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Rituximab is a chimeric murine-human monoclonal antibody to CD20 that induces the depletion of
B cells in vivo. Approved for the treatment of relapsed or refractory low-grade or follicular CD201 B-cell
lymphoma, rituximab has been used with success for the treatment of several dermatologic disorders,
including pemphigus vulgaris; atopic dermatitis; some immune-mediated vasculitides; epidermolysis
bullosa acquisita; cryoglobulinemia; primary cutaneous B-cell lymphoma; dermatomyositis; and chronic
graft versus host disease. The overall safety profile of rituximab has been favorable, with the most
common adverse events related to infusion reaction associated with intravenous administration. Intralesional injection of rituximab has been evaluated with some success in a small number of patients with
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cutaneous B-cell lymphomas.

R

ituximab is a chimeric murine-human
monoclonal antibody to CD20 that induces
the depletion of B cells in vivo.1-4 In
1980, CD20 was identified as the first
B lymphocyte–specific antigen that is initially expressed by pre–B lymphocytes and subsequently
continues to be expressed by mature B lymphocytes as
they develop.5 In 1994, Reff et al1 developed a chimeric
anti-CD20 antibody produced by the fusions of the mouse
variable region with the human immunoglobulin G1
heavy chain and ê light chain. By 1997, rituximab was
approved by the US Food and Drug Administration (FDA)
as the first monoclonal antibody approved for the
treatment of relapsed or refractory low-grade or follicular CD201 B-cell lymphoma.1-6 Rituximab and its FDAapproved indications are familiar to most dermatologists,
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but a multitude of new, non–FDA-approved uses have
been studied and other therapeutic applications continue
to evolve.2-5 The drug is a promising agent for the treatment of diseases associated with B cells and their associated antibodies.7 A list of potential off-label indications
of rituximab in dermatology is found in the Table.2-5
This article reviews the mechanism of action, dosage,
and adverse effects of rituximab in addition to serving as
a review of the current literature on selected non–FDAapproved dermatologic applications of rituximab.

Mechanism of Action
The CD20 receptor is the target of the mechanism of action
of rituximab.1-5 CD20 is a B-cell–specific antigen expressed
on the surface of B lymphocytes throughout their differentiation from the pre–B-cell to the mature B-cell stage.
This antigen is not found on the surface of plasma cells
or stem cells.1-3 From a clinical perspective, this sparing of
the plasma cells and hematopoietic precursor cells results
in a nondramatic reduction of immunoglobulin levels and
the return of B cells into the circulation within 6 months
of therapy.2-4,8,9 Regarding chemical structure, rituximab is
composed of a murine variable region (Fab fragment) that
is fused to a human constant region (Fc fragment). The
Fab fragment binds specifically to the CD20 antigen. Following this binding, the Fc fragment facilitates the recruitment of immune cells to aid in the lysis of the CD201
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Potential Dermatologic
Indications for Rituximab 2-5
Acute GVH disease
Angioedema
Atopic eczema
Bullous pemphigoid
Chronic GVH disease
Cryoglobulinemia

Adverse Effects

Dermatomyositis
Epidermolysis bullosa acquisita
Immunobullous disease
Mucous membrane pemphigoid
Paraneoplastic pemphigus
Pemphigus foliaceus
Pemphigus vulgaris
Primary cutaneous B-cell lymphoma
Schnitzler syndrome
Scleroderma

Vitiligo

Rituximab is generally well tolerated, and the incidence of
serious adverse effects is low. Mild to moderate infusionrelated reactions are the most common side effects and
typically are observed with the first administered dose.2-5
The most common side effects in order of frequency are
fever (48%); chills (32%); weakness (18%); nausea (17%);
pruritus (12%); and rash (11%). These symptoms usually
diminish or disappear with subsequent infusions and are
reversible by temporarily discontinuing the infusion. As
mentioned previously, premedication with an antihistamine and an antipyretic has been shown to help reduce the
incidence of infusion-related adverse effects.2-5,12
Although rare, severe and potentially fatal adverse effects
have been reported with rituximab therapy. These include
severe infusion-related reactions; anaphylaxis; severe transient neutropenia; tumor lysis syndrome; reactivation of
hepatitis B virus with fulminant hepatitis; interstitial pneumonitis; Stevens-Johnson syndrome; Kaposi sarcoma; and
progressive multifocal leukoencephalopathy.2-5,13-19
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Systemic lupus erythematosus
Vasculitis

Currently, no consensus exists regarding the most efficacious dose or optimal dosing regimen.2,3
The most frequent side effects associated with the
administration of rituximab are related to infusion reactions.2-4 Prior to the administration of rituximab, premedication with an antihistamine (diphenhydramine)
and an antipyretic (acetaminophen) is commonly recommended to reduce the incidence and intensity of infusion
reactions. Methylprednisone has also been used in the
prevention of adverse effects associated with infusion
reactions from rituximab.2-4

Waldenström macroglobulinemia
Abbreviation: GVH, graft versus host.

B lymphocytes.4 This process is multifactorial and
includes the following mechanisms: complement-dependent
cytotoxicity; antibody-dependent cell-mediated cytotoxicity; direct disruption of cellular signaling pathways; and
triggering of apoptosis. The exact contributory role of
each of the above mechanisms is not clear, and different
mechanisms may dominate in the treatment of specific
disease states.1-5,10

Dosing
Rituximab is typically administered as 4 weekly intravenous infusions of 375 mg/m2. This dose is predicated on
results from 2 studies. Dose-related toxicity of rituximab
has been examined, and in doses up to 500 mg/m2 no
limitation was observed.2-5,8,9 Moreover, Leandro et al11
examined rituximab for the treatment of rheumatoid
arthritis and documented doses of up to 600 mg/m2,
which proved to be effective, while maintaining a favorable safety profile with minimal adverse effects observed.5

Pemphigus Vulgaris and
Paraneoplastic Pemphigus
Numerous case reports have described the utility of rituximab in the treatment of pemphigus vulgaris. The largest
of these case series, published by Ahmed et al,20 examined 11 patients. Of the 11 patients studied, 9 achieved
complete remission. The other 2 patients had partial
remission with subsequent relapses that were successfully treated with rituximab. Notably, the patients in these
studies were started on rituximab after they had been
deemed unresponsive to other more conventional treatment modalities. Other studies yielded similar results in
which a majority of patients showed a favorable response
categorized as either complete or partial remission.2-5,7,20-27
This phenomenon is most likely related to the fact that
pemphigus vulgaris is an antibody-mediated disease,
and the mechanism of action of rituximab curtails the
activity of B cells and the subsequent production of
antibodies. Furthermore, a correlation has appeared that
associates a decrease in pemphigus vulgaris autoantibody
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levels with clinical improvement based on symptomatology. There are also documented studies illustrating the
efficacy of rituximab in severe, recalcitrant pemphigus
vulgaris. Given the success of rituximab in the setting of
pemphigus vulgaris,2-5,7,20-27 controlled trials on the use
of this therapy in pemphigus would be both beneficial
and warranted.
Rituximab has also been shown to result in the remission of paraneoplastic pemphigus. Paraneoplastic pemphigus is a disease caused by an autoimmune mechanism
in patients with various malignancies, including nonHodgkin lymphoma and chronic lymphocytic leukemia.
The cutaneous manifestations of the disease are typically
a polymorphous eruption in addition to an ulcerating
stomatitis.2-5 The works of Heizmann et al,28 Borradori
et al,29 and Rossum et al30 describe cases in which
rituximab therapy has yielded the successful treatment
of follicular non-Hodgkin lymphoma with refractory
paraneoplastic pemphigus. The mechanism has yet to
be fully delineated as it is unclear whether rituximab,
in this setting, treats either the underlying malignancy,
an autoimmune process associated with the malignancy,
or both.5,28-30 Although clinical trials aimed to describe
the efficacy of rituximab in paraneoplastic pemphigus
would be contributory, they are most likely difficult to
carry out, secondary to the very low incidence of this
particular disease state.

patients with refractory epidermolysis bullosa acquisita
achieved remission with rituximab therapy within a range
of 11 to 20 weeks. Crichlow et al33 studied a patient
who received rituximab as an addition to mycophenolate
mofetil. Wallet-Faber et al34 commenced rituximab therapy in a patient whom they examined after he had
exhibited resistance to high-dose systemic corticosteroid
therapy and other immunosuppressive medications.34 The
case presented by Schmidt et al35 described a patient in
whom rituximab was given prior to a treatment regimen
composed of additional immunomodulators, including
azathioprine, prednisolone, and colchicine.35 The mechanism of action of rituximab in these patients is likely
similar to that found in other diseases in which a disruption of antibody-dependent activities of B cells occurs. In
the setting of epidermolysis bullosa acquisita and other
B-cell–mediated diseases, these activities include the presentation of autoantigens, the co-stimulation of T cells,
and the regulation of leukocytes and dendritic cells.2,3
Case reports on the application of rituximab in epidermolysis bullosa acquisita are few, and no formal clinical
trials have been documented thus far. Further research in
this facet of rituximab therapy would be pertinent.
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Atopic Eczema

In atopic eczema, a disease that has been shown to be
orchestrated by T cells, B cells are also components in the
pathogenesis as they are found among the dermal infiltrating cells.31 With this in mind, the first report on the use of
rituximab in the treatment of atopic eczema was published
in 2008 by Simon et al.32 Their research showed the ability of rituximab to reduce B-cell counts in the skin lesions
of patients with atopic eczema by 50%. Although the
B-cell numbers were not entirely depleted, their quantitative reduction yielded an improvement in atopic eczema
symptoms, reduced skin inflammation, and resulted in a
concurrent normalization of the skin’s architecture. Their
work supported the notion that depletion of B cells can
improve the clinical signs and symptoms of atopic eczema.
It also demonstrated that rituximab appears to be a promising therapy for patients with severe atopic eczema refractory to topical corticosteroids, topical calcineurin inhibitor
therapy, or both. The authors further support the view that
clinical trials are necessary to define the safety and efficacy
of rituximab in patients with atopic eczema.32

Epidermolysis Bullosa Acquisita
The works of Crichlow et al,33 Wallet-Faber et al,34
and Schmidt et al35 collectively describe cases in which

Vasculitis

Immune-mediated vasculitides are a hypersensitivity
reaction pattern mediated by immune complexes composed of antibody-antigen formations. The fact that
rituximab decreases antibody production enables it to
serve as a useful treatment for the autoimmune subsets
of vasculitis.7 Multiple open-label trials and case reports
have been published documenting the successful use
of rituximab in antineutrophil cytoplasmic antibodyassociated vasculitis and cutaneous small-vessel vasculitis.36-43 A majority of the patients studied showed
complete remission with rituximab therapy. The minority comprised patients with partial remission and no
response to treatment. In one of the larger published
studies, Keogh et al39 observed the successful induction
of remission in 11 patients with refractory antineutrophil
cytoplasmic antibody-associated vasculitis treated with
rituximab. Overall, treatment with rituximab was well
tolerated, with few instances of serious adverse effects.
The works of Sneller40 and Wong43 discussed the ability
of rituximab to decrease the production of antineutrophilic cytoplasmic antibodies, which are key players in
the pathogenesis of antibody-associated vasculitis. This
effect is founded on the ability of rituximab to reduce the
population of B cells in the circulation.
In addition to the 2 subsets of vasculitis mentioned,
rituximab has been shown to be efficacious in the treatment of vasculitis associated with Churg-Strauss syndrome and of giant cell arteritis.2,3,44-46
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Cryoglobulinemia
Rituximab has also been shown to be an effective treatment modality for cryoglobulinemia.47-51 Cryoglobulinemia is a systemic vasculitis linked to immune complex
deposition in several organs. The mechanism of action
of rituximab in this setting is similar to that found in
the treatment of vasculitis described above with the end
point being reduced B-cell antibody production. Following rituximab therapy, decreased levels of cryoglobulins
and increased levels of complement were both associated with clinical improvement. Furthermore, rituximab
proved to be an effective treatment for the dermatologic
manifestations of cryoglobulinemia. These lesions include
ulcers, purpura, and urticaria.7 The research of Zaja et al51
concluded that rituximab may further serve as a safe and
effective alternative to the standard immunosuppressive
drug regimen in the treatment of mixed cryoglobulinemia.7 Based on the utility of rituximab in this disease
process, a multicenter, controlled, randomized, clinical
trial is currently being conducted to compare rituximab with the currently available treatments in severe
mixed cryoglobulinemia.52

exhibited complete remission of all of their lesions,
whereas the other 3 patients showed a variable response
consisting of remission of some lesions and a reduction
in the size of other lesions. In conclusion, intralesional
injection of rituximab was shown to allow for smaller
dosages than those used with intravenous administration. However, relapse rates appear to be higher with
intralesional therapy than with the conventional route
of intravenous infusion. Intralesional rituximab would
be very applicable in dermatology as long as efficacy and
safety are substantiated in a larger group of patients. Further study is needed in this area.

Dermatomyositis
A few publications have documented the efficacy of
rituximab in the treatment of dermatomyositis.2-5,74-77
An open-label pilot study published by Levine74 has
reported the successful use of rituximab in the treatment of dermatomyositis refractory to standard therapeutic approaches in a population of 7 patients. Using
dynamometry, an increase in muscle strength ranging
from a 36% to a 113% increase as compared with baseline, was noted in all patients. Furthermore, 5 of the
7 patients had skin eruptions and the other 2 patients had
alopecia. Those patients presenting with skin eruptions
reported improvement, and the 2 individuals with alopecia reported a regrowth of hair. Regarding the dosage, all
patients were treated with 4 weekly intravenous infusions
of rituximab. Of note, 3 patients received infusions of
100 mg/m2 as opposed to the standard dose of 375 mg/m2.
This lower dose did not appear to reduce the efficacy of
rituximab therapy as compared with other patients in this
study who were treated with a higher dose.
The work of Dinh et al77 reported marked clinical
improvement in the dermatologic manifestations in
3 patients with dermatomyositis who were treated with
rituximab.77 In this small cohort, the heliotrope rash and
the violaceous poikiloderma were the cutaneous manifestation subsets that were most responsive to treatment
with rituximab.
In the setting of dermatomyositis, the exact mechanism of rituximab is not known. The currently accepted
mechanism for the pathogenesis of dermatomyositis is
initiated by autoantibodies leading to the formation of
a membrane attack complex via binding to an antigen
on the endothelial cell wall surface of endomysial capillaries. From a clinical perspective, this process results in
swelling, necrosis, inflammation, and muscle ischemia.
It is postulated that rituximab may act in this setting by
decreasing the B-cell production of one of the defined
autoantibodies, or an undefined autoantibody, to an
endothelial cell autoantigen, thus disrupting the initiation of the process described above.2,3 Dermatomyositis
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Primary Cutaneous
B-Cell Lymphoma

Multiple publications document the success of rituximab
therapy in the treatment of primary cutaneous B-cell lymphoma and most describe a complete response. The efficacy of rituximab in this setting has also been reported in
patients who have initially relapsed or failed other treatment modalities. Nearly 60 individual cases have been
reported and these cases comprise a variety of subtypes,
including diffuse large B-cell lymphoma; follicular center
cell lymphoma; large B-cell lymphoma of the leg; mantle
cell lymphoma; and marginal zone lymphoma.2-7,53-70 The
high efficacy and success of rituximab in the treatment of
this group of diseases is not surprising given that B cells
are the substrate of the inhibitory action of rituximab.
The 2 largest series each comprised 10 patients.53,67 In the
series presented by Heinzerling et al,53 10 patients were
treated with intravenous rituximab monotherapy at a dose
of 375 mg/m2 on a weekly basis. Eight patients received
4 infusions, 1 patient received 2 infusions, and 1 patient
received only a single infusion. The overall response rate
was 70%, with a complete response rate of 20% and a
partial response rate of 50%. Gellrich et al67 presented
10 patients who received 8 weekly infusions of 375 mg/m2
of rituximab as monotherapy. The documented response
rate in this study was 90%, with a complete response rate
of 70% and a partial response rate of 20%.
The efficacy of intralesional rituximab administration
has been studied in published reports.2,4,64,68,71-73 These
reports collectively included 18 patients. Fifteen patients
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is another disease in which rituximab has been shown to
be efficacious, and further research on this subject matter
would be relevant as well.

Chronic Graft Versus
Host Disease
The efficacy of rituximab in the treatment of chronic
graft versus host (GVH) disease has been reported in
case series publications. Cutaneous findings of GVH
disease most often include lichenoid and sclerodermoid skin changes. In 2000, Ratanatharathorn et al78
documented the success of rituximab in the treatment
of thrombocytopenia secondary to GVH disease in
patients who were refractory to conventional immunosuppressive therapy. Interestingly, in addition to
the resolution of the thrombocytopenia, a concurrent
abatement of the cutaneous changes of GVH disease
was also observed.2,3,5,78-80 In 2003, Ratanatharathorn
et al79 published a study comprising 8 patients with
chronic GVH disease refractory to other modalities of
immunosuppressive therapy who were treated with
375-mg/m2 intravenous infusions of rituximab weekly
for 4 weeks. Half of the patients showed a successful
response, whereas the other half were categorized as
nonresponders. It is notable to mention that there was
a greater interval from the time of transplantation to
the institution of rituximab therapy in the 4 patients in
whom a response to rituximab did not occur. Given the
small number of publications on the use of rituximab
in GVH disease, the relationship between the timing
of treatment and patient response has not been fully
elucidated and would provide appropriate grounds for
further research.5
In 2006, Cutler et al80 published the largest case series
comprising 21 patients with corticosteroid-refractory
chronic GVH disease who were treated with rituximab.
The overall clinical response rate was 70%, and the data
revealed that cutaneous and musculoskeletal manifestations of GVH disease were most responsive to treatment
when compared to the mucous membrane and hepatic
manifestations of the disease. These patients were treated
with 1 to 3 cycles of 4 weekly intravenous infusions of
rituximab at doses of 375 mg/m2.
The full in vivo mechanism of action of rituximab in
the treatment of chronic GVH disease has not yet been
described. Given the reported success of rituximab in
GVH disease and based on the mechanism of action
being predicated on the activity of rituximab against
B-cell antigens, it is theorized that B cells do indeed play
a role in chronic GVH disease.78-80 Further clinical data
on the optimal use of rituximab in chronic GVH disease
and a more developed understanding of its immunologic
mechanism of action in the disease would be beneficial.

Conclusion
Although initially approved and used for the treatment
of low-grade or follicular non-Hodgkin lymphoma, rituximab has exhibited great efficacy and promise in the
treatment of dermatologic disorders that are autoimmune
or immune mediated in nature.4 Rituximab, in the realm
of dermatologic application, has failed to demonstrate
a serious side effect profile, with infusion reactions and
treatable infectious complications comprising the most
frequently encountered adverse effects. In most patients,
the drug was safe and tolerable, with few discontinuations secondary to the inability of patients to withstand
the adverse effects of the drug.5 As discussed individually
in the previous sections, clinical trials are certainly warranted to evaluate the efficacy, optimal dosing regimens,
and safety of rituximab in the treatment of multiple
dermatologic disease states. For instance, the use of
intralesional rituximab in cutaneous B-cell lymphomas is
of special significance to the dermatologist, especially if
clinical trials confirm the lack of systemic adverse effects
with a concurrently high success rate.5 As further clinical
data continues to emerge on the use of rituximab for dermatologic disorders, it is likely that the list of indications
for this promising modality of therapy will expand.

COS DERM
Do Not Copy
References

1. 	Reff ME, Carner K, Chambers KS, et al. Depletion of B cells in vivo
by a chimeric mouse human monoclonal antibody to CD20. Blood.
1994;83:435-445.
2. Carr DR, Heffernan MP. Off-label uses of rituximab in dermatology.
Dermatol Ther. 2007;20:277-287.
3. Graves JE, Nunley K, Heffernan MP. Off-label uses of biologics
in dermatology: rituximab, omalizumab, infliximab, etanercept,
adalimumab, efalizumab, and alefacept (part 2 of 2). J Am Acad
Dermatol. 2007;56:e55-e79.
4. Prajapati V, Mydlarski PR. Rituximab: a B-cell depletion therapy for
dermatologic disease. Skin Therapy Lett. 2007;12:6-9.
5. Fatourechi MM, el-Azhary RA, Gibson LE. Rituximab: applications
in dermatology. Int J Dermatol. 2006;45:1143-1155.
6. Grillo-López AJ. Rituximab: an insider’s historical perspective.
Semin Oncol. 2000;27(6 suppl 12):9-16.
7. Scheinfeld N. A review of rituximab in cutaneous medicine.
Dermatol Online J. 2006;12:3.
8. Maloney DG, Grillo-López AJ, White CA, et al. IDEC-C2B8
(Rituximab) anti-CD20 monoclonal antibody therapy in patients
with relapsed low-grade non-Hodgkin’s lymphoma. Blood.
1997;90:2188-2195.
9. Maloney DG, Liles TM, Czerwinski DK, et al. Phase I clinical
trial using escalating single-dose infusion of chimeric anti-CD20
monoclonal antibody (IDEC-C2B8) in patients with recurrent
B-cell lymphoma. Blood. 1994;84:2457-2466.
10. 	Johnson PW, Glennie MJ. Rituximab: mechanisms and applications. Br J Cancer. 2001;85:1619-1623.
11. Leandro MJ, Edwards JC, Cambridge G. Clinical outcome in
22 patients with rheumatoid arthritis treated with B lymphocyte
depletion. Ann Rheum Dis. 2002;61:883-888.
12. Gopal AK, Press OW. Clinical applications of anti-CD20 antibodies. J Lab Clin Med. 1999;134:445-450.
13. Rituxan [package insert]. South San Francisco, CA: Biogen Idec
Inc, and Genentech, Inc; September 2008. http://gene.com/gene
Vol. 22 No. 1 • January 2009 • Cosmetic Dermatology®

47

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

Rituximab
/products/information/pdf/rituxan-prescribing.pdf. Accessed
June 1, 2008.
14. Voog E, Morschhauser F, Solal-Céligny P. Neutropenia in patients
treated with rituximab. N Engl J Med. 2003;348:2691-2694.
15. Byrd JC, Waselenko JK, Maneatis TJ, et al. Rituximab therapy in
hematologic malignancy patients with circulating blood tumor
cells: association with increased infusion-related side effects and
rapid blood tumor clearance. J Clin Oncol. 1999;17:791-795.
16. Tsutsumi Y, Kanamori H, Mori A, et al. Reactivation of hepatitis B
virus with rituximab. Expert Opin Drug Saf. 2005;4:599-608.
17. Burton C, Kaczmarski R, Jan-Mohamed R. Interstitial pneumonitis
related to rituximab therapy. N Engl J Med. 2003;348:2690-2691.
18. Lowndes S, Darby A, Mead G, et al. Stevens-Johnson syndrome
after treatment with rituximab. Ann Oncol. 2002;13:1948-1950.
19. Clifford KS, Demierre MF. Progression of classic Kaposi’s sarcoma
with rituximab. J Am Acad Dermatol. 2005; 53:155-157.
20. Ahmed AR, Spigelman Z, Cavacini LA, et al. Treatment of pemphigus vulgaris with rituximab and intravenous immune globulin. N
Engl J Med. 2006;355:1772-1779.
21. Salopek TG, Logsetty S, Tredget EE. Anti-CD20 chimeric monoclonal antibody (rituximab) for the treatment of recalcitrant, lifethreatening pemphigus vulgaris with implications in the pathogenesis of the disorder. J Am Acad Dermatol. 2002;47:785-788.
22. Herrmann G, Hunzelmann N, Engert A. Treatment of pemphigus
vulgaris with anti-CD20 monoclonal antibody (rituximab). Br J
Dermatol. 2003;148:602-603.
23. Cooper HL, Healy E, Theaker JM, et al. Treatment of resistant
pemphigus vulgaris with an anti-CD20 monoclonal antibody
(Rituximab). Clin Exp Dermatol. 2003;28:366-368.
24. Virgolini L, Marzocchi V. Anti-CD20 monoclonal antibody (rituximab) in the treatment of autoimmune diseases. successful result
in refractory Pemphigus vulgaris: report of a case. Haematologica.
2003;88:ELT24.
25. España A, Fernández-Galar M, Lloret P, et al. Long-term complete
remission of severe pemphigus vulgaris with monoclonal antiCD20 antibody therapy and immunophenotype correlations. J Am
Acad Dermatol. 2004;50:974-976.
26. Morrison LH. Therapy of refractory pemphigus vulgaris with
monoclonal anti-CD20 antibody (rituximab). J Am Acad Dermatol.
2004;51:817-819.
27. Dupuy A, Viguier M, Bédane C, et al. Treatment of refractory pemphigus vulgaris with rituximab (anti-CD20 monoclonal antibody).
Arch Dermatol. 2004;140:91-96.
28. Heizmann M, Itin P, Wernli M, et al. Successful treatment of paraneoplastic pemphigus in follicular NHL with rituximab: report of a
case and review of treatment for paraneoplastic pemphigus in NHL
and CLL. Am J Hematol. 2001;66:142-144.
29. Borradori L, Lombardi T, Samson J, et al. Anti-CD20 monoclonal
antibody (rituximab) for refractory erosive stomatitis secondary to
CD20(1) follicular lymphoma-associated paraneoplastic pemphigus. Arch Dermatol. 2001;137:269-272.
30. 	Rossum MM, Verhaegen NT, Jonkman MF, et al. Follicular nonHodgkin’s lymphoma with refractory paraneoplastic pemphigus:
case report with review of novel treatment modalities. Leuk
Lymphoma. 2004;45:2327-2332.
31. Lugović L, Lipozenocić J, Jakić-Razumović J. Atopic dermatitis:
immunophenotyping of inflammatory cells in skin lesions. Int J
Dermatol. 2001;40:489-494.
32. Simon D, Hösli S, Kostylina G, et al. Anti-CD20 (rituximab) treatment
improves atopic eczema. J Allergy Clin Immunol. 2008;121:122-128.
33. Crichlow SM, Mortimer NJ, Harman KE. A successful therapeutic trial of rituximab in the treatment of a patient with recalcitrant, high-titre epidermolysis bullosa acquisita. Br J Dermatol.
2007;156:194-196.
34. Wallet-Faber N, Franck N, Batteux F, et al. Epidermolysis bullosa acquisita following bullous pemphigoid, successfully treated

35.

36.

37.

38.

39.

40.
41.

42.
43.

with the anti-CD20 monoclonal antibody rituximab. Dermatology.
2007;215:252-255.
Schmidt E, Benoit S, Bröcker EB, et al. Successful adjuvant
treatment of recalcitrant epidermolysis bullosa acquisita with
anti-CD20 antibody rituximab. Arch Dermatol. 2006;142:147-150.
Specks U, Fervenza FC, McDonald TJ, et al. Response of Wegener’s
granulomatosis to anti-CD20 chimeric monoclonal antibody
therapy. Arthritis Rheum. 2001;44:2836-2840.
Eriksson P. Nine patients with anti-neutrophil cytoplasmic
antibody-positive vasculitis successfully treated with rituximab. J
Intern Med. 2005;257:540-548.
Ferraro AJ, Day CJ, Drayson MT, et al. Effective therapeutic use
of rituximab in refractory Wegener’s granulomatosis. Nephrol Dial
Transplant. 2005;20:622-625.
Keogh KA, Wylam ME, Stone JH, et al. Induction of remission by
B lymphocyte depletion in eleven patients with refractory antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheum.
2005;52:262-268.
Sneller MC. Rituximab and Wegener’s granulomatosis: are B cells a
target in vasculitis treatment? Arthritis Rheum. 2005;52:1-5.
Smith KG, Jones RB, Burns SM, et al. Long-term comparison of
rituximab treatment for refractory systemic lupus erythematosus
and vasculitis: remission, relapse, and re-treatment. Arthritis
Rheum. 2006;54:2970-2982.
Chung L, Funke AA, Chakravarty EF, et al. Successful use of rituximab
for cutaneous vasculitis. Arch Dermatol. 2006;142:1407-1410.
Wong CF. Rituximab in refractory antineutrophil cytoplasmic
antibody-associated vasculitis: what is the current evidence?
Nephrol Dial Transplant. 2007;22:32-36.
Kaushik VV, Reddy HV, Bucknall RC. Successful use of rituximab
in a patient with recalcitrant Churg-Strauss syndrome. Ann Rheum
Dis. 2006;65:1116-1117.
Koukoulaki M, Smith KG, Jayne DR. Rituximab in Churg-Strauss
syndrome. Ann Rheum Dis. 2006;65:557-559.
Bhatia A, Ell PJ, Edwards JC. Anti-CD20 monoclonal antibody
(rituximab) as an adjunct in the treatment of giant cell arteritis.
Ann Rheum Dis. 2005;64:1099-1100.
Zaja F, Russo D, Fuga G, et al. Rituximab for the treatment of
type II mixed cryoglobulinemia. Haematologica. 1999;84:1157-1158.
Ghijsels E, Lerut E, Vanrenterghem Y, et al. Anti-CD20 monoclonal
antibody (rituximab) treatment of hepatitis C-negative therapyresistant essential mixed cryoglobulinemia with renal and cardiac
failure. Am J Kidney Dis. 2004;43:e34-e38.
Roccatello D, Baldovino S, Rossi D, et al. Long-term effects of
anti-CD20 monoclonal antibody treatment of cryoglobulinaemic
glomerulonephritis. Nephrol Dial Transplant. 2004;19:3054-3061.
Basse G, Ribes D, Kamar N, et al. Rituximab therapy for mixed
cryoglobulinemia in seven renal transplant patients. Transplant
Proc. 2006;38:2308-2310.
Zaja F, De Vita S, Mazzaro C, et al. Efficacy and safety of rituximab
in type II mixed cryoglobulinemia. Blood. 2003;101:3827-3834.
De Vita S, Quartuccio L, Fabris M. Rituximab in mixed cryoglobulinemia: increased experience and perspectives. Dig Liver Dis.
2007;39(suppl 1):S122-S128.
Heinzerling LM, Urbanek M, Funk JO, et al. Reduction of tumor
burden and stabilization of disease by systemic therapy with antiCD20 antibody (rituximab) in patients with primary cutaneous
B-cell lymphoma. Cancer. 2000;89:1835-1844.
Sabroe RA, Child FJ, Woolford AJ, et al. Rituximab in cutaneous B-cell
lymphoma: a report of two cases. Br J Dermatol. 2000;143:157-161.
Ferrer A, López-Guillermo A, Montoto S, et al. Successful treatment of isolated cutaneous relapse of follicular lymphoma with
rituximab. Ann Hematol. 2001;80:479-481.
Aboulafia DM. Primary cutaneous large B-cell lymphoma of the
legs: a distinct clinical pathologic entity treated with CD20 monoclonal antibody (rituximab). Am J Clin Oncol. 2001;24:237-240.

COS DERM
Do Not Copy
44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.
55.

56.

48 Cosmetic Dermatology® • January 2009 • Vol. 22 No. 1
Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

Rituximab
57. Bonnekoh B, Schulz M, Franke I, et al. Complete remission of a
primary cutaneous B-cell lymphoma of the lower leg by first-line
monotherapy with the CD20-antibody rituximab. J Cancer Res Clin
Oncol. 2002;128:161-166.
58. Garbea A, Dippel E, Hildenbrand R, et al. Cutaneous large B-cell
lymphoma of the leg masquerading as a chronic venous ulcer. Br J
Dermatol. 2002;146:144-147.
59. Massengale WT, McBurney E, Gurtler J. CD20-negative relapse of
cutaneous B-cell lymphoma after anti-CD20 monoclonal antibody
therapy. J Am Acad Dermatol. 2002;46:441-443.
60. Viguier M, Bachelez H, Brice P, et al. [Cutaneous B-cell lymphoma
treatment with rituximab: two cases]. Ann Dermatol Venereol.
2002;129(10 pt 1):1152-1155.
61. Imai Y, Isoda K, Ito E, et al. Primary cutaneous follicle center
cell lymphoma of the scalp successfully treated with anti CD20
monoclonal antibody and CHOP combination therapy with no
subsequent permanent loss of hair. J Dermatol. 2003;30:683-688.
62. Fierro MT, Savoia P, Quaglino P, et al. Systemic therapy with cyclophosphamide and anti-CD20 antibody (rituximab) in relapsed
primary cutaneous B-cell lymphoma: a report of 7 cases. J Am Acad
Dermatol. 2003;49:281-287.
63. Brogan BL, Zic JA, Kinney MC, et al. Large B-cell lymphoma of
the leg: clinical and pathologic characteristics in a North American
series. J Am Acad Dermatol. 2003;49:223-228.
64. 	Lami MC, Vabres P, Dreyfus B, et al. Primary cutaneous B-cell lymphoma mimicking pyoderma gangrenosum: first-line treatment
with rituximab. Br J Dermatol. 2004;151:250-252.
65. Fink-Puches R, Wolf IH, Zalaudek I, et al. Treatment of primary
cutaneous B-cell lymphoma with rituximab. J Am Acad Dermatol.
2005;52:847-853.
66. 	Rawal YB, Nuovo GJ, Frambach GE, et al. The absence of CD20
messenger RNA in recurrent cutaneous B-cell lymphoma following
rituximab therapy. J Cutan Pathol. 2005;32:616-621.
67. Gellrich S, Muche JM, Wilks A, et al. Systemic eight-cycle antiCD20 monoclonal antibody (rituximab) therapy in primary
cutaneous B-cell lymphomas—an applicational observation. Br J
Dermatol. 2005;153:167-173.
68. 	Nagasaka A, Matsue H, Kawamura T, et al. Complete remission
of primary cutaneous follicule-center cell lymphoma (EORTC

criteria)/diffuse large B-cell lymphoma (WHO criteria) by a
single first-line therapy with rituximab. J Dermatol. 2006;33:
377-379.
69. Kerl K, Prins C, Saurat JH, et al. Intralesional and intravenous
treatment of cutaneous B-cell lymphomas with the monoclonal
anti-CD20 antibody rituximab: report and follow-up of eight cases.
Br J Dermatol. 2006;155:1197-1200.
70. Gitelson E, Al-Saleem T, Millenson M, et al. Cutaneous B-cell lymphoma responds to rituximab: a report of five cases and a review
of the literature. Leuk Lymphoma. 2006;47:1902-1907.
71. Heinzerling L, Dummer R, Kempf W, et al. Intralesional therapy
with anti-CD20 monoclonal antibody rituximab in primary cutaneous B-cell lymphoma. Arch Dermatol. 2000;136:374-378.
72. Paul T, Radny P, Kröber SM, et al. Intralesional rituximab for cutaneous B-cell lymphoma. Br J Dermatol. 2001;144:1239-1243.
73. Roguedas AM, Watier H, Paintaud G, et al. Intralesional therapy
with anti-CD20 monoclonal antibody rituximab: local and systemic efficacy in primary cutaneous B-cell lymphoma. Br J
Dermatol. 2005;152:541-544.
74. 	Levine TD. Rituximab in the treatment of dermatomyositis: an
open-label pilot study. Arthritis Rheum. 2005;52:601-607.
75. Chiappetta N, Steier J, Gruber B. Rituximab in the treatment of
refractory dermatomyositis. J Clin Rheumatol. 2005;11:264-266.
76. Noss EH, Hausner-Sypek DL, Weinblatt ME. Rituximab as therapy
for refractory polymyositis and dermatomyositis. J Rheumatol.
2006;33:1021-1026.
77. Dinh HV, McCormack C, Hall S, et al. Rituximab for the treatment
of skin manifestations of dermatomyositis: a report of 3 cases. J Am
Acad Dermatol. 2007;56:148-153.
78. Ratanatharathorn V, Carson E, Reynolds C, et al. Anti-CD20
chimeric monoclonal antibody treatment of refractory immunemediated thrombocytopenia in a patient with chronic graft-versushost disease. Ann Intern Med. 2000;133:275-279.
79. Ratanatharathorn V, Ayash L, Reynolds C, et al. Treatment of
chronic graft-versus-host disease with anti-CD20 chimeric monoclonal antibody. Biol Blood Marrow Transplant. 2003;9:505-511.
80. Cutler C, Miklos D, Kim HT, et al. Rituximab for steroidrefractory chronic graft-versus-host disease. Blood. 2006;108:
n
756-762.	

COS DERM
Do Not Copy

Vol. 22 No. 1 • January 2009 • Cosmetic Dermatology®

49

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

