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Biologics have revolutionized the field of clinical immunology and proven to be both
effective and safe in common immune-mediated inflammatory diseases (IMIDs) such as
rheumatoid arthritis, inflammatory bowel diseases, and various hematological disorders.
However, in patients with rare, severe IMIDs failing on standard therapies, it is virtually
impossible to conduct randomized controlled trials. Therefore, biologics are usually prescribed off-label in these often severely ill patients. Unfortunately, off-label prescription
is sometimes hampered in these diseases due to a lack of reimbursement that is often
based on a presumed lack of evidence for effectiveness. In the present article, we will
discuss that off-label prescription of biologics can be a good way to discover new treatments for rare diseases. This will be illustrated using a case of multicentric Castleman’s
disease, an immune-mediated lymphoproliferative disorder, in which off-label tocilizumab
(humanized anti-IL-6 receptor blocking antibody) treatment resulted in remarkable clinical
improvement. Furthermore, we will give recommendations for monitoring efficacy and
safety of biologic treatment in rare IMIDs, including the use of registries. In conclusion,
we put forward that innovative treatments for rare IMIDs can be discovered via off-label
prescription of biologicals, provided that this is based on rational arguments including
knowledge of the pathophysiology of the disease.
Keywords: giant lymph node hyperplasia, multicentric Castleman’s disease, off-label use, interleukin-6,
tocilizumab, biological products, registries

INTRODUCTION
In patients with rare, severe immune-mediated inflammatory diseases (IMIDs), biologics are often
the last treatment option when standard therapy with classical immunosuppressive drugs fails.
However, clear guidelines on biologic prescription in these diseases are often lacking. A major reason
is that proper randomized controlled trials (RCTs) are difficult to design due to the low prevalence,
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heterogeneity of patients, and the severe medical condition of
patients. Since RCTs are usually required for registration of therapy
for a specific disease, physicians often prescribe biologics off-label
in these diseases (1). Off-label prescription can be defined as the
prescription of a drug for conditions other than current registered
indications. This means that the drug is approved by either FDA
or EMA for a certain disease, yet there is no definitive proof for the
efficacy of the specific drug for other conditions. The physician’s
decision to prescribe off-label in such cases is often based on the
pathophysiology of the disease or shared symptoms with other
diseases in which the biologic has proven to be effective. This is
called rational prescription and may lead to innovative treatment
options, especially in rare diseases. We will illustrate this in the
present article by discussing the case of Castleman’s disease (CD)
and interleukin (IL)-6 receptor blockade, including a case report
of a patient who responded very well to this treatment strategy.
In addition, we provide an overview of current new developments
toward responsible off-label use of biologics in rare, severe, and
therapy-refractory IMIDs.

diagnosing MCD can sometimes be hard, because symptoms are
often not very specific. Nonetheless, CD should be suspected
when a patient’s primary diagnosed disease, such as another
lymphoproliferative disease or autoimmune disease is unusually
hard to treat (8).

TREATMENT OF CASTLEMAN’S DISEASE
Corticosteroids are given as standard therapy in CD, usually
resulting in improvement of symptoms, normalization of
laboratory parameters, and regression of lymphadenopathy (2,
4). However, relapses are often seen after tapering the dose. Other
treatment options are combination chemotherapy and the use of
lenalidomide/thalidomine (4). Biologics have also been used in
the treatment of CD. Rituximab (chimeric anti-CD20 monoclonal antibody) may be effective, especially in CD patients with
pre-existent autoimmune disease (9). Interestingly, long-term
remission has also been reported after rituximab administration (2). Clinical improvement after rituximab treatment has
been associated with reduced serum levels of pro-inflammatory
cytokines, including IL-6 (10). The following case report illustrates
the challenges in the treatment of MCD and the potential benefit
of rational off-label prescription of biologics in rare IMIDs. In
accordance with Dutch laws, the patient gave written informed
consent to both the off-label treatment with tocilizumab and the
use of his case for this manuscript.

CASTLEMAN’S DISEASE: CLINICAL
SYMPTOMS AND THE ROLE OF IL-6
Castleman’s disease is a rare and relatively unknown lymphoproliferative disorder. It is characterized by polyclonal
B-cell proliferation, usually associated with autoimmune and
connective tissue symptoms, and often goes together with a preexisting autoimmune disorder, such as rheumatoid arthritis (RA),
Sjögren’s syndrome, and systemic lupus erythematodes (SLE) (2).
Castleman’s disease can be divided into unicentric Castleman’s
disease (UCD) and multicentric Castleman’s disease (MCD). In
UCD, a single lymphoid region is involved, in contrary to the
latter in which multiple lymphoid regions are involved (3). UCD
usually causes complaints resulting from enlargement of one or
more lymph nodes and mostly lacks systemic symptoms (2).
Removal of the lymph node cures 90% of the patients without
further complications (4). MCD, on the other hand, can cause
“B symptoms” and signs such as anorexia, anemia, and low white
blood cell counts (3). MCD has been associated with HIV infection, which is similar to MCD observed in non-HIV-infected
patients, except for the high prevalence of pulmonary symptoms
and strong association with Kaposi’s sarcoma. Interestingly, also
HHV-8, a virus causing Kaposi’s sarcoma, is also associated with
MCD (5). Both UCD and MCD are characterized by hypersecretion of IL-6, most likely by germinal center B-cells in hyperplastic lymph nodes. Furthermore, a correlation between serum
IL-6 levels and clinical symptoms of patients with CD was shown
(6). IL-6 regulates T-cell function, acute phase reaction, and
terminal B-cell differentiation (2). Overproduction of IL-6 can
cause various symptoms, including fever and lymphadenopathy,
and has been associated with autoimmune disorders, such as
RA and juvenile idiopathic arthritis (JIA), as well as lymphoid
malignancies (7). The prognosis for MCD is usually better when
diagnosed early. Yet, early diagnosis can be very challenging
because of the common manifestation of lymph node enlargement in patients with various autoimmune disorders. Moreover,
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CASE REPORT
A 63-year-old male patient was referred with lymphadenopathy,
limb pain, weight loss, and night sweats. Infectious causes and
lymphoma were excluded. Eventually, he was diagnosed with
MCD, based on clinical manifestations in combination with
results of lymph node and bone marrow biopsies demonstrating
polyclonal B-cell proliferation. HHV-8 and HIV tests were negative. After failing to respond to high-dose prednisolone treatment, rituximab was administered, dosed in a cycle of 1000 mg
intravenously twice every 6 months, which eventually led to a
stable condition for 2 years. However, the disease recurred with
extensive lymphadenopathy and strongly elevated erythrocyte
sedimentation rate (ESR) levels. In addition, he experienced
severe weight loss (10 kg), nausea, loss of appetite, increased
muscle pain, and extreme fatigue, resulting in disability. Based
on the important role of IL-6 in the biology of B-cells, elevated
IL-6 levels in patients with CD, and case reports, tocilizumab
(anti-IL-6 receptor antibody) treatment was initiated (600 mg
biweekly intravenously) combined with methotrexate (7.5 mg
weekly). This resulted in a marked decrease in C-reactive
protein (CRP) and ESR levels, normalization of hemoglobin
(Hb) (Figure 1) and albumin levels and remarkable clinical
improvement (weight gain and improvement in overall physical condition). In addition, there was a significant reduction of
the lymphadenopathy. Lowering the frequency of tocilizumab
administration was not possible as this resulted in immediate
flaring of the disease. Subsequent increased dosing induced
remission again.
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Figure 1 | Inflammatory parameters and hemoglobin levels in time. Red line indicates start tocilizumab therapy.

IL-6 BLOCKADE IN CASTLEMAN’S
DISEASE

reports have also described as a good outcome of IL-6 receptor blockade in patients with CD. Nishimoto et al. report an
open-label study of 28 patients with MCD. Patients were treated
biweekly with 8 mg/kg of tocilizumab for 16 weeks, resulting in
improvement of symptoms, reduced acute phase reactants, and
decreased need for corticosteroids (13). Interestingly, a recent
paper reported persistent improvement of anemia in CD after the
administration of tocilizumab. Twelve months after tocilizumab
administration, iron-related parameters normalized and symptoms improved in all nine patients (14). This can be explained by
the role of IL-6 as inducer of hepcidin, a principal regulator of
iron homeostasis (15). Tocilizumab blocks the IL-6 receptor and
indirectly downregulates hepcidin. This results in a decrease of
iron storage and therefore an increase of serum iron available for
Hb synthesis and erythrocyte production, leading to a normalization of the anemia in MCD (2, 14).
As described here, tocilizumab can be very effective in
patients with this condition who do not respond to conventional
treatment (16). In Japan, these findings have led to the approval

As already mentioned, IL-6 overproduction is associated with
the pathogenesis of CD and IL-6 signaling can be blocked by
tocilizumab, a humanized monoclonal antibody directed against
the human IL-6 receptor. Tocilizumab is used in the treatment
of chronic inflammatory diseases in which IL-6 has been implicated in the pathogenesis and exerts its effects by neutralizing
the pro-inflammatory effects of IL-6/IL-6 receptor signaling. In
addition, tocilizumab treatment may increase the proportion and
function of regulatory T cells in the peripheral blood, as has been
described in RA (11, 12).
Like most other biologics, the use of tocilizumab is associated
with a moderately increased risk of infection. Furthermore,
patients sometimes exhibit a transient hypercholesterolemia.
Tocilizumab is an effective and safe officially approved treatment
for RA and JIA. We describe the successful treatment of a patient
with CD with tocilizumab. Over the past few years, several other
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and registration of tocilizumab for the treatment of CD (2, 16).
However, in many other countries, including the Netherlands and
the USA, tocilizumab has not been approved for the treatment of
CD and is therefore often not reimbursed.

important information on safety and efficacy in a variety of
conditions (17). For example, the RUBRIC registry (acronym
for Rational Use of Biologics in Refractory Immune-mediated
inflammatory diseases Consortium) is a web-based registry in the
Netherlands aiming to identify and monitor all patients suffering
from rare therapy-refractory IMIDs who are treated off-label
with biologics (18). The information that is generated will be used
to develop treatment protocols, which may guide physicians on
off-label prescription of biologics and may help payers to make
informed decisions about reimbursement.

RATIONAL PRESCRIPTION OF BIOLOGICS
AND MONITORING OFF-LABEL USE
This case report illustrates that off-label prescription is sometimes
the only option left after failure of all other possible treatments
and can be very effective. Importantly, off-label prescription of
biologics should preferably be “rational,” i.e., prescription of an
approved drug proven to be safe and effective in a certain disease
for another disease based on shared signs and symptoms or
knowledge on the pathophysiology of the disease. The present
case is a good example of rational prescription, as the initiation of
tocilizumab treatment was mainly based on the important role of
IL-6 in the pathophysiology of CD. Other examples of this are the
use of anti-TNF biologics in TNF-driven diseases or the prescription of IL-1 receptor antagonists in autoinflammatory diseases
that are characterized by derailed IL-1-dependent intracellular
processes (1).
Obviously, it is crucial to carefully monitor efficacy and safety
of biologics that are prescribed off-label (1). This is not only
important for individual patients but also for generating more
evidence to eventually support reimbursement of novel off-label
treatments for rare IMIDs; especially since healthcare authorities
often decide that off-label prescription of these expensive drugs
is not reimbursed due to “lack of evidence” for efficacy in rare
IMIDs, which may prevent physicians from prescribing biologics
in these patients. We therefore advocate improved monitoring
and reporting off-label use of biologics through registries. In
several countries, registries have been set up that have provided

CONCLUSION
Off-label prescription of drugs is both legal and common and may
give early access to new valuable treatments for patients, thereby
adding to the innovation of clinical practice. This is especially the
case in “orphan diseases” such as rare IMIDs, in which it is very
difficult to conduct RCTs, but it also holds true for more common diseases as exemplified by infliximab (anti-TNF) treatment
for refractory sarcoidosis. However, it is crucially important to
consequently monitor efficacy and safety. We therefore advocate
the use of registries, which will result in the collection of unbiased
data that can be used to develop treatment guidelines for off-label
prescription of biologics in individual rare IMIDs. Ultimately, this
will lead to a more evidence-based and rational use of biologics
in these diseases.

AUTHOR CONTRIBUTIONS
AM and AA performed the literature search and wrote the manuscript. AM and AA contributed equally to this paper. DG and
PT treated the patient, reviewed, and edited the manuscript. ST
wrote and edited the paper.

REFERENCES

9. Ocio EM, Sanchez-Guijo FM, Diez-Campelo M, Castilla C, Blanco OJ,
Caballero D, et al. Efficacy of rituximab in an aggressive form of multicentric
Castleman disease associated with immune phenomena. Am J Hematol (2005)
78:302–5. doi:10.1002/ajh.20283
10. Bower M, Veraitch O, Szydlo R, Charles P, Kelleher P, Gazzard B,
et al. Cytokine changes during rituximab therapy in HIV-associated
multicentric Castleman disease. Blood (2009) 113:4521–4. doi:10.1182/
blood-2008-12-197053
11. Kikuchi J, Hashizume M, Kaneko Y, Yoshimoto K, Nishina N, Takeuchi T,
et al. Peripheral blood CD4 + CD25 + CD127 low regulatory T cells are
significantly increased by tocilizumab treatment in patients with rheumatoid
arthritis: increase in regulatory T cells correlates with clinical response.
Arthritis Res Ther (2015) 7:1–10. doi:10.1186/s13075-015-0526-4
12. Bayry J, Sibéril S, Triebel F, Tough DF, Kaveri SV. Rescuing CD4 + CD25
+ regulatory T-cell functions in rheumatoid arthritis by cytokine-targeted
monoclonal antibody therapy. Drug Discov Today (2007) 12:548–52.
doi:10.1016/j.drudis.2007.05.002
13. Nishimoto N, Kanakura Y, Aozasa K, Johkoh T, Nakamura M, Nakano
S, et al. Humanized anti-interleukin-6 receptor antibody treatment of
multicentric Castleman disease. Blood (2005) 106:2627–32. doi:10.1182/
blood-2004-12-4602
14. Song SN, Tomosugi N, Kawabata H, Ishikawa T, Nishikawa T, Yoshizaki K.
Down-regulation of hepcidin resulting from long-term treatment with an
anti-IL-6 receptor antibody (tocilizumab) improves anemia of inflammation
in multicentric Castleman disease. Blood (2010) 116:3627–34. doi:10.1182/
blood-2010-03-271791

1. Baeten D, van Hagen PM. Use of TNF blockers and other targeted therapies
in rare refractory immune-mediated inflammatory diseases: evidence-based
or rational? Ann Rheum Dis (2010) 69:2067–73. doi:10.1136/ard.2009.126813
2. Muskardin TW, Peterson BA, Molitor JA. Castleman disease and associated
autoimmune disease. Curr Opin Rheumatol (2012) 24:76–83. doi:10.1097/
BOR.0b013e32834db525
3. Cronin DMP, Warnke RA. Castleman disease: an update on classification
and the spectrum of associated lesions. Adv Anat Pathol (2009) 16:236–46.
doi:10.1097/PAP.0b013e3181a9d4d3
4. Chronowski GM, Ha CS, Wilder RB, Cabanillas F, Manning J,
Cox JD. Treatment of unicentric and multicentric Castleman
disease and the role of radiotherapy. Cancer (2001) 92:670–6.
doi:10.1002/1097-0142(20010801)92:3<670::AID-CNCR1369>3.0.CO;2-Q
5. Soulier BJ, Grollet L, Oksenhendler E, Cacoub P, Cazals-Hatem D, Babinet
P, et al. Kaposi’s sarcoma-associated herpesvirus-like DNA sequences in
multicentric Castleman’s disease. Blood (1995) 4:1276–80.
6. Yoshizaki K, Matsuda T, Nishimoto N, Kuritani T, Taeho L, Aozasa K, et al.
Pathogenic significance of dnterleukin-6 (IL-6/BSF-2) in Castleman’s disease.
Blood (1989) 74:1360–7.
7. Hirano T. Review interleukin 6 in autoimmune and inflammatory diseases: a
personal memoir. Proc Jpn Acad Ser (2010) 86:717–30. doi:10.2183/pjab.86.717
8. De Marchi G, De Vita S, Fabris M, Scott CA, Ferraccioli G. Systemic connective tissue disease complicated by Castleman’s disease: report of a case and
review of the literature. Haematologica (2004) 89:6–10.

Frontiers in Immunology | www.frontiersin.org

4

December 2015 | Volume 6 | Article 625

Musters et al.

IL-6 Receptor Blockade in Castleman’s Disease

15. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, McVey Ward
D, et al. Hepcidin regulates cellular iron efflux by binding to ferroportin
and inducing its internalization. Science (2004) 306:2090–3. doi:10.1126/
science.1104742
16. Smolen JS, Schoels MM, Nishimoto N, Breedveld FC, Burmester GR, Dougados
M, et al. Consensus statement on blocking the effects of interleukin-6 and
in particular by interleukin-6 receptor inhibition in rheumatoid arthritis
and other inflammatory conditions. Ann Rheum Dis (2013) 72:482–92.
doi:10.1136/annrheumdis-2012-202469
17. Ramos-Casals M, Brito-Zerón P, Muñoz S, Soto M-J. A systematic
review of the off-label use of biological therapies in systemic autoimmune diseases. Medicine (Baltimore). (2008) 87:345–64. doi:10.1097/
MD.0b013e318190f170

Frontiers in Immunology | www.frontiersin.org

18. RUBRIC-registry. Available from: http://www.rubricregister.nl
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2015 Musters, Assaf, Gerlag, Tak and Tas. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

5

December 2015 | Volume 6 | Article 625

