]; if this can be
proven, these cells could be targeted for the treatment of
POEMS syndrome [5].

@ Springer
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Data on the incidence and the spectrum of ocular abnor-
malities associated with POEMS syndrome are limited, and
the pathogenesis of the disease has not been determined. The
major ocular finding in POEMS syndrome is optic disc edema
[5-7]. Examination of the eyes of patients with POEMS
syndrome using spectral-domain optical coherence tomogra-
phy (SD-OCT) has shown serous retinal detachment (SRD)
[8] and cystoid macular edema (CME) [6]. Conventional SD-
OCT cannot provide clear imaging of the entire choroid, but
such images can be obtained using enhanced depth imaging
(EDD-OCT, and these images can be used to measure the
thickness of the choroid {9]. As such, EDI-OCT has been
used to measure choroidal thickness in normal eyes [10, 11],
in eyes with central serous chorioretinopathy (CSC) [12] and
Vogt-Koyanagi-Harada (VKH) disease [13], in highly myo-
pic eyes [14], and in eyes with retinitis pigmentosa (RP) [15].
However, EDI-OCT has not been used to study the choroid in
eyes with POEMS syndrome.

The purpose of this study, therefore, was to determine the
subfoveal choroidal and foveal thickness in the eyes of pa-
tients with POEMS syndrome, and also to determine whether
there was a significant correlation between subfoveal choroi-
dal thickness and serum VEGF levels.

Methods

We reviewed the medical records of 31 eyes of 16 treatment-
naive patients with POEMS syndrome at the Chiba University
Hospital from November 2011 through September 2013. The
diagnosis of POEMS syndrome was made using criteria
established by Dispenzieri in 2007 [5].

The design and protocol of the study were approved by the
Institutional Review Board of Chiba University Graduate
School of Medicine. All procedures conformed to the tenets
of the Declaration of Helsinki; patients were informed of the
nature of the study, and written consent was obtained.

Patients were excluded if even one eye had any of the
following: (1) axial length greater than 26.5 mm, (2) refractive

Fig.1 Enhanced depth images of
a patient with POEMS syndrome
(Case 12, left eye) with choroidal
thickening. CT choroidal
thickness, FT foveal thickness

@ Springer

error (spherical equivalent)>—6.0 diopters (D); (3) intraocular
pressure >2 1 mmHg; (4) history of intraocular surgery, history
of retinal or choroidal vascular disease, or glaucoma.

Serum samples were obtained from all of the patients, and
data was collected, including best-corrected visual acuity
(BCVA) using Snellen charts, intraocular pressure, refractive
errors, axial length, and slit-lamp and fundus findings.

The major outcomes were subfoveal choroidal thickness
(CT), foveal thickness (FT), and VEGF serum levels. The
changes in the subfoveal CT and FT were determined using
SD-OCT (Heidelberg Spectralis OCT; Heidelberg, Germany)
images (Fig. 1). Each image was obtained using the eye
tracking system, and 100 scans were averaged to increase
the signal-to-noise ratio [9] using an EDI-OCT algorithm.
The subfoveal CT was measured from the outer border of
RPE to the inner border of sclera using software in the Hei-
delberg Spectralis OCT. The subfoveal CT and FT were mea-
sured vertically in a horizontally scanned image through the
center of the fovea. Measurements of OCT images were made
by two of the authors (MK, TO), who were masked to VEGF
serum levels. The average of the two measurements was used.
Differences between the readings of the two observers were
found to be within 10 % of the mean.

Measurement of VEGF serum levels

After the blood samples were collected, they were allowed to
clot at room temperature for about one hour, and were then
centrifuged at 3,000xg for 10 minutes. Serum samples were
stored in aliquots at —80 ° C until analyses were performed.
Enzyme-linked immunosorbent assays (ELISAs) were used to
determine serum VEGF levels (Quantikine HS”, R&D Sys-
tems, Minneapolis, MN, USA). The subfoveal CT and FT were
measured within one week after collection of blood samples.

Statistical analyses

The correlations between the serum VEGF levels and
subfoveal CT and FT in POEMS patients were determined




Graefes Arch Clin Exp Ophthalmol

using Spearman’s rank correlation coefficient. Statistical sig-
nificance was defined as p <0.05.

Results

Sixteen Japanese patients with POEMS syndrome (12 men, 4
women) were studied. The demographics of the patients are
shown in Table 1.

The mean age of patients was 56.3+11.4 years, with a
range from 36 to 75 years, and the mean intraocular pressure

Table 1 Patient characteristics, OCT data, and serum VEGF levels

was 12.3+2.8 mmHg, with a range from 9 to 20 mmHg.
Eleven patients (68.7 %) had optic disc edema detected by
indirect ophthalmoscopy, and the edema was bilateral in seven
patients (43.7 %) and unilateral in four patients (25 %).
Cystoid macular edema (CME) and serous retinal detachment
(SRD) were not detected in any of the eyes by ophthalmosco-
py and SD-OCT. The mean refractive error (spherical equiv-
alent) was —0.40+1.55 diopters (D), with a range from —4.75
to 2.75 D, and the mean axial length was 23.6%1.00 mm, with
a range from 21.8 to 25.7 mm. The mean subfoveal CT was
417.9473.5 um for both eyes; it was 416.7£81.2 pum for the
right eye and 419.0+68.1 wn for the left eye. The mean FT

Patient Age Sex Eye BCVA AL(mm) IOP(mmbg) SED) FT(um) SCT(pm) VEGF(pg/ml) ODE
1 54 F 0D 1 23.5 11 —0.5 280 361 3,380 +
(OX 12 232 13 —0.25 275 379 +
2 59 M oD 1.2 25.1 12 -2 285 465 11,000 +
(0N 12 25.6 12 -2.25 278 432 +
3 66 F OD 1.2 222 13 -0.25 206 396 5,590 -
0S8 12 22 13 -0.75 224 381 +
4 75 M oD 1.2 237 11 2.75 257 399 9,690 -
oS 12 235 12 275 250 408 -
5 50 M OD 0.6 23.1 17 1.5 249 236 1,330 -
oS 0.6 22.6 19 25 122 297 -
6 56 M OD 1 21.8 9 -0.5 233 387 1,760 -
(O 1.2 219 10 05 235 419 +
66 M (O 0.6 219 10 -1 156 409 1,350 -
8 72 M OD 1 232 11 -1 270 350 2,460 -
0OS 1 234 11 -1 285 367 +
9 47 F OD 1.2 23.7 12 -0.25 218 465 4,590 -
oS 12 23.7 13 0 238 389
10 62 M 0oD 12 243 11 -1 252 463 8,430 +
oS 1.2 239 12 -0.75 282 448 +
11 36 M OD 1.2 23.6 10 -1 253 495 7,600 +
oS 02 235 13 -0.5 247 528
12 61 M 0D 0.8 24 20 0 249 581 8,970 -
(¢ 12 239 16 -1 271 467 -
13 55 M 0D 12 229 10 —0.25 240 416 11,200 +
0s 12 229 9 -0.25 239 484 +
14 45 M OD 12 25.7 11 —-4.75 266 332 5,360 +
oS 1.2 253 13 -3.5 265 318 +
15 61 M OD 12 239 16 0.75 225 430 11,900 +
oS 12 23.8 15 0.75 220 425 +
16 36 F OD 1.2 242 9 -0.5 249 475 6,420 +
(0N 24.1 9 -0.75 240 554 +
Mean 56.3 23.6 12.3 -0.4 243.8 4179 6,314
SD 114 1 2.8 1.55 35.2 73.5 3,648

BCVA best-corrected visual acuity, AL axial length, /OP intraocular pressure, SE spherical equivalent, FT foveal thickness, SCT subfoveal choroidal
thickness, OCT optical coherence tomography, VEGF vascular endothelial growth factor, ODE optic disc edema

@_ Springer
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Fig. 2 Correlation between A.Righteye B. Left eye
subfoveal choroidal thickness
(CT) of both eyes and serum VEGF (pg/ml) VEGF (pg/ml)
VEGF levels in patients with 14000 - 14000 -
POEMS syndrome. There was a 12000 -
significant correlation between 12000 - M
subfoveal CT and serum VEGF in 10000 - 10000 -
patients with POEMS syndrome. 8000 - 2000 -
(a) right eye, r=0.58, p=0.021, 6000 - 6000 -
(b) left eye, r=0.60, p=0.012, |
Spearman’s rank correlation 1000 4000 -
coefficient 2000 - 2000 -
0 : . : 0 : : . :
0 200 400 600 800 0 200 400 600 800

was 243.8+35.2 wum for both eyes; it was 248.8422.0 um in
the right eyes and 239.1+44.6 pm in the left eyes. The mean
serum VEGF level among patients was 6,314+3,648 pg/ml,
with arange of 1,330 to 11,900 pg/ml, which is almost 30-fold
higher than that of normal subjects (219 pg/ml) [16].

There was a significant positive correlation between the
serum VEGF level and subfoveal CT (right eye, #=0.58, p=
0.021; left eye, r=0.60, p=0.012; Fig. 2). In addition, there
was a strong positive correlation between the subfoveal CT of
right eyes and left eyes (r=0.77, P=0.00034). On the other
hand, the correlation between the serum VEGF levels and FT
was not significant for the right eyes (»=0.007, p >0.05) or left
eyes (r=0.25, p>0.05; Fig. 3.).

Discussion

The pathogenesis of POEMS syndrome is complex, and sev-
eral systemic factors are thought to be involved. The results of
several studies have suggested that hyperproduction of VEGF
by abnormal plasma cells is the major contributor to the
development of POEMS syndrome [1, 2]. We found
bilateral optic disc edema in seven patients (43.7 %),
which is consistent with reports that bilateral optic disc

Subfoveal CT (um) Subfoveal CT (um)

edema was the most common (30-70 %) sign associated
with POEMS syndrome [5-7].

The difference in serum VEGF concentrations between
patients with and without optic disc edema was not significant
(p=0.35). It has been reported that both elevated intracranial
pressure (ICP) [2, 17] and elevated VEGF concentration [6]
are causes of optic disc edema in patients with POEMS
syndrome. The difference in serum VEGF concentration be-
tween patients with and without optic disc edema was not
considered significant, as elevated ICP may have affected
optic disc edema in our patients.

Subfoveal CT in normal eyes, as determined by EDI-OCT,
has been reported from 254 to 354 um [9-11, 18-20]. Studies
have also shown that age [10, 14], intraocular pressure {21,
22], refractive error [14], and axial length [21, 22] can affect
CT. In addition, the choroid in highly myopic eyes is very thin
and undergoes further thinning with increasing age and degree
of myopia [14]. An increase in the IOP is associated with
choroidal thinning and elongation of the axial length [21]. The
mean age of our patients was 56.3+11.4 years (range from 36
to 75 years), the mean intraocular pressure was 12.3+
2.82 mmHg (range, 9 to 20 mmHg), and the mean axial length
was 23.6+1.0 mm (range, 21.8 to 25.7 mm). The correlation
between age and the subfoveal CT was not significant (r=
0.20, p=0.26). There was also no significant correlation

Fig. 3 Correlation between A.Right eye B. Left eye
foveal thickness (FT) of both eyes
and serum VEGF levels in VEGF (pg/ml) VEGF (pg/ml)
%tltients V\iitg P%E’i\\/IVS syﬁclirc;n%e. 14000 - 14000 -
The correlation between the
and serum VEGF in patients with 12000°- *e o, 120004 ‘e .
POEMS syndrome was not 10000 - K 10000 - ..
significant. (a) right eye, r= 8000 - : 8000 - R
0.007, p>0.05, (b) left eye, 1= 6000 - @ o 6000 - o .
0.25, p>0.05, Spearman’s rank 4000 - AN 4000 - ¢,
correlation coefficient 2000 - s, * 2000 - . . °
0 : ; : 0 . , ,
0 100 200 300 0 100 200 300
FT (um) FT (m)
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between intraocular pressure and subfoveal CT (=0.14, P=
0.44). Likewise, the correlation between axial length and the
subfoveal CT was not significant (r=0.15, p=0.40). Thus, the
effects of age, intraocular pressure, and axial length were most
likely minimal in our cases, and the mean subfoveal CT
(417.9+73.5 um) was thicker than that reported among stud-
ies for normal eyes (254 to 354 um) [9-11, 18-20].

The increased choroidal thickness may be due to increased
choroidal vascular permeability caused by the higher levels of
VEGEF. VEGF is a cytokine that targets endothelial cells,
inducing neovascularization and enhancing vascular perme-
ability [23, 24]. An increase in microvascular permeability is
supported by the presence of edema elsewhere in the body—
e.g., lower extremities, abdomen, pleura, and pericardium—in
patients with POEMS syndrome [25]. In this study, edema
was present elsewhere—e.g., lower extremities, abdomen,
pleura, and pericardium—in most patients.

Alterations in the function and structure of the choroid are
known to play a role in the pathogenesis of several ocular
disorders. Recent studies have shown that eyes with central
serous chorioretinopathy (CSC) [12] and Harada disease [13]
have greater subfoveal choroidal thickness. The thickened
choroid in CSC may be due to increased vascular permeabil-
ity, and in Harada disease it may be due to inflammation of the
choroid.

Cystoid macular edema (CME) and serous retinal detach-
ment (SRD) have been reported in eyes of patients with
POEMS syndrome [8, 26]. Imai et al. [26] suggested that
CME in these cases was due to elevated serum VEGF and
not to the VEGF secreted from retinal tissues. It has been
reported that patients with POEMS syndrome can develop
SRD or macular edema (ME) during the course of the disease
process [6, 8, 26]. In our cases, the foveal thickness of the left
eyes in Cases 5 and 7 were very thin, although we could not
find a history of retinal and choroidal diseases. Because these
patients had a longer duration of POEMS syndrome, the optic
disc edema, SRD, and ME might have developed unknow-
ingly during the course of the disease. Thus, we believe that
these disease processes may have caused the reduction in
retinal thickness, although we did not detect signs of these
diseases in either case during the study. In Case 7, the right eye
was phthisic due to trauma that occurred in childhood. Thus,
data of the right eye in Case 7 are not known.

In contrast, the correlation between the serum levels of
VEGF and FT was not significant. It is well known that VEGF
is a cytokine that can affect vascular permeability via intra-
vascular compartments [23, 24]. The reason why such high
serum VEGF did not cause retinal edema is that the increased
levels of serum VEGF in the choroidal vasculature may be due
to the larger caliber and greater volume of flow in comparison
with the retinal circulation. Thus, high serum VEGF may not
cause retinal edema, and the serum levels of VEGF may have
a greater effect on choroidal than on retinal tissues.

Our study had several limitations. First, the possible effects
of other factors such as systemic or topical medications,
diurnal variations, and nutrition on choroidal thickness must
be taken into consideration. Second, our results cannot answer
the question of a cause—effect relationship between increased
serum levels of VEGF and increased choroidal thickness.
Further studies are needed to determine whether treatment of
POEMS syndrome such as high-dose chemotherapy with
autologous peripheral blood stem-cell transplantation (auto-
PBSCT), anti-VEGF monoclonal antibody (bevacizumab)
therapy, and thalidomide therapy can lead to a decrease in
choroidal thickness due to a reduction in serum VEGF level.
Positive results would support the idea that the higher levels of
serum VEGF were the cause of the thickened choroid in
patients with POEMS syndrome. Finally, we are not able to
conclude that serum levels of VEGF influence choroidal
thickness in normal eyes. Further studies with a large sample
size may help to explain the role of serum VEGF in the
choroid of normal eyes.

In conclusion, we showed that a significant correlation
between serum level of VEGF and subfoveal CT was present
in patients with POEMS syndrome. These results not only aid
in understanding the pathogenesis of ocular changes in pa-
tients with POEMS syndrome, but also offer clues on the
pathogenesis of other choroidal diseases.
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