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Abstract

Background: POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin
changes) syndrome still has no standard treatment. On the basis that both POEMS syndrome and myeloma have
an underlying plasma cell dyscrasia, anti-myeloma therapy can be expected to be useful for POEMS syndrome.
Chimeric antigen receptor T (CAR-T) cells targeting B cell maturation antigen (BCMA) has been used in the
treatment of relapsed and refractory multiple myeloma (RRMM). No POEMS syndrome cases treated with anti-BCMA
CAR-T cells have been reported.

Case presentation: Here, we, for the first time, report a POEMS syndrome case treated with anti-BCMA CAR-T cells.
A 49-year-old female with incapacitating POEMS syndrome that progressed on lenalidomide treatment was
enrolled in a phase I study involving anti-BCMA CAR-T cells (ChiCTR-OPC-16009113). Another patient with RRMM
who had undergone six prior lines treatments was also enrolled in the study. They received infusions of anti-BCMA
CAR-T cells. Both patients achieved a stringent complete response. Complete remission persisted in the patient with
POEMS syndrome and lasted for 7.6 months before a relapse in RRMM patient. Both patients had toxicity consistent
with the grade 1 cytokine release syndrome.

Conclusions: This is the first report of treatment by anti-BCMA CAR-T cells in POEMS syndrome. Our findings
demonstrate the anti-BCMA CAR-T cell treatment may be a feasible therapeutic option for patients with POEMS
syndrome and RRMM who do not respond well to traditional therapies.

Trial registration: ChiCTR-OPC, ChiCTR-OPC-16009113. Registered 29 August 2016.

Keywords: Chimeric antigen receptor T cells, B cell maturation antigen, Remissions, Multiple myeloma, POEMS
syndrome

Introduction
New treatment strategies for multiple myeloma (MM), a
malignant hematopathy derived from plasma cells, are
yet to be developed due to increasing prevalence of
refractory/relapsed cases showing resistance to conven-
tional therapy [1–4]. The POEMS syndrome, character-
ized by a collection of polyneuropathy, organomegaly,
endocrinopathy, myeloma protein, and skin changes, is a

rare paraneoplastic disorder caused by plasma cell
dyscrasia, with poor prognosis and lack of standard
treatment. Recent studies have shown that therapy by
chimeric antigen receptor T (CAR-T) cells had a good
effect on malignant hematological diseases including
MM [5–10]. Carpenter et al. for the first time reported
in vitro and in vivo anti-myeloma effects of anti-BCMA
CAR-T cells [11]. Succeeding clinical investigations
taking anti-BCMA CAR-T cells against relapsed/refrac-
tory MM (RRMM) have observed improved response
and possibly curable effects [9, 10]. Considering the
close similarity in pathology and potential efficacy of
anti-myeloma regimens against POEMS can be expected
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a treatment effect by anti-BCMA CAR-T cells in subjects
with POEMS [12, 13]. In this report, two cases with
plasma cell dyscrasia (a POEMS and an RRMM) treated
with anti-BCMA CAR-T cells are presented and
reviewed the literature on clinical trials concerning
anti-BCMA CAR-T cells in MM.

Case presentation
Case 1
A 49-year-old female presented to our hospital in
September 2016 due to numbness and weakness in both
lower extremities for 2 weeks. Because of progressive
weakness involving both lower limbs, the patient became
disabled with unstable gait, unable to walk independ-
ently. Physical examination showed 4-grade muscle
strength of both lower legs. After admission, detailed
examinations were performed. Electromyogram revealed
findings consistent with an acquired demyelinating poly-
neuropathy with increased distal latencies, conduction
blocks, prolonged F wave latencies, and reduced conduc-
tion velocity. The cerebrospinal fluid examination was
normal. Ultrasonography detected splenomegaly, ascites,
pericardial effusion, and pleural effusion. No signs of
sclerotic or lytic lesions were noted in X-ray or CT
scans. Blood cell count and clinical biochemistry exami-
nations were normal. Serum monoclonal protein was
detected by serum protein electrophoresis. A largely ele-
vated serum vascular endothelial growth factor (VEGF)
level (2350.0 pg/mL) was detected by enzyme-linked
immunosorbent assay (ELISA). Decreased cortisol and
thyroxine level was recorded. Bone marrow aspiration
and biopsy identified monoclonal plasma cells. Accord-
ing to immunohistochemistry (IHC) analysis, plasma
cells (CD138+) accounted for 3%, and BCMA and
CD138 expression was highly concordant (Fig. 1a). 1.1%
of cells were considered monoclonal plasma cells in flow
cytometry (Fig. 1c). According to the latest diagnostic
criteria for POEMS [14, 15], the diagnosis of POEMS
syndrome, in this case, was established based on the fol-
lowing evidence: major items including polyneuropathy,
monoclonal plasma cell neoplasm, and elevated serum
VEGF and minor items including splenomegaly, endo-
crine abnormality, and extravascular volume overload.
We started treatment with lenalidomide (25 mg/day

for 21 days of a 28-day cycle) and once-weekly
dexamethasone (10 mg). Serum monoclonal protein
drastically decreased and neuropathy relieved after
treatment for two cycles; however, frequent episodes of
treatment-related orthostatic hypotension resulted in
dose reduction of lenalidomide (10 mg/day for 21 days
of a 28-day cycle) for the next 3 months. The serum
monoclonal protein was largely reduced, and walking
difficulty alleviated. However, the serum monoclonal
protein quickly re-augmented, and symptoms worsened

as low-dose treatment continued (Fig. 2a). The patient
refused recommended salvage treatment with the
bortezomib-based regimen or autologous stem cell
transplantation (ASCT). Considering the reported
anti-myeloma effects of anti-BCMA CAR-T cells [7, 8]
and abundant expression of BCMA on monoclonal
plasma cells (98.6% as revealed by flow cytometry)
(Fig. 1c) and elevated serum BCMA (Fig. 2b) in this
patient, we encouraged her to participate in a clinical
trial involving anti-BCMA CAR-T treatment, to which
she agreed. Chemotherapy (fludarabine 25 mg/m2 and
cyclophosphamide 20 mg/kg) was administered 4, 3, and
2 days before the first infusion of CAR-T cells (June 25,
2017) which was followed by two infusions administered
once daily for the next 2 days. The effective anti-BCMA
CAR-T cells totaled /1 × 107/kg (Fig. 3b).
The patient developed a fever (37.4 °C, peaked 39.2 °C

on the next day, and lasted for 7 days) and tachycardia
about 24 h after the first infusion. The peak of serum
ferritin and IL-6 (17.5 times higher than baseline) was
detected on the third-day post-infusion, which was just
the time where toxicity culminated (Fig. 2c). Cytopenia
was observed but not central nervous system (CNS)
toxicities. White blood cells and neutrophils returned to
normal on the tenth day after infusion. No infusion of
red blood cells or platelets was required during the
entire treatment period (Fig. 2d). All coagulation and
biochemistry parameters remained normal over the
treatment period. She experienced grade 1 cytokine
release syndrome (CRS), which was graded as described
[16, 17]. The CAR-T cells remained detectable, and B
cells gradually returned to normal levels in the blood
10 months after infusion (Fig. 2e).
Her serum monoclonal protein started to decrease

15 days after CAR-T cells infusion and became undetect-
able 90 days after infusion (Fig. 2a). The soluble BCMA
and VEGF levels also decreased in a short time after
treatment (Fig. 2b). Sixty days post-infusion, no abnor-
mal plasma cells were found by bone marrow aspiration
or flow cytometry (Fig. 1b, d), and she was able to do
some cooking and walk without difficulty. An electro-
myogram showed that the conduction velocity of
bilateral tibial nerves, peroneal nerves, sural nerves, and
superficial peroneal nerves recovered, and the sensory
nerve action potential (SNAP) amplitude was in normal
range. F waves from bilateral tibial nerves showed a
normal latency of 26.7 ms.

Case 2
The patient received a diagnosis of IgA lambda multiple
myeloma in November 2012, at the age of 59 years, after
presenting with anemia and multiple bone lesions. She
received induction therapy with 4 cycles of cyclophos-
phamide, bortezomib, and dexamethasone (CyBorD)
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which resulted in complete remission and high-dose
melphalan (200 mg/m2 of body surface area) followed by
ASCT as consolidation. Approximately 27 months later,
the disease progressed, and 62% of her bone marrow
cells were plasma cells. Subsequent treatment included
regimens incorporating clarithromycin, lenalidomide,
bortezomib, dexamethasone, and daratumumab. Accord-
ing to the International Myeloma Working Group
(IMWG) response criteria [18], the response was poor,
and the disease kept progressing. In August 2017, after
the failure of six prior lines of treatment, the patient was
enrolled in the aforementioned trial and received

anti-BCMA CAR-T cells. A bone marrow biopsy showed
a 25% myeloma involvement. CD138 and BCMA
co-expression were revealed by IHC (Fig. 4a). Largely
elevated serum soluble BCMA was detected by ELISA
(Fig. 4c). Risk factors were noted, including a complex
karyotype, t (4;14) translocation, and gain of 1q21. The
treatment protocol was the same as case 1’s except that
only two infusions of CAR-T cells were given and the
effective cells totaled 5.6 × 106/kg (Fig. 3c). The patient
was febrile for 7 days with a maximum temperature of
38.6 °C (Fig. 4e). The serum ferritin and IL-6 peaked
respectively on the seventh- and sixth-day post-infusion,

Fig. 1 Bone marrow core biopsy and cell samples obtained before and after anti-BCMA CAR-T cells infusion a Hematoxylin and eosin staining,
Immunohistochemical (IHC) staining for CD138 and BCMA. Bone marrow cells were 3% plasma cells as shown by CD138 staining at 7 days before
the anti-BCMA CAR-T cells infusion. BCMA expression was uniform on the CD138 positive plasma cells (original magnification, × 400). b No
plasma cells on hematoxylin and eosin staining, CD138, and BCMA immunostaining on day 60 after anti-BCMA CAR-T cells infusion (original
magnification, × 400). c Flow cytometry showed uniform BCMA expression on CD38-positive malignant plasma cells before the anti-BCMA CAR-T
cells infusion. d No plasma cells in the bone marrow cells on day 60 after anti-BCMA CAR-T cells infusion
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which was also the time where toxicity culminated
(Fig. 4e). Pancytopenia was observed, and there was no
CNS toxicity. White blood cells and neutrophils
returned to normal 12 days after infusion. The patient
was platelet transfusion dependent from day 2 until day
21 after CAR-T cell infusion. All coagulation and bio-
chemistry parameters were normal over the whole treat-
ment period. She experienced grade 1 CRS. The CAR-T
cells remained detectable, and B cells gradually returned
to normal levels in the blood 10 months after infusion
(Fig. 4d).
Serum monoclonal protein and free lambda (λ) light

chain levels substantially decreased 15 days after treatment.

Serum monoclonal protein became undetectable 90 days
post-infusion and remained undetectable for the next
5 months (Fig. 4c). Soluble BCMA level in the serum
also decreased sharply in a short time post-infusion
(Fig. 4c). Bone marrow MM cells were not detected by
bone marrow aspiration and CD138 staining 90 days
after CAR-T cell infusion (Fig. 4b). The response to
treatment was stringent CR. At the about 8th month,
serum monoclonal IgA-λ recurred (Fig. 4c), which
indicated MM relapse, but the patient was free of
abnormal routine blood test findings and bone pain.
Serum monoclonal protein and free λ light chain levels
kept increasing as MM progressed and serum BCMA

Fig. 2 Measures of POEMS syndrome burden and clinical responses to infusions of anti-BCMA CAR-T cells. a The trend in IgG and M spike
concentrations on the course of the all treatment, with PDN combined HGG, with LEN combined DXM and anti-BCMA CAR-T cells infusion.
b Serum soluble BCMA and VEGF of the patients was measured by ELISA before, and after anti-BCMA CAR-T cells infusion, they both decreased
post-treatment obviously. c Twenty-four hours after anti-BCMA CAR-T cells infusion, the patient became febrile. She was febrile for 7 days. The
plot shows the maximum temperature for each day. Serum levels of cytokines were measured at the indicated time points. Levels of IL-6
and ferritin elevated markedly on day 3 and then dropped quickly. d Changes in the white blood cell and platelet count, hemoglobin level.
e Anti-BCMA CAR-T cells engraftment, measured by means of flow cytometry as the number of cells per cubic millimeter, and the corresponding
B cell frequencies, measured as the number of cells per cubic millimeter (in peripheral blood)
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protein level as well (Fig. 4c). She had biochemical
recurrence 7.6 months after treatment. However, the
patient refused further bone marrow examination.

CAR-T cell production
Autologous peripheral blood mononuclear cells
(PBMCs) were cultured with an anti-CD3 monoclonal
antibody to induce T cell proliferation. The anti-BCMA
CAR was encoded by a lentiviral vector containing a
murine anti-BCMA single-chain variable fragment, a
CD8a hinge, the CD28 transmembrane regions and
intracellular domain, and CD3- ζ T cell activation
domain (Fig. 3a). The anti-BCMA CAR-T cells were
cultured for 14 days before infusion.

Discussion
Our work demonstrated that anti-BCMA CAR-T cell
treatment has a significant effect in patients with plasma
cell dyscrasia, i.e., POEMS syndrome and RRMM. The
POEMS syndrome case we describe had a rapidly
progressing and disability-causing neurological disease
that showed poor response to conventional therapy. She
responded favorably to anti-BCMA CAR-T cells therapy.
To the best of our knowledge, this is the first case report
of anti-BCMA CAR-T cell treatment for POEMS
syndrome. The patient had a dramatic improvement in

neuropathy and functional status. Ten months after in-
fusion, the anti-BCMA CAR-T cells were still detectable,
and the number of B cells returned to normal levels in
peripheral blood. An extended duration of CR without
any treatment is expected, and the patient’s immune sys-
tem recovered steadily. Another primary concern is the
safety of anti-BCMA CAR-T cell treatment for POEMS
syndrome. In this case, the patient developed grade 1
CRS. During the procedure, red blood cells and platelets
were not infused, and white blood cells recovered
quickly, which significantly reduced the risk of infection
in the patient.
The study also suggested that anti-BCMA CAR-T cells

have substantial anti-MM activity. A female patient with
RRMM achieved CR after infusion of anti-BCMA
CAR-T cells. The patient presented grade 1 CRS, which
was characterized by fever and nausea. However, MM
recurred with disease-free survival of 7.6 months. Our
results were consistent with published studies [9, 10].
MM has been shown to be a phenotypically heteroge-
neous malignancy, with numerous sub-clones within the
same patient [19–21], which may increase the risk of
failure from single-antigen therapies; another cause of
recurrence may be a loss of BCMA expression on malig-
nant plasma cells. Because the patient refused further
bone marrow examination, the proportion of malignant

Fig. 3 Construction of BCMA-specific CAR and protocol of anti-BCMA CAR-T cell infusions following chemotherapy. a Schematic diagram of
anti-BCMA CAR vector. SP signal peptide, VH variable H chain, L linker, VL variable L chain. A protocol of CAR-T infusion in combination with
chemotherapy. Chemotherapy included fludarabine and cyclophosphamide. CAR-T cells were infused at a total dose of 1 × 107/kg for 3 days
(b a patient of POEMS syndrome) and 5.6 × 106/kg for 2 days (c a patient of multiple myeloma)
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plasma cells and the expression of BCMA in the bone
marrow were unclear. Ongoing efforts are attempting to
make anti-BCMA CAR-T therapy more potent, safe, and
affordable for patients. The CAR-T therapies are being
developed to overcome relapse due to a reduced tumor
antigen, including modification of T cells with two dis-
tinct CAR molecules with two different binding domains

or one CAR molecule with two different binding
domains in tandem [22–24].
It has been recently shown that serum BCMA levels

correlated with clinical status and tumor burden of MM
patients [9, 10, 25]. In our study, serum BCMA in both
patients was largely elevated before anti-BCMA CAR-T
cell infusion, decreased substantially after treatment, and

Fig. 4 Measures of multiple myeloma burden and clinical responses to infusions of anti-BCMA CAR-T cells. a Before protocol treatment, the
patient had a hypercellular bone marrow (hematoxylin and eosin). Bone marrow cells were 25% plasma cells as shown by CD138 staining. BCMA
expression was obvious (original magnification, × 400). b Three months after CAR-T cell infusion, bone marrow plasma cells were completely
absent as shown by the negative CD138 and BCMA staining (original magnification, × 400). c The trend in the patient’s serum M spike, free light
chains, and BCMA concentrations after anti-BCMA CAR-T cells infusion, all of which decreased obviously. In the eighth month, these indicators
began to rise. d Anti-BCMA CAR-T cells engraftment, measured by means of flow cytometry as the number of cells per cubic millimeter, and the
corresponding B cell frequencies, measured as the number of cells per cubic millimeter (in peripheral blood). e 72 h after CAR-BCMA infusion, the
patient became febrile. She was febrile for 7 days. The plot shows the maximum temperature for each day. The levels of IL-6 and ferritin
was elevated
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maintained a lower level during disease remission. As
the disease recurred and progressed, the serum mono-
clonal protein and free light chains started to increase,
so as serum BCMA. Our results confirmed previous
findings [25] and validated that serum BCMA level may
be a reliable marker for monitoring and outcome predic-
tion in MM patients [26].
Anti-BCMA CAR-T cell therapies have shown impres-

sive anti-myeloma activities (some reaching 90–100%) in
certain preclinical and/or clinical investigations (see
Table 1), which is reviewed below.
The National Cancer Institute (NCI) investigators for

the first time published pre-clinical data on MM treat-
ment using anti-BCMA CAR-T cells [9, 10]. Twenty six
heavily treated MM patients were enrolled. They have
continued to conduct a dose escalation trial demonstrat-
ing the potential for dramatic responses induced by this
treatment modality for MM. Of the 10 patients treated
with lower doses of anti-BCMA CAR-T cells (0.3–3.0 ×
106/kg), one patient experienced a very good partial
response (VGPR) that lasted 8 weeks, eight patients had
a stable disease that lasted from two to 12 weeks, and
one patient had a transient partial response (PR). Of 16
patients treated at the highest dose level (9 × 106 CAR-T
cell/kg), 13 had PR or better response. The overall
response rate for patients receiving 9 × 106/kg was 81%,
with 63% as VGPR or CR. Median event-free survival
was 31 weeks. Treatment toxicity was mild at lower dose
levels, with no CRS of grades 3 or 4 at cell doses of 0.3
to 3 × 106/kg. At a cell dose of 9 × 106/kg, CRS-related
toxicities were substantial.

Cohen et al. [27] also reported their initial findings
from a phase I trial at the University of Pennsylvania to
explore the effects of anti-BCMA CAR-T cells in
RRMM. This study used an anti-BCMA CAR with fully
human antibody variable regions. The patients included
in this trial were not screened for BCMA expression.
Three cohorts were enrolled sequentially, and the
objective was to collect preliminary data about safety, ef-
ficacy, and kinetics of expansion with the following pro-
tocols: (1) CAR-T cells alone at a dose of 1 to 5 × 108/kg,
(2) 1.5 g/m2 of cyclophosphamide with 1 to 5 × 107/kg
CAR-T cells, and (3) 1.5 g/m2 of cyclophosphamide with
1 to 5 × 108/kg CAR-T cells. CAR-T cells were given as
split-dose infusions. Twenty-four patients (median prior
lines of therapy were seven) were evaluable; 96% had
high-risk cytogenetics, including 71% with del(17p) or
TP53 mutation, and a median 70% plasma cells on bone
marrow biopsy. In cohort 1 (nine patients), four patients
(44%) achieved ≥ PR response after CAR-T singlet
treatment. In cohort 2, only one (20%) of five patients
responded to the combination of cyclophosphamide and
a tenfold lower dose of CAR-T, and this cohort was
stopped early. In cohort 3, incorporation of cyclophos-
phamide with the higher dose (i.e., 1 to 5 × 108) of
CAR-T cells led to a disease response in six (60%) of ten
patients. The median duration of response was 4 months,
and there were ongoing responses in four patients
(range, 3 to 24 months). Toxicities were similar with
those reported in earlier studies, with severe CRS in 33%
(8 of 24 patients) and severe neurotoxicity in 12.5% (3 of
24 patients).

Table 1 Clinical trials of anti-BCMA CAR-T cells for MM

Institution NCI Upenn Bluebird Multi-Inst
(Bb2121)

Nanjing Legend
(LCAR-B38M)

MSK

Scfv derived from Murine hybridoma Human library Murine hybridoma Murine hybridoma Human
library

Co-stimulatory domain CD28 4-1BB 4-1BB 4-1BB 4-1BB

Gene transfer Retrovirus Lentivirus Lentivirus Lentivirus Retrovirus

Conditioning Cy + Flu Cohort 1: none
Cohorts 2 and 3: Cy

Cy + Flu Cy Cy + Flu

BCMA Ag required > 50% No requirement > 50% “Clear expression” > 1%

ClinicalTrials.gov
identifier/reference

NCT022159679,10 NCT0254616727 NCT0265892928 NCT0309065929 NCT03070327

Median prior lines 7 9 7 3 Not yet
reported

Accrual Completed
(26 patients)

Completed (24 patients,
data reported)

Ongoing (21 patients,
data reported)

Ongoing (19 patients,
data reported)

Not yet
reported

Response 13 Of 16 (81%)
ORR at highest dose

6 Of 10 (60%) ORR at high dose
with Cy conditioning

17 Of 18 (94%)
ORR at higher doses

19 Of 19 (100%) ORR Not yet
reported

Elimination gene No No No No Truncated
EGFR

NCI National Cancer Institute, UPenn University of Pennsylvania, MSK Memorial Sloan Kettering, scFv single chain variable fragment, Cy + Flu cyclophosphamide+ fludarabine
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Berdeja et al. [28] reported updated data about the
dose escalation part of an anti-BCMA CAR-T multi-
center trial conducted by bluebird bio. Four dose
levels (50, 150, 450 and 800 × 106 CAR-T cells) were
explored in 21 patients with RRMM (median prior
lines of therapy was 7). Responses were seen in 18
(86%) of 21patients, including 17 (94%) of 18 patients
treated at doses of 150 × 106 CAR-T cells or higher.
Ten patients achieved PR (seven confirmed). With a me-
dian follow-up of 40 weeks, only four patients who experi-
enced a response had subsequent progression, and the
median progression-free survival was not reached; five
patients had ongoing responses for more than 1 year. No
treatment-related grade 3 or higher neurotoxicities were
observed. CRS was primarily grade 1 or 2.
Nanjing Legend is conducting a trial in China with

exciting early results [29]. A total of 19 patients with
RRMM were enrolled in the trial. The median number of
infused LCAR-B38M CAR-T cells was 4.7 (0.6 ~ 7.0) ×
106/kg. The median follow-up was 208 (62 ~ 321) days. A
100% objective response rate (ORR) was observed in
RRMM patients. Eighteen out of 19 (95%) patients
reached CR or VGPR status without myeloma-related bio-
chemical and hematologic abnormalities in a median
follow-up of 6 months. The majority (n = 14) of the
patients experienced mild or manageable CRS, and the
rest (n = 5) were even free of diagnosable CRS. This trial
differs from the others in that the patients were treated at
a significantly earlier phase in their treatment course, with
median prior lines of therapy being 3, compared to 7–9 in
other trials reported.
In addition to the trials described here, other trials of

anti-BCMA CAR-T cells [30], including three in combin-
ation with other CAR-T cells, have been opened since
March 2018. Initial data are expected by late 2018 or
early 2019.

Conclusions
The anti-BCMA CAR-T cell treatment may be a feasible
therapeutic option for patients with POEMS syndrome
and RRMM who do not respond well to traditional
therapies.
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Additional file 1: Effect of soluble BCMA on anti-BCMA CAR-T cells en-
gagement with BCMA+ tumor cells. (DOCX 825 kb)
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