
.����/��"��0�,���
�
�����1� $$���� �������$ �����1����� �
�����	

(((�� ��1���
���$�"
 $�
��
%���� �2�1��" �
��3%���� �,���4
� ���

�����	
�����
	���	�

���������
��������
��������������	�������������  !!!"���#$���
��"%�	 ��
 
���&'

(�������%�
)�*�	���
%���������#
��$�+����,�	
+*
%
%���������	
#�*���#�#�-�	���������
�
�������# ��$��%���
�
./0

���1����*�.
���
���1����*�2
��-
��/��*�0���+
��1���*�0�)
#�/"�3�4���+��	*
5��4���0�������
����


6��%
�����
�����
%���������	
���
�	���	
���	
�����
���
��	����	����
��������	��������	���
�	���
�����
���
������	
���� !"!!#�$�%&�'%�()�������*)�(�
)�&�')�����+���&)�,������(�(*�%��'%�	�����
	
�����	��)�	'�
���
�&�*	%'��-&�+&	()�&���
�������.���	������%���	��/010��/23�/!/���451
2"�2"3"-2"6!3276�!"!2�2777608

6���
��������
�����
%����������	

��
����
�������
���������������������

����
��������
��	����� �������

!��"
��#���� ��
$��������
��%���� ��

&��
$���'
�(�	��)*

+
�(���� ���� ��
$����

+
�(�,����" �-�� � 

https://www.tandfonline.com/action/journalInformation?journalCode=ilal20
https://www.tandfonline.com/loi/ilal20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10428194.2021.1999437
https://doi.org/10.1080/10428194.2021.1999437
https://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10428194.2021.1999437
https://www.tandfonline.com/doi/mlt/10.1080/10428194.2021.1999437
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2021.1999437&domain=pdf&date_stamp=2022-01-31
http://crossmark.crossref.org/dialog/?doi=10.1080/10428194.2021.1999437&domain=pdf&date_stamp=2022-01-31


ORIGINAL ARTICLE

A prospective, multicenter study of bortezomib, cyclophosphamide, and
dexamethasone in relapsed/refractory iMCD

Lu Zhanga,b , Miao-yan Zhanga,b , Xin-xin Caoa,b , Dao-bin Zhoua,b , David C. Fajgenbaumc ,
Yu-jun Dongd and Jian Lia,b

aDepartment of Hematology, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing, PR China; bState Key Laboratory of Complex Severe and Rare Diseases, Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, PR China; cDivision of Translational
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ABSTRACT
Relapsed and refractory (R/R) idiopathic Multicentric Castleman disease (iMCD) is a clinical chal-
lenge with few treatment options. In this first multicenter, prospective trial which implemented
the recently published CDCN response criteria, we evaluated the efficacy and safety profiles of
bortezomib-cyclophosphamide-dexamethasone (BCD) regimen in 24R/R iMCD patients. By 6
months, 15 patients (62.5%) achieved overall treatment responses; four patients (16.7%) had sta-
ble disease and five patients (20.8%) suffered from progression of disease. Even when consider-
ing all patients, there were significant (p< .05) improvements in median symptom score,
hemoglobin, platelet count, C-reactive protein (CRP) erythrocyte sedimentation rate (ESR), IL-6,
albumin, and immunoglobin G (IgG) after treatment. The regimen was well tolerated without
grade 3 or higher adverse events. Estimated 1-year progression-free survival (PFS) and overall
survival (OS) were 79% and 92%, respectively. BCD regimen is an effective and safe treatment
option for R/R iMCD patients. This trial was registered at www.chictr.org.cn as #
ChiCTR1800019342.
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Introduction

First described by Benjamin Castleman and his col-
league in the 1950s [1], Castleman disease (CD) is now
considered as a group of rare, heterogeneous lympho-
proliferative disorders which are divided into unicen-
tric CD (UCD) and multicentric CD (MCD). The latter is
further divided into human herpesvirus-8 (HHV-8)
associated MCD, which is caused by uncontrolled
HHV-8 infection in immunocompromised patients (e.g.
HIV-positive individuals), and HHV-8 negative MCD
which is also termed as idiopathic MCD (iMCD) due to
unknown etiology [2]. iMCD involves multiple regions
of enlarged lymph node with characteristic histopatho-
logical features as well as life-threatening disease
inflammatory symptoms, cytopenias, and multiple
organ dysfunction due to a cytokine storm often
including interleukin-6 (IL-6) [3]. The constellation of
characteristic histopathological features is often sub-
divided into hyaline vascular (HV), plasmacytic (PC),

and mixed histopathological subtypes. Due to limited
understanding of iMCD pathogenesis and few treat-
ment options, the published five-year mortality rate is
approximately 23–49% [4–6]. Though IL-6 inhibition
with siltuximab is effective in 34–45% of iMCD
patients based on data from a randomized controlled
trial [7] and it is recommended first-line for iMCD [8],
there are still many unmet needs, especially for
patients with refractory or relapsed diseases. Unlike
first-line treatment recommendations, treatment
options for refractory or relapsed patients (e.g.
Rituximab with or without immunomodulators for
non-severe patients and cytotoxic chemotherapy for
severe patients) were mostly based on case reports or
small series which were considered as category 2B evi-
dence [8]. The lack of rigorous evaluation for these
currently recommended second- or third-line treat-
ments highlights the value of further exploration of
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treatment options for refractory or relapsed
iMCD patients.

Bortezomib, a therapeutic proteasome inhibitor, is a
promising agent for patients with iMCD. First, this
drug is believed to exert its effect through blockade
of NF-jB-dependent production of cytokines, such as
IL-6 [9,10] which is vital for the pathogenesis of iMCD.
Second, bortezomib has been safely utilized to treat
POEMS syndrome [11], a disease very closely related
to iMCD as 15–25% POEMS patients have documented
concurrent diagnosis of CD [12,13]. Third, bortezomib
has been reported to successfully treat several iMCD
cases [14–16] including relapsed patients, suggesting a
potential role of bortezomib in iMCD patients. These
abovementioned clues suggested that further evalu-
ation for this drug was warranted. Moreover, subcuta-
neous administration of bortezomib has been shown
to offer non-inferior efficacy to standard IV administra-
tion with an improved safety profile [17] which could
be a convenient choice for iMCD, a disease requiring
long-term treatment.

Aside from bortezomib, cyclophosphamide, and
glucocorticoids have been reported to be effective in
iMCD patients [8,18,19] due to their antimitotic and
anti-inflammatory properties as well as modulation of
T cells [19]. Subcutaneous bortezomib, along with oral
cyclophosphamide and dexamethasone (BCD regi-
men), a drug combination whose safety profiles have
been well demonstrated in myeloma patients [17], is
therefore a promising and convenient treatment
approach for iMCD. Therefore, we performed this pro-
spective, multicenter study to further illuminate the
efficacy and safety profiles of BCD regimen for
relapsed and refractory (R/R) iMCD patients.

Materials and methods

Study design and participants

This prospective, multicenter, single-arm, phase 2 trial
was conducted in Peking Union Medical College
Hospital (Beijing, China) and Peking University First
Hospital (Beijing, China) as registered in chictr.org
(ChiCTR1800019342). All enrolled patients provided
signed informed consent before study entry. The study
was performed in accordance with the Declaration of
Helsinki, with prior approval of the institutional review
board and the ethics committee of the local hospital.

According to the international, evidence-based con-
sensus diagnostic criteria for iMCD [2], adult patients
(!18 y/o) who met both major criteria and at least 2
of 11 minor criteria, and did not meet any of the
exclusion criteria were diagnosed as iMCD. Patients

were further classified as severe or non-severe dis-
eases according to the Castleman Disease
Collaborative Network (CDCN) severity classification
[8]: severe iMCD should have at least 2 of the 5 fol-
lowing criteria: ECOG ! 2, stage IV renal dysfunction,
anasarca, hemoglobin " 80 g/L, pulmonary involve-
ment/interstitial pneumonitis with dyspnea.

Relapsed disease was defined as: patients who ever
achieved overall partial response (PR) or complete
response (CR) with prior lines of therapy and then suf-
fered from progressive disease (PD) [8]. Refractory dis-
ease was defined as: newly diagnosed iMCD patients
who never achieved PR or CR with the first-line treat-
ment but suffered from PD during treatment.

Relapsed or refractory (R/R) adult (!18 y/o) iMCD
patients who met the following criteria were consid-
ered as eligible candidates for this study: 1) Eastern
Cooperative Oncology Group performance status
(ECOG-PS " 2); 2) Neutrophil count > 0.8# 109/L and
platelet count > 50# 109/L; 3) HHV-8 negative con-
firmed by blood PCR or latency-associated nuclear
antigen (LANA-1) staining by immunohistochemistry
(IHC) and HIV negative confirmed by serology test.
Exclusion criteria included known malignancies or
other severe concurrent diseases (e.g. POEMS syn-
drome, systemic lupus erythematosus), known hyper-
sensitivity to study agents, pregnancy or breast-
feeding, and plans to become pregnant within 2 years
after enrollment were excluded.

Procedures

BCD regimen (bortezomib 1.3mg/m2 weekly subcuta-
neously, oral cyclophosphamide 300mg/m2 weekly,
oral dexamethasone 40mg weekly for a 28-d cycle)
was administered for 9 cycles; after 9 cycles of BCD
treatment, BD regimen (bortezomib 1.3mg/m2 twice a
month subcutaneously, dexamethasone 20mg twice a
month) was used as maintenance for the next 1 year.
Treatment was discontinued after 1 year of mainten-
ance or until ‘treatment failure’ which was defined as
death or PD. Acyclovir was given as prophylactic anti-
viral therapy for prevention of herpes zoster reactiva-
tion; other treatments targeting iMCD were not
allowed. Hematological and non-hematological toxic-
ities requiring dose delays and/or modification were
recorded. All patients were assessed for the response
criteria every 3months until ‘treatment failure’.
Symptom’s assessment including fatigue, anorexia,
fever, and body weight change as well as biochemical
parameters testing and computerized tomography
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imaging were carried out at baseline and at each
response criteria evaluation.

Outcomes

The primary endpoint of the study was the treatment
response (including overall response, biochemical
response, lymph node response, and symptomatic
response) at 6 months. Treatment responses were
evaluated according to the CDCN criteria [8]. An over-
all CR was defined as normalization of laboratory tests
(complete biochemical response), and inflammation-
related symptoms (fatigue, anorexia, fever, and weight
loss) along with a complete lymph node response. An
overall PR required nothing less than a PR across all
categories: improvement in all four symptoms, > 50%
improvement in biochemical tests, and > 50% reduc-
tion of the mass. An overall stable disease (SD)
required no PD in any of the categories and not meet-
ing the criteria for overall CR or overall PR. An overall
PD was considered when any category has a PD at
the assessment for treatment response which was car-
ried out every 3months.

The secondary endpoints of the study included
treatment responses at 3 and 12 months and during
the study period; the trend of biochemical parameters
and change in MCD-related overall symptom score
which was a published score calculated as the sum of
the toxicity grades of the National Cancer Institute
Common Toxicity Criteria for Adverse Events (NCI-
CTCAE) version 4.0 terms [7] (A total score of 34 symp-
toms from five categories was calculated as the sum
of the toxicity grades); progression-free survival (PFS)
which was defined as the time to PD or death; and
overall survival (OS) which was defined as the time to
patients’ death.

Safety data were collected until 1month after the
last dose of study drugs, except for secondary primary
malignancies (which were defined as any malignancy
observed after initiation of BCD regimen), which were
assessed throughout the duration of follow-up.
Adverse events were graded as per NCI-CTCAE ver-
sion 4.03.

Statistical analysis

Analyses were performed with SPSS version 22 (SPSS,
Inc., Chicago, IL). The independent samples Student t-
test (for parameters with normal distribution) and
Mann–Whitney test (for parameters that were not nor-
mally distributed) were used for comparison of base-
line characteristics between responders (patients who

achieved at least PR at any evaluation timepoint dur-
ing the follow-up period) and non-responders. The
Wilcoxon signed-rank test was used to compare
parameters before and after the BCD and BD regimen.
For patients who were evaluated as PD, the time of
PD was considered as the end of treatment. OS and
PFS were calculated from the date of treatment. For
PFS analyses, death or PD was considered as events;
for OS analyses, death was considered as events. OS
and PFS were calculated from the date of treatment.
For PFS analyses, death or ‘treatment failure’ were
considered as events. Survival curves were plotted
with the Kaplan–Meier method. p< .05 was considered
statistically significant. The final follow-up date was 1
July 2020.

Results

Patients’ characteristics

A total of 24 R/R iMCD patients from two hospitals
participated in this multicenter study from May 2018
to July 2020. All patients enrolled in this study were
followed up for at least 6months. Baseline demo-
graphic and disease characteristics are listed in Table
1. The median age was 42 years (22–65), with a male:
female ratio of 1.2:1. Eight patients (33.3%) were classi-
fied as ‘refractory’ and sixteen patients (66.7%) were
defined as ‘relapsed’. The median prior treatment lines
were 1 (1–4). Prior treatment included thalidomide-
based regimen (n¼ 18), steroids monotherapy (n¼ 2),
interferon (n¼ 1), cyclophosphamide, hydroxydaunoru-
bicin, vincristine, and prednisone (CHOP)-like regimen
(n¼ 5), rituximab-containing regimen (n¼ 3), IL-6 tar-
geting therapy (n¼ 2), and lenalidomide (n¼ 1). No
patient fulfilled the criteria for TAFRO syndrome [20].
Eight patients (33.3%) were considered as ‘severe’
iMCD. The distribution of histopathological subtypes
was 20.8% (hyaline-vascular subtype, HV): 66.7% (plas-
macytic subtype, PC): 12.5% (mixed subtype). The
median MCD-related overall symptom score at base-
line was 7 (2–22) and median baseline IL-6 level was
21.4 pg/mL (2.1–128) (normal range < 5.9 pg/mL). As
for symptoms evaluated for the treatment response
criteria: fever (16.7%), weight loss (41.7%), anorexia
(58.3%), and fatigue (91.7%). Median hemoglobin, C-
reactive protein (CRP), erythrocyte sedimentation rate
(ESR), serum albumin (Alb), serum creatinine (SCr), and
immunoglobin G (IgG) levels were 94.5 g/L (44–135),
70.54mg/L (2.63–183.38), 96.5mm/h (22–140), 30.1 g/L
(24–42), 68.85 lmol/L (33.0–652.0), and 23.3 g/L
(7.63–66.19), respectively.
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Response

At 6 months, 62.5% (n¼ 15) patients achieved overall
treatment responses with all PR; 16.7% (n¼ 4) patients

achieved SD and 20.8% (n¼ 5) patients suffered from
PD (Figure 1). Of 62.5% patients achieved biochemical
responses (all PR), 70.8% patients had lymph node

Table 1. Baseline characteristics of refractory and relapsed iMCD patients treated with the BCD regimen (n¼ 24).

Characteristics
Normal
range

ALL patients,
n¼ 24

Responders,
n¼ 16

Non-responders,
n¼ 8 p

Age, median (range), y 42 (22–65) 42 (29–65) 42 (22–64) .600
Sex, male, n (%) 13 (54.2%) 9 (56.3%) 4 (50%) 1.000
Refractory, n (%) 8 (33.3%) 6 (37.5%) 2 (25.0%) .667
Relapsed, n (%) 16 (66.7%) 9 (62.5%) 6 (75.0%)
Prior treatment lines, median (range) 1 (1–4) 1 (1–4) 1 (1–3) .976
Histology .209
Hyaline vascular 5 (20.8%) 2 (12.5%) 3 (37.5%)
Plasmacytic 16 (66.7%) 11 (68.8%) 5 (62.5%)
Mixed 3 (12.5%) 3 (18.8%) 0 (0%)

Severe iMCD, n (%) 8 (33.3%) 5 (31.3%) 3 (37.5%) 1.000
ECOG-PS .328
0 7 (29.2%) 6 (37.5%) 1 (12.5%)
1 13 (54.2%) 7 (43.8%) 6 (75.0%)
2 4 (16.7%) 3 (18.8%) 1 (12.5%)

Symptom score, median (range) 7 (2–22) 7 (2–22) 9 (5–15) .718
Fever, n (%) 4 (16.7%) 2 (12.5%) 2 (25.0%) .578
Weight loss, n (%) 10 (41.7%) 6 (37.5%) 4 (50.0%) .673
Anorexia, n (%) 14 (58.3%) 10 (62.5%) 4 (50.0%) .673
Fatigue, n (%) 22 (91.7%) 15 (93.8%) 7 (87.5%) 1.000
Peripheral lymphadenopathy, n (%) 23 (95.8%) 15 (93.8%) 8 (100%) 1.000
Splenomegaly, n (%) 8 (33.3%) 5 (31.3%) 3 (37.5%) 1.000
Skin involvement, n (%) 7 (29.2%) 1 (6.3%) 6 (75.0%) .001
Pulmonary involvement, n (%) 5 (20.8%) 5 (31.3%) 0 (0%) .130
Anasarca, n (%) 5 (20.8%) 5 (31.3%) 2 (25.0%) 1.000
IL-6, median (range), pg/mL <5.9 21.4 (2.1–128.0) 21.8 (9.7–52.6) 16.6 (2.1–128.0) .508
Hemoglobin, median (range), g/L Male, 120–160; female, 110–150 94.5 (44–135) 91.5 (44.0–120.0) 98.5 (64.0–135.0) .719
Platelet count, median (range), 109/L 100–350 337.5 (108.0–612.0) 368.0 (108.0–548.0) 283.5 (139.0–612.0) .929
Serum creatinine, median (range), lmol/L Male, 59–104; female, 45–84 68.85 (33.0–652.0) 66.85 (39.0–527.0) 113.1 (33.0–652.0) .610
CRP, median (range), mg/L 0–8 70.54 (2.63–183.38) 77.65 (5.49–183.38) 36.4 (2.63–173.1) .108
Albumin, median (range), g/L 35–52 30.1 (24–42) 30.1 (24.7–39.0) 31.1 (24.0–42.0) .488
%ESR, median (range), mm/h Male, 0–15; female, 0–20 96.5 (22–140) 101 (33–140) 79.5 (22.0–140.0) .166
IgG, median (range), g/L 7.00–17.00 23.3 (7.63–66.19) 25.82 (7.63–62.11) 17.56 (10.66–66.19) .489
%values of > 140mm/h were considered as 140mm/h.
iMCD = idiopathic Multicentric Castleman Disease; IL-6 = interleukin-6; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IgG = immuno-
globin G.

Figure 1. Evaluation of treatment responses according to CDCN criteria.
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responses (all PR) and 79.1% patients achieved symp-
tom responses (CR 33.3%, PR 45.8%) at 6 months.
Similar proportions of patients achieved these
response criteria at 3 months (45.8%) and 12 months
(57.9%), suggesting the relative short time response
and durability (Figure 1). As for best response, a total
of 16 patients (66.7%) achieved overall treatment
responses (all PR) after BCD treatment and were
defined as ‘responders’. Comparison of baseline
parameters between the 16 responders and the 8
non-responders demonstrated similarities across all
parameters except for a higher frequency of skin
involvement (p¼ .001) and a trend toward lower CRP
(p¼ .108) in non-responders (Table 1). When looking
across all 24 patients who received the BCD regimen,
the median symptom score declined significantly from
7 (2–22) at baseline to 2 (0–26) at 3 months (p¼ .002).
Moreover, significant improvements were seen in the
median hemoglobin level (p¼ .001), platelet count
(p¼ .002), CRP (p< .001), ESR (p¼ .001), IL-6 (p< .001),
Alb (p< .001), and IgG (p¼ .006) after 3months of
BCD treatment even when combining all patients
(including those who did not achieve treatment
response at 3 months) in the analysis (Table 2). SCr,
which had a median level in the normal range before
BCD, did not change significantly with treatment.
Similar trends were observed for symptom score and
biochemical parameters by 6 months (Table 2). The
differences were even more striking when these
parameters were assessed among the 16 patients who
experienced treatment responses (at least PR) after
BCD regimen.

A total of 10 patients experienced PD during the
study period and the median time to disease

progression was 9months (3–33) for these patients.
During the study period, two deaths occurred. Both
patients died from disease progression at 4 months
after cessation of BCD regimen due to PD at 3
months. For the other eight patients who suffered
from PD, six patients had PD during the BCD treat-
ment phase and were transferred to next line of treat-
ment; two patients experienced PD after completion
of the treatment phase of this trial. These two
patients, who experienced PD at 24 and 33 months,
respectively, were treated with BCD regimen again as
they previously responded well to it. Both patients
responded to the treatment again and achieved PR
after re-initiation of the drugs.

Safety

With regards to safety, no patients suffered from
grade 3 or higher adverse events and no patients died
due to treatment-related toxicity. Grade 1 or 2 irregu-
lar menstruation (18.2% among female patients),
insomnia (16.7%), constipation (16.7%), nausea
(16.7%), upper respiratory infection (12.5%),peripheral
sensory neuropathy (12.5%) were the most common
adverse events. Other documented adverse events
included grade 1 or 2 diarrhea (8.4%), glucose intoler-
ance (8.4%), alanine aminotransferase (ALT) elevation
(8.4%), thrombocytopenia (4.2%), neutropenia (4.2%),
and vomiting (4.2%). The summary of adverse events
following the BCD regimen administration is listed in
Table 3. No herpes zoster reactivation was observed
during follow-up and no secondary primary malignan-
cies were documented.

Table 2. Characteristics at baseline and 3 and 6 months for all patients (n¼ 24) and for responders (n¼ 16).

Characteristics 　
Baseline,

median (range)
3 months,

median (range) p%
6 months#,

median (range) p%

Symptom score All patients 7 (2–22) 2 (0–26) .002 1 (0–2) <.001
　 Responders 7 (2–22) 1.5 (0–7) <.001 1 (0–2) <.001
Hemoglobin, g/L All patients 94.5 (44–135) 109.5 (72–152) .001 116 (87–152) .001
　 Responders 91.5 (44–120) 116 (93–152) .001 118.5 (97–152) .001
Platelet counts,10&9/L All patients 337.5 (108–612) 258.5 (57–652) .005 220 (69–379) .002
　 Responders 368 (108–548) 258.5 (122–378) .005 235 (109–379) .007
CRP, mg/L All patients 70.54 (2.63–183.38) 19.08 (4.44–132) <.001 16.25 (3.4–63.26) <.001
　 Responders 77.65 (5.49–183.38) 17.74 (4.44–77.00) <.001 15.37 (3.31–63.26) <.001
ESR, mm/h All patients 96.5 (22–140) 64 (7–120) .001 62 (3–124) .002
　 Responders 101 (33–140) 64.0 (7–104) .001 62 (3–99) .006
IL-6, pg/mL All patients 19.95 (2.1–128) 6.75 (2–250) .005 4.5 (2–15.8) <.001
　 Responders 21.6 (8.9–52.6) 5.2 (2–23.4) <.001 5.45 (2.5–15.8) <.001
Albumin, g/L All patients 30.1 (24–42) 37.5 (26.0–47.0) <.001 39 (34–49) <.001
　 Responders 30.1 (24.7–39.0) 38.0 (28.1–47.0) .001 38.5 (30.0–49.0) .001
Serum creatinine, lmol/L All patients 68.85 (33–652) 75 (46–525) .909 81.5 (48–595) .378
　 Responders 66.85 (39.0–527.0) 65.0 (46–227.4) .518 70.5 (48–124) .329
IgG, g/L All patients 23.3 (7.63–66.19) 23.0 (3.70–43.80) .006 20.16 (3.43–35.85) .001
　 Responders 25.82 (7.63–62.11) 24.22 (3.70–43.80) .004 20.28 (3.43–35.85) .001
%Compared with baseline; #n¼ 19 (data from five patients who were evaluated as PD at 3 months was not included).
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IL-6 = interleukin-6; IgG = immunoglobin G.
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Survival

The median duration of follow-up was 20months
(range 8–38months). Ten patients suffered from PD
during follow-up. No patients died during the treat-
ment period and two patients died during follow-up
phase due to disease progression after cessation of
BCD treatment. The median OS was not reached; the
median PFS was 24months. The estimated 1-year PFS
and OS were 79 and 92%, respectively (Figure 2).
Though the number of patients who have completed
the 21-month course is small, PFS declines notably
after cessation of BCD treatment.

Discussion

We report the results of the first prospective, multicen-
ter trial for the treatment of R/R iMCD patients with
subcutaneous administration of BCD regimen. This is
also one of the first endeavors to prospectively
explore the efficacy and safety profiles of agents other
than IL-6 blockade therapy in R/R iMCD. According to
our knowledge, this is also the first prospective trial
which implemented the recently published CDCN
treatment response criteria [8] for R/R iMCD as study
endpoints. BCD regimen induced treatment responses
in 62.5% of patients at 6 months, significantly amelio-
rated symptoms, and significantly improved biochem-
ical parameters. Moreover, a total of 66.7% patients
(defined as ‘responders’) achieved overall treatment
responses at some point after BCD treatment.

Considering that a 34% treatment response for at
least 18weeks in the RCT of siltuximab in iMCD led to
regulatory approvals and consensus [8] recommenda-
tion worldwide and that 0% of patients receiving pla-
cebo plus best supportive care inclusive of
corticosteroids achieved treatment response criteria,
BCD regimen showed a meaningful clinical benefit of
more than 60% treatment response in R/R iMCD
patients with at least one prior line of treatment.
Compared to other potential second- or third-line
treatment for iMCD as rituximab-containing therapy or
combination chemotherapy [8] whose efficacy still
requires more rigorous investigation, BCD regimen has
an important benefit of convenient oral administration
of cyclophosphamide and dexamethasone as well as
subcutaneous administration of bortezomib which has
shown desirable cost-effectiveness [21] and safety pro-
files [17]. This treatment combination provides a possi-
bility of drug administration at home, which is
especially important for iMCD which requires long-
term treatment. Moreover, a durable symptom, lymph
node, and biochemical improvement were observed
for BCD regimen in R/R iMCD patients, with a median
PFS of 2 years. Even when combining the entire study
population which included both ‘responders’ and
‘non-responders’ for analysis, the median symptom
score and key biochemical parameters including
hemoglobin, platelet count, CRP, ESR, albumin, IL-6,
and IgG improved significantly after BCD treatment
(Table 2). No significant improvement was observed
for SCr, which was likely due to a low proportion of
patients having elevated creatinine at enrollment (8/
24). Among ‘responder’ and ‘non-responder’ patients
who had elevated SCr at baseline, the median SCr
level decreased significantly from 178 lmol/L

Table 3. Summary of adverse events.
Adverse events N (%)

Hematological toxicity 　
Thrombocytopenia 　
Grade 2 1 (4.2)

Neutropenia 　
Grade 1 1 (4.2)

Nonhematological toxicity 　
Peripheral sensory neuropathy 　
Grade 1 3 (12.5)
Nausea 　

Grade 1 4 (16.7)
Diarrhea 　

Grade 1 2 (8.4)
Constipation 　

Grade 1 4 (16.7)
Upper respiratory infection 　

Grade 1 2 (8.4)
Grade 2 1 (4.2)

Glucose intolerance 　
Grade 1 2 (8.4)

Irregular menstruationa 　
Grade 1 2 (18.2)

Vomiting 　
Grade 1 1 (4.2)

Insomnia 　
Grade 1 4 (16.7)

ALT elevation 　
Grade 1 2 (8.4)

aAmong 11 female patients.
ALT: alanine aminotransferase

Figure 2. Overall survival (OS) and progression-free survival
(PFS) of 24 relapsed/refractory iMCD cases with BCD therapy.
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(132–652) to 124 lmol/L (90–595) (p¼ .028) by
6 months.

Another key finding of this study is that no signifi-
cant difference in treatment response was observed
among patients with different histopathological sub-
types (Table 1). Although bortezomib-based regimen
was initially utilized for plasma cell disorders such as
multiple myeloma [17,22,23] and light-chain amyloid-
osis [24], its notable that bortezomib-based regimens
seem to be effective in patients with POEMS syn-
drome [11] who often demonstrate HV histopatho-
logical features [13] as well as previous reports of
iMCD patients with HV [16], PC [9], or mixed histo-
pathological subtypes [15]. In this study, BCD regimen
demonstrated benefit for all three histopathologic sub-
types of R/R iMCD. The response rates for patients
with HV, PC, or mixed subtypes were 40.0, 68.8, and
100%, respectively. Bortezomib-related blockade of
NF-jB-dependent induction of vascular endothelial
growth factor (VEGF)-associated pathways [25] might
play role in these HV patients whose lymph nodes are
highly vascularized.

The BCD regimen was also well tolerated. Several
anticipated side effects seen in myeloma patients
[22,23], such as thrombocytopenia, neutropenia, glu-
cose intolerance, and peripheral neuropathy were
observed at low frequencies and in low grades. This
might be due to the following reasons: 1) patients in
this study were much younger than the multiple mye-
loma patients who received BCD [22,23]; 2) platelet
counts in patients of this study were relatively high at
baseline (median 338# 109/L, range 108–612); 3) the
subcutaneous administration of bortezomib utilized in
this study has been reported to have an improved
safety profile compared with intravenous administra-
tion [17]. Lastly, no herpes zoster reactivation was
reported, possibly due to prophylactic anti-
viral therapy.

Several pretreatment clinical manifestations or
laboratory parameters have been previously reported
to be associated with treatment response in iMCD
patients. For example, Morra et al. found that inflam-
matory biomarkers, such as CRP, fibrinogen, and albu-
min were associated with treatment response to
siltuximab [26]; Zhang et al. reported that fever and
absence of pulmonary involvement were associated
with treatment response to thalidomide, cyclophos-
phamide, and prednisone (TCP) regimen [18]. In this
study, response to the BCD regimen was associated
with a decreased proportion of patients with skin
involvement and possibly a trend toward presence of
pulmonary involvement and higher CRP. Seven

patients with skin involvement, including one patient
with paraneoplastic pemphigus (PNP) and six patients
with other skin lesions (violaceous papules and
patches with pigmentation) were enrolled in this study
and only one patient (6.3%) responded to BCD regi-
men. The patient with PNP suffered from progression
of disease after three months of BCD treatment. The
BCD regimen may be most appropriate for R/R iMCD
patients without skin involvement.

Although IL-6 targeting therapy has been recom-
mended as a major treatment option for iMCD
patients [8], treatments directed at targets other than
IL-6 need to be investigated as IL-6-targeting therapy
is not available everywhere (e.g. siltuximab is not
available in the market of China and tocilizumab is
expensive in China) and is not effective for over one-
half of patients. Patients with R/R iMCD need more
treatment options. Treatment approaches directed
against a target other than IL-6 signaling (e.g. TCP
regimen and sirolimus [27], BCD) have been made in
recent years. In this study, among two patients who
previously received IL-6 targeting therapy, one showed
a response. More research is needed to determine if
BCD regimen is a good option for both patients who
do not have access to IL-6 targeting therapy as well as
R/R iMCD patients after IL-6 targeting treatment.

This study has several limitations. First, this multi-
center trial includes a small number of patients from a
single ethnic group. Considering the rarity of the tar-
get disease and previously published clinical trials, the
sample size should be sufficient to evaluate the effi-
cacy and safety profiles of the BCD regimen in R/R
iMCD. Second, no control arm was included. As siltuxi-
mab is not available in China and there is no standard
treatment for R/R iMCD according to the recently pub-
lished treatment guidelines [8], an optimal control arm
was not available. On the other hand, placebo, which
was utilized as control arm in Phase 2 siltuximab trial
in iMCD [7], would be unethical considering that 0%
of those patients on placebo and best supportive care,
which included corticosteroids, responded and the
clinical course of R/R iMCD can be quite severe. Third,
although BCD regimen had been reported to be
effective in TAFRO clinical subtype of iMCD [16], no
participants with the TAFRO clinical syndrome of iMCD
were enrolled in this study. Therefore, the efficacy and
safety profiles of BCD for iMCD-TAFRO were not eval-
uated in this trial. Lastly, the observation period is
relatively short. On the one hand, as shown by Figure
2, PFS declines notably with time, especially after ces-
sation of BD maintenance. In fact, two of the six
patients who have completed the 21-month treatment
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phase already suffered from disease progression by
July 2020. The time to PD after treatment cessation
for these patients was 3 and 12months, respectively.
Both patients responded again to bortezomib-contain-
ing therapy which might support a long-term main-
tenance strategy as currently applied for bortezomib
in myeloma [28]. On the other hand, long-term sequa-
lae of exposure to the BCD regimen in iMCD still
needs further observation (e.g. cyclophosphamide
might increase the risk of myelodysplastic syndrome
and/or acute myeloid leukemia). We will continue to
collect efficacy and safety data and extend the time of
follow-up to determine the long-term benefit and risks
of this regimen, particularly after treatment is
discontinued.

In conclusion, BCD regimen, a convenient therapy
which can be given at home, is an effective and safe
treatment option for relapsed/refractory
iMCD patients.

Author contribution

Contribution: L.Z., X.-x.C., D.-b.Z., Y-j.D., and J.L. recruited the
patients; L.Z., Y-j.D., and J.L. designed the study; L.Z., M.-y.Z.,
Y-j.D., and J.L. collected the data; L.Z. performed the analysis;
L.Z., Y-j.D., J.L., and D.C.F. interpreted the data and wrote the
manuscript; and all authors had access to primary clinical
trial data and gave final approval to submit for publication.

Acknowledgments

The authors thank Ai-lin Zhao for assistance in preparing
the graphics.

Disclosure statement

D.C.F has received research funding from Janssen
Pharmaceuticals and EUSA Pharma. The remaining authors
declare no competing financial interests.

Funding

This work was supported by the National Natural Science
Foundation of China [81900202 [L.Z.]; Grant No. 81974011
[J.L.]], the Fundamental Research Funds for the Central
Universities [3332018036 [L.Z.]], the Capital Characteristic
Clinic Project Foundation (Z181100001718206 [Y-j.D]), The
CAMS Innovation Fund for Medical Sciences [Grant 2016-
12M-1-002 [J.L.]] and The National Key Research and
Development Program of China [Grant 2016YFC0901503
[J.L.]] Funding of D.C.F is considered as conflict of interest.

ORCID

Lu Zhang http://orcid.org/0000-0002-0860-9625

Miao-yan Zhang http://orcid.org/0000-0002-7776-3642
Xin-xin Cao http://orcid.org/0000-0001-7884-3073
Dao-bin Zhou http://orcid.org/0000-0002-1592-1932
David C. Fajgenbaum http://orcid.org/0000-0002-
7367-8184
Yu-jun Dong http://orcid.org/0000-0002-7935-6194
Jian Li http://orcid.org/0000-0002-4549-0694

References

[1] Cabot RC, Castleman B, Towne VW. CASE records of
the Massachusetts general hospital weekly clinicopa-
thological exercises: case 40011. N Engl J Med. 1954;
250(1):26–30.

[2] Fajgenbaum DC, Uldrick TS, Bagg A, et al.
International, evidence-based consensus diagnostic
criteria for HHV-8-negative/idiopathic multicentric cas-
tleman disease. Blood. 2017;129(12):1646–1657.

[3] Fajgenbaum DC, June CH. Cytokine storm. N Engl J
Med. 2020;383(23):2255–2273.

[4] Zhang X, Rao H, Xu X, et al. Clinical characteristics
and outcomes of castleman disease: a multicenter
study of 185 Chinese patients. Cancer Sci. 2018;
109(1):199–206.

[5] Melikyan AL, Egorova EK, Kovrigina AM, et al. [Clinical
and morphological features of different types of
Castleman’s disease]]. Ter Arkh. 2015;87(7):64–71.

[6] Seo S, Yoo C, Yoon DH, et al. Clinical features and
outcomes in patients with human immunodeficiency
virus-negative, multicentric Castleman’s disease: a sin-
gle medical center experience. Blood Res. 2014;49(4):
253–258.

[7] van Rhee F, Wong RS, Munshi N, et al. Siltuximab for
multicentric Castleman’s disease: a randomised, dou-
ble-blind, placebo-controlled trial. Lancet Oncol. 2014;
15(9):966–974.

[8] van Rhee F, Voorhees P, Dispenzieri A, et al.
International, evidence-based consensus treatment
guidelines for idiopathic multicentric castleman dis-
ease. Blood. 2018;132(20):2115–2124.

[9] Yuan ZG, Dun XY, Li YH, et al. Treatment of multicen-
tric Castleman’s disease accompanying multiple mye-
loma with bortezomib: a case report. J Hematol
Oncol. 2009;2:19.

[10] Rajkumar SV, Richardson PG, Hideshima T, et al.
Proteasome inhibition as a novel therapeutic target in
human cancer. J Clin Oncol. 2005;23(3):630–639.

[11] Li J, Zhang W, Kang WY, et al. Bortezomib and dexa-
methasone as first-line therapy for a patient with
newly diagnosed polyneuropathy, organomegaly,
endocrinopathy, M protein and skin changes syn-
drome complicated by renal failure. Leuk Lymphoma.
2012;53(12):2527–2529.

[12] Dispenzieri A, Kyle RA, Lacy MQ, et al. POEMS syn-
drome: definitions and long-term outcome. Blood.
2003;101(7):2496–2506.

[13] Li J, Zhou DB, Huang Z, et al. Clinical characteristics
and long-term outcome of patients with POEMS syn-
drome in China. Ann Hematol. 2011;90(7):819–826.

[14] Hess G, Wagner V, Kreft A, et al. Effects of bortezomib
on pro-inflammatory cytokine levels and transfusion

BCD REGIMEN IN R/R IMCD 625



dependency in a patient with multicentric Castleman
disease. Br J Haematol. 2006;134(5):544–545.

[15] Lin Q, Fang B, Huang H, et al. Efficacy of bortezomib
and thalidomide in the recrudescent form of multi-
centric mixed-type Castleman’s disease. Blood Cancer
J. 2015;5(3):e298.

[16] Xia P, Zhang L, Zou M, et al. Acute kidney injury
caused by TAFRO syndrome in a Chinese patient: effi-
cacy of long-term corticosteroids combined with bor-
tezomib and Cyclophosphamide. Kidney Blood Press
Res. 2020;45(4):623–630.

[17] Moreau P, Pylypenko H, Grosicki S, et al.
Subcutaneous versus intravenous administration of
bortezomib in patients with relapsed multiple mye-
loma: a randomised, phase 3, non-inferiority study.
Lancet Oncol. 2011;12(5):431–440.

[18] Zhang L, Zhao AL, Duan MH, et al. Phase 2 study
using oral thalidomide-cyclophosphamide-prednisone
for idiopathic multicentric castleman disease. Blood.
2019;133(16):1720–1728.

[19] van Rhee F, Stone K. Storming the castle with TCP.
Blood. 2019;133(16):1697–1698.

[20] Igawa T, Sato Y. TAFRO syndrome. Hematol Oncol
Clin North Am. 2018;32(1):107–118.

[21] Lassalle A, Thomar!e P, Fronteau C, et al. Home admin-
istration of bortezomib in multiple myeloma is cost-
effective and is preferred by patients compared with
hospital administration: results of a prospective sin-
gle-center study. Ann Oncol. 2016;27(2):314–318.

[22] Reeder CB, Reece DE, Kukreti V, et al.
Cyclophosphamide, bortezomib and dexamethasone
induction for newly diagnosed multiple myeloma:

high response rates in a phase II clinical trial.
Leukemia. 2009;23(7):1337–1341.

[23] Kropff M, Bisping G, Schuck E, et al. Bortezomib in
combination with intermediate-dose dexamethasone
and continuous low-dose oral cyclophosphamide for
relapsed multiple myeloma. Br J Haematol. 2007;
138(3):330–337.

[24] Shen KN, Zhang CL, Tian Z, et al. Bortezomib-based
chemotherapy reduces early mortality and improves
outcomes in patients with ultra-high-risk light-chain
amyloidosis: a retrospective case control study.
Amyloid. 2019;26(2):66–73.

[25] Kim I, Moon SO, Kim SH, et al. Vascular endothelial
growth factor expression of intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule
1 (VCAM-1), and E-selectin through nuclear factor-
kappa B activation in endothelial cells. J Biol Chem.
2001;276(10):7614–7620.

[26] Morra DE, Pierson SK, Shilling D, et al. Predictors of
response to anti-IL6 monoclonal antibody therapy (sil-
tuximab) in idiopathic multicentric Castleman disease:
secondary analyses of phase II clinical trial data. Br J
Haematol. 2019;184(2):232–241.

[27] Fajgenbaum DC, Langan RA, Japp AS, et al.
Identifying and targeting pathogenic PI3K/AKT/mTOR
signaling in IL-6-blockade-refractory idiopathic multi-
centric Castleman disease. J Clin Invest. 2019;129(10):
4451–4463.

[28] Zhang S, Kulkarni AA, Xu B, et al. Bortezomib-based
consolidation or maintenance therapy for multiple
myeloma: a meta-analysis. Blood Cancer J. 2020;10(3):
33.

626 L. ZHANG ET AL.


