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Abstract: Castleman disease (CD) is a rare, heterogeneous lymphoproliferative disorder for 

which no standard of care currently exists. Evidence that the pathophysiology of CD is fueled 

by excessive interleukin-6 (IL-6) has led to considerable interest in therapeutic targeting of this 

cytokine. Siltuximab, a chimeric monoclonal antibody to IL-6, has thus emerged as a promising 

treatment option in a disease lacking efficacious therapy. Here, we review the findings of recent 

studies evaluating single-agent siltuximab treatment in CD, including the first-ever randomized 

clinical trial in this disease. Although much more work is needed to establish a standardized 

treatment approach, siltuximab appears to be a safe and effective treatment for patients with 

newly diagnosed and previously treated CD.
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Introduction
Castleman disease (CD) comprises a group of rare disorders characterized by 

proliferation of morphologically benign lymph nodes due to proinflammatory effects of 

excessive cytokines, especially interleukin-6 (IL-6). Due to the rarity and heterogeneity 

of the disease, it has been difficult to establish the incidence of CD; however, a recent 

study estimates that 4,253 new cases of CD are diagnosed in the US each year.1

As shown in Figure 1, CD is broadly divided by clinical presentation into unicentric 

disease, involving only a single lymph node, and multicentric disease, which causes 

generalized lymphadenopathy with systemic symptoms including fatigue, cachexia, 

and fever, as well as laboratory abnormalities, including anemia and increased 

concentrations of acute-phase proteins (eg, C-reactive protein [CRP] and fibrinogen).2 

CD is also categorized in terms of lymph node histopathology, with hyaline-vascular, 

plasmacytic, and mixed cellularity variants; a fourth variant, plasmablastic, is found 

only in multicentric CD. The multicentric variant is further distinguished by its 

association with HIV and human herpesvirus-8 (HHV-8) positivity in many cases.3 

In fact, recent work has focused on the subclassification of multicentric CD based 

on association with HHV-8 and/or HIV, a vital distinction, especially as it relates to 

effective therapy for each entity.4

While unicentric CD is largely curable by resection of the affected lymph 

node, identifying effective therapy for HIV-negative multicentric disease has 

proved more difficult. Due to the rarity of the disease, randomized clinical trials 

remain a challenge, and there is no established standard of care for treatment. 

Treatment strategies have included suppression of immune and inflammatory 

responses as well as targeted elimination of those cells responsible for producing 
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Figure 1 Historical characterization of Castleman disease.
Abbreviation: HHV-8, human herpesvirus-8.
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the culprit cytokines.4 Unfortunately, while corticosteroids 

are sometimes effective in subduing a CD flare, patients 

often relapse upon steroid taper.5,6 Immunosuppressive 

cyclosporine A has also been used, but data on its effective-

ness are limited to case reports.7,8 Rituximab, a monoclonal 

CD20 antibody that targets B cells, is well established as 

effective first-line therapy in HIV-associated CD,9–11 but 

has not been shown to result in sustained responses in HIV-

negative disease.12–14 Similarly, cytotoxic chemotherapy 

regimens based on those used in lymphoma (eg, cyclo-

phosphamide, doxorubicin, vincristine, and prednisone, 

known as CHOP) may induce responses, but these are often 

short-lived.15,16 Although survival data for multicentric CD 

are not well established, a systematic literature review in 

2011 demonstrated a 45.7% 3-year disease-free survival 

rate among 84 case reports of HIV-negative multicentric 

CD.17 In a 2012 case series of 60 multicentric CD patients, 

10-year overall survival (OS) was found to be 40%.18

Given the relative failure of conventional therapies in mul-

ticentric CD, researchers have looked to IL-6 as a potential 

therapeutic target. Although the mechanisms underlying 

dysregulated IL-6 secretion in CD remain unknown, under-

standing of the pleiotropic effects of IL-6 sheds some light 

onto the pathophysiology of this poorly understood disease. 

In addition to its role in hematopoiesis, IL-6 promotes B 

lymphocyte and plasma cell growth, activates macrophages 

and T-cells, and mediates hepatic production of inflammatory 

proteins. IL-6 also decreases albumin secretion by the liver, 

which causes a decrease in the oncotic pressure of the blood, 

leading to pleural or pericardial effusions as well as peripheral 

edema.19 Notably, IL-6 transgenic mice exhibit a CD-like syn-

drome exemplified by peripheral lymphadenopathy, anemia, 

hypoalbuminemia, and hypergammaglobulinemia.20 Preclini-

cal studies showed that these symptoms could be alleviated 

by treatment with antibody to IL-6 receptor.21

Indeed, over the last decade, drugs that inhibit IL-6 

signaling have emerged as a promising new avenue of 

therapy for multicentric CD. In 2005, Nishimoto et  al22 

published data demonstrating that tocilizumab, a human-

ized monoclonal antibody to IL-6 receptor, could produce 

a durable response in terms of symptoms and laboratory 

values while maintaining a tolerable safety profile in CD 

patients; tocilizumab is currently approved for treatment of 

CD in Japan based on the results of that Phase II, open-label, 

single-armed study. More recently, the first randomized clini-

cal trial in CD was published in Lancet Oncology, evaluating 

the effectiveness of the IL-6 antibody siltuximab.23 Here, 

we review the studies investigating siltuximab treatment 

in CD and provide a critical appraisal of the data currently 

available.

Phase I
The final results of a Phase I trial investigating siltuximab 

treatment in patients with multiple myeloma, B-cell 

non-Hodgkin lymphoma, and CD were published by Kurz-

rock et al24 in Clinical Cancer Research in 2013. The study 

included 37 patients with either symptomatic multicentric 

(35) or unresectable unicentric CD (2). None of these patients 

had HIV-associated disease and only one patient was sero-

positive for HHV-8.

The study was designed to investigate a total of 7 dose 

cohorts. Escalating doses of siltuximab infused intrave-

nously over 2 hours (3 mg/kg every 2 weeks, 6 mg/kg weekly 

or every 2 weeks, or 12 mg/kg every 2 or 3 weeks) were 

evaluated in cohorts 1 through 5. A shorter infusion period 

of 1 hour, with 12 mg/kg every 3 weeks was evaluated in 

cohort 6. Cohort 7 was an extension cohort that included 

CD patients only and evaluated siltuximab infused over 1 

hour at 12 or 9 mg/kg every 3 weeks. Response was assessed 

both radiologically using Cheson criteria25 and by clinical 

benefit response (CBR), which was defined as improvement 

in at least one of the following criteria: increase in hemo-

globin (Hb) $2 g/dL; decrease in fatigue or anorexia by at 

least one grade; decrease in fever by at least 2°C, return to 

normal temperature, or improvement in night sweats; weight 

increase $5%; and decrease in diameter of the largest lymph 

node by $25%.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Biologics: Targets and Therapy 2016:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

11

Emerging treatments in Castleman disease

In terms of safety, the authors found no dose-limiting or 

cumulative toxicities associated with siltuximab infusion. 

Grade $3 adverse events (AEs) attributable to siltuximab 

included neutropenia (n=11) and thrombocytopenia (n=3); 

grade $3 sepsis and hyperlipidemia occurred in only 

one patient each. Of note, patients with multiple myeloma 

were significantly more likely to have grade $3 AEs (69%) 

than patients with either non-Hodgkin lymphoma (35%) or 

CD (11%). The most common AEs of all grades included 

thrombocytopenia (25%), neutropenia (19%), hypertriglyc-

eridemia (19%), leukopenia (18%), hypercholesterolemia 

(15%), and anemia (10%). These events led to dose delay 

or discontinuation in only two cases (n=1 each for thrombo

cytopenia and anemia). Four patients experienced reversible 

infusion-related reactions, which did not persist or result 

in discontinuation of treatment. Four patients discontinued 

drug due to siltuximab-associated AEs, but there were no 

siltuximab-related deaths.

Interim results in patients with CD were initially 

reported in the Journal of Clinical Oncology in 2010.26 

After final analysis, 86% CD patients improved in $1 

CBR criterion, with 43% improving in $4 criteria. More 

specifically, a majority of patients showed improvement 

in fatigue (78%), size of largest lymph node (65%), 

weight (60%), and fever or night sweats (51%). Twelve of 

36 CD patients had a radiologic response, 1 with complete 

response (CR) and 11 with partial response (PR). The 

authors reported that maximum suppression of CRP was 

reached at the dose of 12 mg/kg every 3 weeks, and it is 

notable that 8 of 19 patients treated at that dose achieved 

response. Interestingly, expression of IL-6 and IL-6 recep-

tor were not found to be related to response. Median OS 

in all patients was 67.8 months, but was not reached in 

the CD population.

Open-label Phase II
Given the promising results of the Phase I trial and the 

need to evaluate the safety of long-term treatment with 

siltuximab, the study was extended into an open-label 

Phase II trial using 19 CD patients with sustained disease 

control.27 Currently, interim results are available only 

in abstract form. At initiation of the Phase II study, one 

patient had achieved CR, eleven showed PR, and seven had 

maintained stable disease. Of these, 68% had received treat-

ment prior to siltuximab, and 37% were newly diagnosed. 

Patients were treated at a dose of 11 mg/kg every 3 weeks, 

although dosing interval was increased to every 6 weeks 

for eight patients who demonstrated prolonged PR or CR. 

Median treatment time was 5 years, with 74% patients 

treated for 4 years or longer. At a median follow-up time 

of 5 years, OS was 100%.

Over the entire course of treatment (ie, Phases I and II), 

the most common AEs were upper respiratory tract infec-

tion (89%), nausea (63%), vomiting (58%), diarrhea (53%), 

hypercholesterolemia (47%), hypertriglyceridemia, pain in 

extremities, headache, rash, and hepatic function abnormali-

ties (each 42%). Events $grade III included gastrointestinal 

complications (32%), infections (26%), blood/lymphatic 

system disorders and general disorders/administration-site 

conditions (each 21%). Incidence of AEs was higher in the 

first 2 years of treatment than during years 2–4 or beyond 

4 years. Importantly, all patients were alive and maintained 

disease control at time of reported results.

Randomized, controlled clinical trial
Results from the very first randomized clinical trial in CD 

were published in 2014. This multicenter, double-blinded 

study involved 38 hospitals in 19 countries and enrolled 

79 patients with symptomatic multicentric CD; HIV- 

and HHV-8-associated disease was excluded.

Methods
Patients were randomized 2:1 to receive treatment with 

siltuximab 11 mg/kg or placebo every 3 weeks, along 

with best supportive care. Drug was stopped at treat-

ment failure, which was defined as sustained increase in 

grade $2 disease-related symptoms persisting $3 weeks, 

new disease-related grade $3 symptoms, sustained .1 point 

increase in Eastern Cooperative Oncology Group per-

formance status (ECOG-PS) persisting for $3 weeks, 

radiological progression by modified Cheson criteria, 

or initiation of another treatment for multicentric CD. 

The primary endpoint for this trial was durable tumor 

and symptomatic response, including radiologic CR or 

PR by Cheson criteria, which were adjusted to account 

for cutaneous lesions, and improvement or stabilization 

of CD-related symptoms during $18 weeks of treatment. 

Disease burden was monitored with computed tomography 

(CT) scan every 9 weeks for the first 6 months, then every 

3 months subsequently. Secondary endpoints included 

duration of response, tumor response, time to treatment 

failure, 1.5 g/dL or greater increase in hemoglobin between 

baseline and week 13, discontinuation of corticosteroids, 

1-year OS, and patient-reported outcomes. Crossover from 

the placebo group to open-label treatment with siltuximab 

was allowed after first treatment failure.
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Table 1 Key efficacy endpoints

Siltuximab  
group (n=53)

Placebo  
group (n=26)

Difference or  
HR (95% CI)

P-value

Primary endpoint
 � Durable tumor and symptomatic response by independent review* 18 (34%) 0 (0%) 34.0% (11.1–54.8) 0.0012
  Complete response 1 (2)% 0 (0%) – –
  Partial response 17 (32%) 0 (0%) – –
 � Duration of durable tumour and symptomatic response* (days) 383 (232–676) – – –
Secondary endpoints
  Tumour response by independent review† 20 (38%) 1 (4%) 33.9% (11.1–54.8) 0.0022
  Complete response 2 (4%) 0 (0%) – –
  Partial response 18 (34%) 1 (4%) – –
  Tumour response by investigator Assessment† 27 (51%) 0 (0%) 50.9% (29.2–70.1) ,0.0001
  Complete response 3 (6%) 0 (0%) – –
  Partial response 24 (45%) 0 (0%) – –
Time to tumour response by independent review for responders† (days) 155 (44–742) 65 (65–65) – –
  Durable symptomatic response rate* 30 (57%) 5 (19%) 37.4% (14.9–58.2) 0.0018
  Complete symptom response 13 (25%) 0 (0%) 24.5% (1.4–46.2) 0.0037
  Time to durable symptomatic response* (days) 170 (67–274) NE (227–NE) 2.774 (1.068–7.206) 0.0288
  Time to treatment failure* (days) NE (378–NE) 134 (85–NE) 0.418 (0.214–0.815) 0.0084
  Time to next treatment* (days) NE (NE–NE) 280 (161–NE) 0.298 (0.137–0.652) 0.0013
 � Haemoglobin concentration increase of $15 g/L at week 13 

compared with baseline‡

19 (61%) 0 (0%) 61.3 (28.3–85.1) 0.0002

  Patients who discontinued corticosteroids$ 4 (31%) 1 (11%) 19.7 (-23.6–56.7) 0.3602

Note: Data are n (%) or median (range). *Intention-to-treat population. †Response-evaluable population. ‡Haemoglobin response-evaluable population (31 in siltuximab 
group vs 11 in placebo group). $Patients taking corticosteroids at baseline: 13 vs nine.  Reprinted from Lancet Oncol, Vol 15, van Rhee F, Wong RS, Munshi N, et al, Siltuximab 
for multicentric Castleman’s disease: a randomised, double-blind, placebo-controlled trial, pages 966–974, Copyright 2014, with permission from Elsevier.23

Abbreviations: NE, not evaluable; CI, confidence interval; HR, hazard ratio.
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Results
After a median duration of follow-up in the intent-to-treat 

population of 422 days, 34% patients in the siltuximab-treated 

group showed a durable response (1 CR, 17 PR) compared 

to 0 in the placebo group. Notably, no patients with the 

hyaline vascular subtype attained a durable response. As in 

preceding studies, baseline IL-6 levels did not correlate with 

response. Treatment with siltuximab resulted in a reliable 

increase in albumin as well as a decrease in CRP, although 

authors could not identify a baseline CRP level that would 

predict response. One-year OS was 100% in the siltuximab 

arm and 92% in the placebo arm; other secondary endpoints 

are summarized in Table 1.

Median time to radiologic response was 155 days, 

with median duration of response reported at 383 days. In 

the siltuximab-treated group, median duration of blinded 

treatment was 375 days, with 19 cycles of treatment, 

compared to 152 days (8 cycles) in the placebo group. 

Similarly, median time to treatment failure was not reached 

in the siltuximab group compared to 134 days for patients 

who received placebo. Around 40% of siltuximab-treated 

patients had $1 dose delayed, with 3% total doses of 

siltuximab delayed due to AEs in 15 patients, most fre-

quently neutropenia (n=2). Due to treatment failure, 30% 

of patients in the siltuximab arm discontinued drug, while 

50% (13) placebo-treated patients crossed over to receive 

open-label siltuximab. At time of analysis, one of these 

patients attained PR, and 9 others had not yet reached 

treatment failure.

Safety
Despite a signif icantly longer treatment time for the 

siltuximab group, AEs occurred at similar frequencies in 

both groups, with 23% incidence of severe AE (SAE) in 

siltuximab-treated patients compared to 19% in the placebo 

arm. AEs more likely to occur with siltuximab treatment 

included pruritus, rash, weight gain, upper-respiratory 

infection, and edema. Four siltuximab-treated patients 

experienced low-grade infusion reaction, with one case of 

anaphylaxis. AEs that led to drug discontinuation (23% in 

the siltuximab group vs 38% in the placebo group) were all 

attributed to disease progression, except in the case of the 

anaphylactic infusion reaction and in a patient on placebo 

who developed myelodysplastic syndrome. Fatigue and 

night sweats were the only grade $3 events that occurred 

in .5% of siltuximab-treated patients. Three patients had 

siltuximab-related SAEs (sepsis, lower-respiratory infection, 

and anaphylaxis), but there were no siltuximab-related 
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Table 2 Most common adverse events of all grades by siltuximab 
trial

Adverse events in clinical  
studies

% of adverse  
events

Phase I (Kurzrock et al)24

Thrombocytopenia 25
Neutropenia 19
Hypertriglyceridemia 19
Leukopenia 18
Hypercholesterolemia 15

Phase II (van Rhee et al)27

URI 89
Nausea 63
Vomiting 58
Diarrhea 53
Hypercholesterolemia 15

RCT (van Rhee et al)23

Pruritus 42
URI 36
Fatigue 34
Rash 34
Peripheral edema 32

Abbreviations: RCT, randomized, controlled trial; URI, upper respiratory tract 
infection.
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deaths. Table 2 summarizes AEs reported in all three siltux-

imab trials.

Discussion
Evaluating treatment eff icacy in CD presents several 

challenges, given its status as a rare, heterogeneous disease. 

First, there is no standard for classifying CD, although a 

recent paper in Blood suggests categorization based on 

HHV-8 association and posits the term “idiopathic mul-

ticentric CD” (iMCD) as a subclassification that largely 

describes the population studied in the above trials; that 

is, patients with multicentric disease without HHV-8 or 

HIV association.4 It remains unclear what percentage of 

CD patients comprise this subclassification, and how their 

prognosis and response to treatment compare to those with 

HHV-8-associated disease; of note, a recent systematic 

literature review published as an abstract identified 32% of 

HIV-negative cases as HHV-8-negative and 26% as HHV-8 

unknown.28 Further adding to the uncertainty of classification 

is the fact that there is no standard method for establishing 

HHV-8 positivity: some experts believe seropositivity alone 

to be an unreliable test, instead recommending detection of 

replicating virus by quantitative polymerase chain reaction in 

the blood or positive LANA-1 stain of the lymph node. Broad 

adoption of the subclassification system recommended by 

Fajgenbaum et al4 could help to clear much of the ambiguity 

surrounding the diagnosis of CD and set the stage for better 

standardization in further studies assessing prognosis and 

response to treatment.

Second, there is no standard of care in CD. Studies of 

other therapies are limited to case series and retrospective 

reviews, with the exception of the 2005 Japanese study 

evaluating tocilizumab, the monoclonal antibody to 

IL-6-receptor. Although that Phase II trial led to approval 

of tocilizumab for treatment of multicentric CD in Japan, it 

lacked a control group and utilized less rigorous criteria for 

response. Additionally, the 28 patients enrolled represented 

a much more homogenous group than those studied in the 

siltuximab trials.

Third, there is no current standard for assessing disease 

response in CD. Although both of the above siltuximab studies 

adopted some form of the Cheson criteria to define radiologic 

response, their approaches to defining symptomatic response 

were slightly different. The Phase I study defined CBR in 

terms of improvement in anemia, fatigue, anorexia, fever, 

weight, and/or lymph node diameter, evaluated on days 37 and 

56 and “during extended treatment”. The randomized Phase II 

trial, on the other hand, assessed symptomatic response based 

on improvement or stabilization of the sum of the severity of 

34 CD-related signs and symptoms after 18 weeks of treat-

ment or more. Again, standardization of response assessment 

will be helpful to evaluate the comparative efficacy of treat-

ment strategies in CD.

Even in light of these inherent limitations, siltuximab 

appears to be a safe treatment option for treatment of 

HIV-negative, HHV-8-negative multicentric CD as evi-

denced by the safety profiles in all three studies. Moreover, 

while there is no standard of care to which it can be com-

pared, siltuximab seems at least to outperform placebo in 

the first-ever randomized controlled trial in CD in terms of 

durable tumor response as well as improvement in symp-

toms and laboratory values. Importantly, durable responses 

were seen in both newly diagnosed and previously treated 

patients. Although no statistically significant difference 

in OS between siltuximab and best supportive care was 

observed, the randomized study’s cross-over design may 

have muted any potential survival advantage. In addition, 

as authors of this study point out, achievement of radiologic 

response took much longer than correction of laboratory 

values. Since a proportion of patients in the siltuximab 

arm were still on treatment at the time of analysis (21%), 

it is possible that some of these may attain response with 

continued treatment. A longer follow-up period could thus 

reveal additional responses or even uncover a survival 

advantage.
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It remains unclear why some patients achieved durable 

responses, while others did not. Subgroup analysis in the 

randomized Phase II trial showed increased benefit of siltux-

imab for patients younger than 65, race other than white, male 

sex, and lack of corticosteroid use at randomization, which 

may serve as a proxy for disease severity. In that trial, no 

patients with hyaline vascular subtype attained response, but 

the previous Phase I study reported responses in this group. 

In both studies, baseline CRP and IL-6 levels do not appear 

to correspond with response. In addition, siltuximab’s direct 

interaction with IL-6 limits the ability to assay IL-6 levels 

during treatment. It is possible that other cytokines (eg, IL-1, 

IL-10, TNF-α) may drive disease in nonresponders, but fur-

ther studies will be needed to address this question.

Although the above siltuximab trials provide valuable 

insight into treatment options for patients with “idiopathic” 

multicentric CD, they do not address the efficacy of this drug 

in HHV-8-driven disease. The authors of the randomized 

trial report that siltuximab was not studied in this population 

since (per unpublished data) siltuximab does not bind to 

viral IL-6, the cytokine postulated to fuel HHV-8-associated 

CD. However, recent work suggests that human IL-6 also 

contributes to pathology in HHV-8-positive CD.29 As a 

whole, treatment for HIV- and HHV-8-associated CD remains 

understudied. Future studies should investigate whether the 

durable responses seen with siltuximab in HHV-8-negative 

CD patients can be recapitulated in patients with HHV-8 

positivity.

In conclusion, the first-ever randomized, controlled trial 

in multicentric CD posits siltuximab as a promising treat-

ment option for patients with new and previously treated 

disease. Furthermore, the study represents an important 

initial step toward standardization of treatment approach 

in this poorly understood disorder. The Phase I and II 

studies evaluating the efficacy of single-agent siltuximab 

treatment lay the groundwork for future investigation of 

combination therapy with siltuximab-containing regimens; 

it is possible that combining siltuximab with tocilizumab, 

other cytokine inhibitors, or “conventional” CD treatments 

may improve response rate. Overall, much more work 

is needed to determine the optimal treatment strategy in 

multicentric CD.
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