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Abstract 

Background: Transplant-eligible patients with polyneuropathy, organomegaly, endocrinopathy, M-protein, skin 
changes syndrome are treated with induction therapy and autologous stem cell transplantation. Conventional induc-
tion therapies may exacerbate neuropathy and a high rate of disease progression within 5 years. Furthermore, only 
50% of patients are able to walk independently after the therapies. Daratumumab, lenalidomide, and dexamethasone 
therapy has been reported as a less neurotoxic, highly effective therapy for patients with polyneuropathy, organo-
megaly, endocrinopathy, M-protein, skin changes syndrome who are ineligible for transplant or whose syndrome is 
relapsed/refractory, but no reports have provided data from untreated transplant-eligible patients.

Case presentation: A 34-year-old Japanese woman displayed weakness, pain and edema in the lower limbs, 
decreased grip strength, amenorrhea, and abdominal distention. She was unable to walk independently. The patient 
was diagnosed with polyneuropathy, organomegaly, endocrinopathy, M-protein, skin changes syndrome and 
performed four courses of daratumumab, lenalidomide, and dexamethasone therapy, which enabled her to walk 
independently and did not exacerbate the neuropathy. Hematopoietic stem cells were collected using plerixafor 
and filgrastim in combination. Autologous stem cell transplantation was performed with high-dose melphalan. At 
3-month post-transplantation follow-up, most of her clinical symptoms had disappeared.

Conclusions: Daratumumab, lenalidomide, and dexamethasone therapy followed by autologous stem cell trans-
plantation may be more effective than conventional therapy for newly diagnosed polyneuropathy, organomegaly, 
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Background
Transplant-eligible patients with polyneuropathy, orga-
nomegaly, endocrinopathy, M-protein, skin changes 
(POEMS) syndrome are treated with induction therapy 
and autologous stem cell transplantation (ASCT). Tha-
lidomide and dexamethasone (Td) therapy [1] and lena-
lidomide and dexamethasone (Ld) therapy [2, 3] have 
been used as induction therapy. However, concerns have 
been raised that thalidomide may exacerbate neurologi-
cal damage, and these therapies followed by ASCT have 
a high rate of disease progression within 5  years [1, 3]. 
Furthermore, only 50% of patients are able to walk inde-
pendently after the therapies [3]. Daratumumab, lena-
lidomide, and dexamethasone (DLd) therapy has been 
reported as a less neurotoxic, highly effective therapy 
for patients with POEMS syndrome who are ineligible 

for transplant or those with relapsed/refractory POEMS 
syndrome [4, 5], but no reports have provided data from 
untreated transplant-eligible patients. In this report, we 
describe a case of newly diagnosed POEMS syndrome in 
which ASCT was performed after DLd therapy.

Case presentation
A 34-year-old Japanese  woman displayed weakness, 
hypoesthesia, pain and edema (grade 1 according to 
National Cancer Institute Common Terminology Cri-
teria for Adverse Events version 5.0) in the lower limbs, 
decreased grip strength, night sweats (grade 2), amenor-
rhea, abdominal distention, fatigue (grade 2), and weight 
loss of 10% in 6  months. Computed tomography (CT) 
revealed systemic lymphadenopathy, hepatosplenomeg-
aly, ascites (grade 2), and multiple osteosclerosis (Fig. 1), 

endocrinopathy, M-protein, skin changes syndrome. Although there was concerns that daratumumab, lenalidomide, 
and dexamethasone therapy might lead to poor mobilization of hematopoietic stem cells, this was overcome with 
the combination of plerixafor and filgrastim. The benefit of daratumumab, lenalidomide, and dexamethasone as 
induction therapy prior to autologous stem cell transplantation should be confirmed in future clinical trials.
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Fig. 1 Computed tomography before treatment. a Cervical lymphadenopathy (reddish brown arrows); b hepatosplenomegaly; c right external iliac 
lymphadenopathy (reddish brown arrow) and ascites; d osteosclerosis of the ilium (blue arrow)
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and she was referred to our department on suspicion of a 
hematological disease.

On admission, Eastern Cooperative Oncology Group 
performance status was 2. Overall Neuropathy Limita-
tions Scale (ONLS) score was 2 for the arm grade and 
3 for the leg grade (total score, 5). She was unable to 
walk independently and had to take a leave of absence. 
Peripheral sensory neuropathy and peripheral motor 
neuropathy were classified as grade 3. Nerve conduction 
velocity testing showed demyelinating polyneuropathy 
with a lower-extremity predominance. Serum electro-
phoresis and immunofixation showed a level of 1.81 g/dL 
for immunoglobulin A λ-type monoclonal protein. Bone 
marrow examination showed 3% plasma cells, and flow 
cytometry showed a λ bias. Human herpesvirus-8 deoxy-
ribonucleic acid quantification in plasma was negative, 
and cervical lymph node biopsy revealed multicentric 
mixed-type Castleman disease (Fig.  2). Positron emis-
sion tomography–CT showed abnormal fluorodeoxyglu-
cose (FDG) accumulations and a maximum standardized 
uptake value  (SUVmax) of 6.91, consistent with cervical, 
axillary, para-aortic, and pelvic lymphadenopathy and 

sclerotic lesions of the humerus, lumbar spine, ilium, 
and femur (Fig. 3). The serum level of vascular endothe-
lial growth factor (VEGF) was 5000  pg/mL. Endocrine 
examination revealed central amenorrhea and subclinical 
hypothyroidism. Hyperpigmentation, hypertrichosis, and 
glomerular hemangiomas were observed. Papilledema 
(grade 1) and thrombocytosis were also observed. Plate-
let count was 447,000/μL. Respiratory function testing 
showed a diffusion capacity for carbon monoxide of 53%.

The diagnosis of POEMS syndrome is confirmed 
when both of the mandatory major criteria, one of the 
other three major criteria, and one of the six minor 
criteria are met [6]. Polyneuropathy (typically demy-
elinating) and monoclonal plasma cell-proliferative 
disorder (almost always λ) are mandatory major cri-
teria. Castleman disease, sclerotic bone lesions, and 
VEGF elevation are other major criteria. Organomegaly 
(splenomegaly, hepatomegaly, or lymphadenopathy), 
extravascular volume overload (edema, pleural effusion, 
or ascites), endocrinopathy (adrenal, thyroid, pitui-
tary, gonadal, parathyroid, pancreatic), skin changes 
(hyperpigmentation, hypertrichosis, glomeruloid 

Fig. 2 Cervical lymph node histopathology; multicentric mixed-type Castleman disease. Regressed germinal centers and proliferation of high 
endothelial venules with hyalinization. CD138 and immunoglobulin λ-positive plasma cells are seen in the interfollicular zones. a, b Hematoxylin–
eosin staining; c immunohistochemical staining for CD138; d immunohistochemical staining for immunoglobulin λ
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hemangiomata, plethora, acrocyanosis, flushing, white 
nails), papilledema, and thrombocytosis/polycythemia 
are minor criteria. All mandatory major, other major, 
and minor criteria were present [6], so she was diag-
nosed with POEMS syndrome. After the patient pro-
vided written informed consent and approval was 
obtained from our institutional review board, 28-day 
cycles of DLd therapy (intravenous daratumumab at 
16 mg/kg on days 1, 8, 15, and 22 during cycles 1 and 
2, on days 1 and 15 during cycles 3 and 4; oral lenalido-
mide at 25 mg/day on days 1–21; and dexamethasone at 
40 mg/day on days 1, 8, 15 and 22) were started. Symp-
toms began to improve during the first course and con-
tinued to improve over time. The only adverse events 
were diarrhea (grade 3) and a decrease in the white 
blood cell count (grade 1). Serum VEGF decreased to 
1850 pg/mL and 826 pg/mL after one and four courses 
of DLd therapy, respectively. After four courses of DLd 
therapy, ONLS scores were 0 for the arm grade and 1 
for the leg grade (total score, 1), allowing the patient 
to walk independently. All clinical symptoms and test 
results also improved (Table  1). Peripheral sensory 

neuropathy (grade 2) and peripheral motor neuropathy 
(grade 2) remained in the lower limbs.

Hematopoietic stem cells were collected using plerixa-
for and filgrastim in combination (subcutaneous plerixa-
for at 0.24  mg/kg on days 3–4; subcutaneous filgrastim 
at 400 μg/m2 on days 1–5) at a dose of 3.7 ×  106 cells/kg 
of CD34-positive cells. ASCT was performed with high-
dose melphalan (intravenous melphalan at 100  mg/m2 
on days −3 and −2). As soon as neutrophils engrafted 
on day 10, fever of 40  °C with no identifiable infectious 
etiology, noncardiogenic pulmonary edema requir-
ing oxygen administration at 2  L/minute by nasal can-
nula, and weight gain more than 2.5% of baseline body 
weight were identified. Engraftment syndrome was diag-
nosed, and steroid (intravenous methylprednisolone at 
125  mg/day on days 10–12) was administered. Engraft-
ment syndrome was quickly relieved, and the patient was 
discharged home on day 25. At 3-month post-transplan-
tation follow-up, serum VEGF had decreased to 212 pg/
mL and total ONLS score was 0. All clinical symptoms 
except central amenorrhea had disappeared, and all 
test results were improved (Table  1). The only residual 

Fig. 3 Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography before treatment. a Cervical lymphadenopathy 
with FDG accumulation  (SUVmax of 2.33); b right external iliac lymphadenopathy with FDG accumulation  (SUVmax of 6.91); c osteosclerosis of the 
ilium with FDG accumulation  (SUVmax of 4.16); d abnormal FDG accumulations in cervical, axillary, para-aortic, and pelvic lymphadenopathy and 
sclerotic lesions of the humerus, lumbar spine, ilium, and femur. FDG, fluorodeoxyglucose;  SUVmax, maximum standardized uptake value.
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neurological deficits were peripheral motor neuropathy 
(grade 1) and peripheral sensory neuropathy (grade 1) of 
the lower extremities. Peripheral neuropathies have con-
tinued to improve over time, and the patient is negotiat-
ing job conditions with her employer to return to work 
approximately 1 year after ASCT.

Discussion and conclusions
The mainstay of induction is doublet therapy, such as 
Td therapy [1] and Ld therapy [2, 3]. However, in stud-
ies of ASCT after conventional induction therapy, the 
5-year progression-free survival rate was only about 60% 
[1, 3]. Furthermore, only 50% of patients were able to 
walk independently at 24  months after ASCT [3]. Since 
the patient in our case was young and desired to return 
to work, we chose a triplet regimen that would be more 
effective than doublet therapy for achieving independ-
ent ambulation and long-term progression-free survival. 
Bortezomib [7] and thalidomide were avoided owing to 
the risks of neuropathy. DLd therapy was selected on the 
basis of the efficacy in patients with POEMS syndrome 
who are ineligible for or those with relapsed/refractory 
POEMS syndrome [4, 5]. In this case, the adverse events 
of DLd therapy were minor and four courses of DLd ther-
apy enabled her to walk independently. DLd therapy did 
not exacerbate the neuropathy. Her symptoms continued 
to improve for a year after ASCT, and she was eventually 
able to return to work.

Lowering the serum level of VEGF below 1000  pg/
mL before ASCT results in better 5-year clinical pro-
gression-free survival (90.9% versus 47.4%) and 5-year 
overall survival (100% versus 84.8%). On the other hand, 
hematological response before ASCT did not differ 

significantly in patients with relapse/progression after 
ASCT compared with those without relapse/progres-
sion [3]. These facts suggest that VEGF plays a central 
role in the pathogenesis of POEMS syndrome, and VEGF 
response, not hematological response, should be con-
sidered when selecting induction therapy. In the present 
case, serum VEGF was reduced to below 1000  pg/mL 
before ASCT, and a favorable prognosis was expected.

In transplant-eligible patients with POEMS syndrome, 
there is concern that daratumumab and lenalidomide 
may cause poor mobilization of hematopoietic stem cells 
[8, 9]. In the present case, a sufficient amount of autolo-
gous peripheral blood hematopoietic stem cells was col-
lected with the combination of plerixafor and filgrastim.

Daratumumab is an antibody against CD38 that is 
predominantly expressed on plasma cells. CD38 is also 
expressed on immunosuppressive cells that suppress T 
cells, such as regulatory T cells, regulatory B cells, and 
myeloid-derived suppressor cells [10]. Daratumumab 
not only directly injured tumor cells, but also might have 
resulted in indirect attacks on tumor cells by activating 
the T cells by killing CD38-positive immunosuppres-
sive cells. Lenalidomide might be highly effective against 
POEMS syndrome, not only inhibiting the growth of 
tumor cells, but also regulating the production of VEGF 
[11]. Furthermore, lenalidomide induces CD38 expres-
sion in plasma cells and immunosuppressive cells and 
might have enhanced the effects of daratumumab [12]. 
These mechanisms may be responsible for the favorable 
therapeutic effect of DLd therapy.

In this case, lymph node biopsy revealed Castleman 
disease. It has been reported that 11–30% of patients with 
POEMS syndrome have Castleman disease or Castleman 

Table 1 Laboratory values and clinical symptoms

DLd, daratumumab, lenalidomide, and dexamethasone; ASCT, autologous stem cell transplantation; VEGF, vascular endothelial growth factor; M-spike, monoclonal 
spike; M-protein, monoclonal protein; PET–CT, positron emission tomography-computed tomography; FDG, fluorodeoxyglucose; SUV, standardized uptake value; 
ONLS, Overall Neuropathy Limitations Scale; MCV, motor nerve conduction velocity; DLCO, diffusing capacity for carbon monoxide; ECOG PS, Eastern Cooperative 
Oncology Group performance status.

Before treatment After four cycles of DLd 3 months after ASCT

Serum VEGF (pg/mL) 5000 826 212

Hematologic 1.81 g/dL M-spike in serum 
electrophoresis

0.50 g/dL M-spike in serum 
electrophoresis

Negative M-spike in serum electrophoresis, 
detectable M-protein in serum immunofixa-
tion

PET–CT FDG-avid lesion
SUVmax = 6.91

FDG-avid lesion
SUVmax = 4.04

FDG-avid lesion
SUVmax = 2.22

ONLS 5 1 0

MCV of median nerve (m/second) 36.1 36.6 43.5

Ascites Grade 2 Grade 1 Absent

Edema Grade 1 Absent Absent

Papilledema Grade 1 Grade 1 Absent

DLCO (%) 53 68.4 94.0

ECOG PS 2 1 0
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disease-like tissue, and Castleman disease has been 
incorporated into the diagnostic criteria for POEMS syn-
drome [6]. In POEMS syndrome, cytokines secreted by 
monoclonal plasma cells are thought to cause Castleman 
disease, which is a polyclonal lymphoproliferative dis-
ease [13]. In POEMS syndrome with Castleman disease, 
treatment for POEMS syndrome has been performed 
with relatively good results [14]. In the present case, good 
treatment response was achieved with DLd therapy.

In conclusion, DLd therapy followed by ASCT may 
be more effective than conventional therapy for newly 
diagnosed POEMS syndrome. Although there were con-
cerns that DLd therapy might lead to poor mobilization 
of hematopoietic stem cells, this was overcome with the 
combination of plerixafor and filgrastim. The benefit of 
DLd as induction therapy prior to ASCT should be con-
firmed in future clinical trials.
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