
Both Etanercept and Infliximab Can Elevate Tumor Necrosis
Factor (TNF)-α and Be the Cause of Treatment Related New
Onset Disease: the Need to Measure Circulating TNF-α

To the Editor:

We read with interest the documentation by Song, et al of new onset
Crohn’s disease (CD) in a patient after treatment of ankylosing spondylitis
with etanercept1. Their report is the latest addition to a long list of tumor
necrosis factor (TNF)-α mediated disease, generated or worsened by anti-
TNF-α treatment with etanercept or infliximab. We do not contest the sever-
al dozen carefully thought out and well documented risk-benefit assessments
published over the last 10 years that show clear benefit from both agents for
their respective indications. We simply add here 2 reminders: (1) Both etan-
ercept and infliximab have numerous reports of increased circulating, solu-
ble TNF (sTNF) after their use; and (2) We advocate continuous monitoring
of sTNF levels using commercial testing laboratories during treatment with
any drug or agent used with intent to influence TNF activity.

Regarding (1): Since a mechanistic explanation2 for previously noted
etanercept-mediated increased sTNF in myeloma patients was published in
2005, and since cases of increased sTNF after etanercept in general was
reviewed in The Journal last year3 (although this review was partially con-
tested by others, see “authors’ reply” after3), several further reports of
increased sTNF after both etanercept and infliximab have appeared. Of
particular interest is the recent report of increased outer cell membrane
(transmembrane) TNF, tmTNF, in bone of patients receiving infliximab for
rheumatoid arthritis4 associated with salutary new bone formation.
Dramatically increased circulating TNF was seen in renal cell carcinoma
patients treated with infliximab5. This means that both increased sTNF and
tmTNF can be seen after treatment with either TNF binding proteins, etan-
ercept or infliximab. We therefore cannot say whether a given new onset
disease after either etanercept or infliximab, of which there are over a
dozen reports now, is due to an increase or decrease in sTNF, or in tmTNF,
or in both, or in neither, or simply a shift in relative weighting between the
2 forms of TNF mediated signaling.

Regarding (2): Since new onset TNF-mediated disease is not common,
but neither is it rare in etanercept or infliximab treated patients, we advo-

cate at least monitoring sTNF during treatment with either of these6,7. Note
that sTNF as determined currently by ELISA based techniques detects both
biologically active as well as potentially physiologically inactive TNF (s or
tm) bound to etanercept or infliximab8. The stoichiometry of TNF to either
of these is clear8 but the biologic, signaling activity consequences of that
binding are not. sTNF and tmTNF have differing signaling propensities at
their 2 cognate receptors, TNFR1 and TNFR22,3,6.

At a minimum, total sTNF should be measured whenever biologic
agents like etanercept or infliximab are used.

RICHARD E. KAST, MD, Department of Psychiatry, University of Vermont,
2 Church Street, Burlington, VT 05401; E-mail: hast887@hotmail.com;
ERIC L. ALTSCHULER, MD, Brain and Perception Laboratory,
University of California at San Diego, La Jolla, CA 92093-0109, USA.
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Drs. Rudwaleit and Song reply

To the Editor:

The interesting comments by Kast and Altschuler further illustrate the
complexity of the mechanisms underlying immune mediated injuries that
have been observed in patients treated with anti-TNF agents and can affect
a variety of organs1. As discussed in our case series2 of 4 patients (3
patients described in detail in the manuscript and a fourth patient added in
proof) with ankylosing spondylitis who developed new onset of Crohn’s
disease during etanercept therapy, we are currently far away from under-
standing the molecular pathways behind these unusual manifestations.
Whether or not an increase of soluble TNF played a causative role in our
cases cannot be decided, since soluble TNF was not measured in our case
series. The serial measurement of CD4 and CD8 T cell production of the
cytokines interferon-γ and TNF-α in one of our patients, however, did not
provide conclusive information towards the underlying mechanism.

We agree with Kast and Altschuler that an increase of soluble serum
TNF during anti-TNF therapy that may precipitate immune mediated
injuries later on is an interesting hypothesis. However, this hypothesis is
unproven at this stage since to our knowledge no systematic investigations
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on this issue are available in patients with rheumatic diseases such as anky-
losing spondylitis or rheumatoid arthritis. Large prospective registries of
patients treated with anti-TNF agents, for example, would be needed to
answer this research question.

Given the available information, we would not advocate routine meas-
urement of soluble TNF in patients treated with anti-TNF agents in daily
practice for the following reasons:
(1) Systematic studies demonstrating a temporal relationship between sol-
uble TNF levels and the occurrence of immune mediated injuries are lack-
ing in rheumatic diseases. (2) We have serious concerns about measuring
soluble TNF-α serially (!) in too many patients too often (at what time
intervals?) in order to detect one patient with an immune mediated injury
(high number needed to test). This issue calls into question the cost effec-
tiveness of such screening; although immune mediate injuries have been
reported in a number of case reports by now, they still represent rather rare
events among the 1 million patients treated with anti-TNF agents world-
wide. The incidence of lupus-like syndromes and (cutaneous) vasculitis has
been estimated to be 0.1–0.39% and 3.9%, respectively1,3,4, whereas there
are no estimates on the incidence of interstitial lung disease and inflamma-
tory bowel disease, which appear to be even more rare1,2,5. (3)
Uncertainties about the consequences of detecting elevated soluble TNF-α.
Should treatment with anti-TNF be stopped although the patient tolerates
the drug very well and is doing fine regarding the rheumatic disease? For
many patients, anti-TNF agents are very important drugs — sometimes the
only class of drugs — to control the rheumatic disease. What would be a
clinically relevant elevation of soluble TNF-α in serum? Two-fold above
normal or 10-fold? Is there a need to have elevated soluble TNF on more
than one occasion before taking steps?

Measurement of soluble TNF-α in patients taking anti-TNF agents
might be an interesting research question. Currently, the many unanswered
questions preclude recommendations on routine measurement of soluble
TNF in daily practice.

MARTIN RUDWALEIT, MD; IN-HO SONG, MD, Department of
Rheumatology, Charité Medical University, Hindenburgdamm 30, Berlin
12200, Germany.
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Hodgkin’s Lymphoma and Tumor Necrosis Factor Inhibitors
in Juvenile Idiopathic Arthritis

To the Editor:

Tumor necrosis factor (TNF)-blocking agents are widely used currently in
treatment of juvenile idiopathic arthritis (JIA)1, but there may be as-yet
unknown longterm toxicities. There is controversy regarding the increased
risk of lymphoma with anti-TNF agents in adults with rheumatoid arthritis
(RA), but according to a recent metaanalysis based on 9 randomized con-
trolled clinical trials, there were higher rates of malignancies in patients
treated with TNF inhibitors (0.8%) compared to placebo or active controls
(0.2%)2. Additionally, there have been 8 cases reported of hepatosplenic T
cell lymphoma occurring in patients with pediatric Crohn’s disease treated
with infliximab3, of only 100 patients reported with this lymphoma world-
wide.

Although there have been a few case reports of children with JIA devel-
oping Hodgkin’s lymphoma and other malignancies while taking
methotrexate (MTX)4-8, malignancies have not been reported in associa-
tion with anti-TNF use to date. To our knowledge, our case reports are the
first describing Hodgkin’s lymphoma associated with the use of a TNF
antagonist for JIA.

Case 1. An 11-month-old boy of Portuguese descent was diagnosed with
antinuclear antibody-positive, rheumatoid factor (RF)-negative extended
oligoarthritis and uveitis. Although the arthritis responded well to MTX,
the uveitis was inadequately controlled with topical steroids (used for 5
yrs), MTX (4 yrs), cyclosporine (6 mo), mycophenolate mofetil (7 mo),
and etanercept (1 yr). He was then treated with infliximab infusions at
doses ranging from 5 to 10 mg/kg/dose (average dosing interval was 6 wks;
the uveitis flared when the interval was increased to 8 wks) over a 3.5-year
period, with complete control of his uveitis and arthritis. At age 9 years (3.5
yrs after initiation of infliximab), he developed abdominal pain, lost 20
pounds, and erythrocyte sedimentation rate became elevated. In September
2006 an enlarged right axillary node was discovered. He had no fevers or
night sweats, but had intermittent chest pain and cough. An excisional
biopsy revealed classical Hodgkin’s lymphoma, nodular sclerosis subtype,
stage IV B. He was prescribed high intensity chemotherapy followed by
radiation therapy, which he has completed with an excellent radiographic
response. During the last cycle of chemotherapy, his uveitis flared but was
controlled with topical therapy, and it has flared on and off since that time,
when topical treatment was discontinued. Currently he is 8 months post-
chemotherapy and 5 months post-radiation therapy, and the arthritis has
now begun to flare along with the uveitis.

Case 2. An 11-year-old Caucasian girl presented with RF-positive poly-
arthritis of the shoulders, wrists, knees, and ankles and multiple metacar-
pophalangeal (MCP) and proximal interphalangeal (PIP) joints. She was
treated initially with weekly oral MTX as well as a nonsteroidal antiin-
flammatory agent, but she had only a partial response. Etanercept was
added 6 months after diagnosis at a dose of 0.4 mg/kg by subcutaneous
injections twice weekly. She did well taking the combination of MTX and
etanercept and went into clinical remission within 4 months after initiation
of etanercept. At age 15 years 11 months, her pediatrician noted a 3 cm left
anterior cervical node. At that time, she had been taking MTX for 4.25
years and etanercept almost 4 years. She had no associated fevers,
organomegaly, or rashes. Because of the persistence of the node, an exci-
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sional biopsy was performed that revealed stage II classical Hodgkin’s
lymphoma. She was examined 4 months after finishing chemotherapy and
was found to have no active arthritis. However, she returned to clinic 8
months post-chemotherapy and was found to have active polyarthritis in
the wrist and several MCP, PIP, and metatarsophalangeal joints.

Anti-TNF agents have been used in the treatment of adult RA for more
than 10 years. There has been concern about possible increased risk of lym-
phoproliferative diseases with all 3 anti-TNF agents. Despite data from
studies of adult RA patients indicating a possible association between anti-
TNF use and lymphomas, a cause and effect relationship remains contro-
versial. Disease duration, disease severity, chronic inflammation, and pre-
vious immunosuppressive therapy have all been suggested as possible con-
founding factors. Etanercept has been studied and approved for use in JIA,
and one study suggests its longterm safety9. Etanercept and other anti-TNF
agents are currently commonly used to treat JIA that is refractory to MTX.

These are the first reports of the occurrence of Hodgkin’s lymphoma in
patients with JIA who were treated with anti-TNF agents. Although the
development of Hodgkin’s lymphoma in these 2 patients may be unrelated
to medication use, these cases and the cases of hepatosplenic T cell lym-
phoma reported in pediatric Crohn’s disease raise the possibility that the
use of anti-TNF agents could increase the risk of lymphoma in pediatric
patients. Since the longterm risks in children are not fully known, it is
important to establish a mechanism of reporting adverse events and careful
longterm surveillance of all pediatric patients treated with these and other
biologic agents.

CAGRI YILDIRIM-TORUNER, MD, Department of Pediatrics,
UMDNJ–New Jersey Medical School; YUKIKO KIMURA, MD, Chief,
Pediatric Rheumatology, Joseph M. Sanzari Children’s Hospital,
Hackensack University Medical Center, Hackensack, New Jersey;
C. EGLA RABINOVICH, MD, Co-Chief, Pediatric Rheumatology, Duke
University Medical Center, Durham, North Carolina, USA. Address
reprint requests to Dr. Y. Kimura, Joseph M. Sanzari Children’s Hospital,
Hackensack University Medical Center, 30 Prospect Avenue, Hackensack,
NJ 07601; e-mail: YKimura@humed.com

Note added in proof
Case 3. After this case report was submitted, a third case of lymphoma
occurred in another of our patients: a 10-year-old Caucasian girl who pre-
sented at 19 months of age with systemic JIA. She initially presented with
typical systemic rash, daily fevers, and polyarthritis, and was ANA- and
RF-negative. Her systemic features responded to ibuprofen, cortico-
steroids, and MTX, but her arthritis was resistant and progressive. She was
treated with etanercept starting at age 2 years for 1 year, with only a partial
response. She was subsequently treated with infliximab (3 mg/kg) at age 3,
but it was discontinued after she developed an anaphylactic reaction after 3
doses. Multiple other therapeutic interventions, including leflunomide (for
18 mo), anakinra (1 mo), intravenous cyclophosphamide therapy (5 month-
ly doses), thalidomide (7 mo), and rituximab (2 doses), proved only par-
tially effective. She continued to have progressive joint destruction and
required a wheelchair except for short distances. She was clinically stable
receiving MTX (taken for 3.7 yrs at 0.8 mg/kg), adalimumab (2.4 yrs at 1
mg/kg weekly), low-dose daily prednisone, naproxen, and methadone,
when an enlarged cervical lymph node was discovered. Through biopsy
and staging, she was found to have Hodgkin’s lymphoma stage IIA. She
began receiving standard ABDV therapy and is currently in her third cycle
of chemotherapy.

This third case is similar to Case 1, in that this patient was also receiv-
ing multiple immunosuppressive therapies for over 7 years. A fourth
patient with JIA who developed lymphoma is described in a separate letter
in this issue of The Journal10. These additional cases emphasize the impor-
tance of having a large registry of all patients with JIA, in order to estab-
lish the actual incidence of malignancies in JIA, and to understand the
impact of biologic therapies on this incidence.
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Hodgkin’s Lymphoma Associated with Anti-Tumor Necrosis
Factor Use in Juvenile Idiopathic Arthritis: Supplemental
Case Report

To the Editor:

We describe an additional patient with juvenile idiopathic arthritis (JIA)
who developed a malignancy to augment the case series in the current
issue of The Journal1. Our patient was diagnosed with polyarticular JIA
at the age of 14 years (rheumatoid factor, antinuclear antibodies, and
HLA-B27 negative). She was treated with nonsteroidal antiinflammatory
drugs and methotrexate (MTX), eventually at a dose of 25 mg/week,
given subcutaneously. Her arthritis improved, but radiographs showed
new erosions at the metacarpophalangeal joints; she had difficulty toler-
ating MTX because of nausea, and at 17 years 3 months of age, etaner-
cept was started at 25 mg BIW. The patient’s arthritis improved. MTX
was continued at doses of between 7.5 to 15 mg/kg/week in addition to
the etanercept, which was changed to 50 mg per week. At 18 years, her
arthritis became active again, and it was discovered that although she was
compliant with etanercept, she was only partially compliant with the
MTX therapy. She also admitted to using multiple homeopathic and other
nontraditional therapies. In 2007, at the age of 21 years 10 months (after
3.5 yrs of etanercept and 6 yrs of intermittent MTX therapy), the patient
developed a large firm supraclavicular lymph node. After an appropriate
evaluation she was diagnosed with Stage IIA Hodgkin’s lymphoma.
During the course of her evaluation, an asymptomatic ovarian cyst was
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diagnosed as a papillary ovarian tumor of low malignant potential asso-
ciated with ovarian stroma. We have been unable to find any association
with this tumor and arthritis or Hodgkin’s lymphoma. At this time, 4
months after completing chemotherapy, our patient’s arthritis and malig-
nancy are in remission.

This 21-year-old patient with 7 years of polyarticular JIA, 6 years of
MTX therapy, and 3.5 years of etanercept therapy was diagnosed with
stage II Hodgkins lymphoma and a second pre-malignant ovarian lesion.
As stated in the case series, because we do not have reliable epidemiolog-
ical data about arthritis in children, it is not possible to discern whether
these cases of lymphoma represent a significant increase in incidence. In
addition, we cannot determine the roles that arthritis therapy and poorly
controlled inflammation play in triggering malignancy in these children.
The second pre-malignant ovarian lesion was unexpected and is of unclear
significance. We look forward to further epidemiologic studies to clarify
the prevalence of malignancy in JIA and to investigate all possible
etiologies.

LISA IMUNDO, MD, Director of Pediatric Rheumatology, Columbia
University Medical Center, Pediatrics, 3959 Broadway, Suite 106N, New
York, NewYork 10032, USA. E-mail: lfi1@columbia.edu
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Imatinib Treatment of Seropositive Arthritis in a Young
Woman with Chronic Myeloid Leukemia

To the Editor:

A 31-year-old woman was referred to our rheumatology department in
February 2002 for tender ulnar styloids and decreased range of motion in
her wrists. During the previous 3 years she had intermittent swelling of her
second right proximal interphalangeal joint (PIP) and metacarpophalangeal
(MCP) joints, with early morning stiffness treated with nonsteroidal anti-
inflammatory drugs. Radiographs of hands and wrists were normal. Her
rheumatoid factor (RF) was positive at 70 IU/ml (normal 0–14 IU/ml), ery-
throcyte sedimentation rate was 10 mm/h, antinuclear antibodies and
extractable nuclear antigen were negative and serum complement levels
were normal. The patient received depomedrone 120 mg/IM with little ben-
efit.

In May 2002 early morning stiffness (EMS) became significant and
clinical synovitis was noted in both 3rd PIP and wrists. The patient began
taking hydroxychloroquine 200 mg/bid and sulfasalazine 1 g bid, the latter
discontinued 2 months later for a rash. By October 2002 she improved
70%, but in April 2003 her symptoms flared and hand radiographs showed
reduction of joint spaces, with minor erosions of the carpus and radiocarpal
joints bilaterally. Her Disease Activity Score (DAS)28 was 2.87. She began
taking oral methotrexate (MTX) 7.5 weekly, increased to 12.5 mg/week.
There was a sustained improvement until July 2005 when the patient devel-
oped bilateral swelling of the 3rd MCP with a DAS28 of 4.1: increasing
MTX to 17.5 mg/week led to clinical improvement.

In October 2005, neutrophilia with myelocytes, basophilia, and throm-
bocytosis were detected on a blood film. A bone marrow aspirate and cyto-
genetic studies confirmed the diagnosis of chronic myeloid leukemia
(CML) with the typical Philadelphia chromosome and BCR-ABL
rearrangement present in 79% of cells. MTX was stopped and imatinib
started at 200 mg/day orally for 4 days, then increased to 400 mg/day. In
January 2006 imatinib induced a hematological response, but her arthritis
had remained active with a DAS28 of 3.2 since cessation of MTX. In May
2006 imatinib achieved a cytogenetic response (BCR-ABL/ABL ratio by

quantitative polymerase chain reaction 1.183) as well as an improvement in
her arthritis that completely remitted in October 2006. At 17 months’ fol-
lowup, in March 2008, her arthritis is in remission with a DAS28 of 0.49
and no evidence of progressive disease on radiographs. Her RF had gone
down to 27 IU/ml, but anti-cyclic citrullinated peptide was raised at 340
U/ml (NR < 7 U/ml). Her latest BCR-ABL/ABL ratio was 0.062.

The annual incidence of rheumatoid arthritis (RA) in the population of
Northern Europe1 ranges between 0.02–0.05% and that of CML in UK is
around 1.09/100,0002. This makes the coexistence of the 2 conditions rare.
Apart from our patient, an elderly man developed CML 5 years after the
diagnosis of RA; he improved after treatment with imatinib alongside
inflammatory markers3. In recognition of its immunomodulatory potential,
imatinib was specifically given to 3 patients with refractory RA who
responded to treatment4.

Imatinib mesylate is an inhibitor of several tyrosine kinases that has
dramatically changed the prognosis of patients with CML5. It is essential-
ly a “designer drug” that specifically blocks the abnormal tyrosine kinase
receptor created by the BCR-ABL rearrangement, pathognomonic of
CML. It is given orally and is well tolerated, the main side effect being
fluid retention. As well as its effect on CML, imatinib has shown efficacy
in preventing and treating the arthritis induced by type II collagen in mice6,
probably by modulating cytokine production by T cells7 and by inhibiting
signal transduction pathways in T and B lymphocytes8, mast cells, and
fibroblasts involved in the pathogenesis of joint destruction in RA9. These
effects may account for the beneficial clinical effect of imatinib in the few
patients with RA reported so far. Imatinib therefore may represent an addi-
tional therapeutic option for patients with RA.

PAUL R.J. AMES, MD, MSc; WIN WIN AYE, MRCP; CYNTHIA BEATTY,
FRCP, FRCPath, Department of Haematology; DAVID O’REILLY, FRCP,
Department of Rheumatology, West Suffolk Hospital, Bury St Edmunds,
IP33 2QZ, UK. Address reprint requests to Dr. Ames.
E-mail: paxmes@aol.com
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Severe Nontuberculous Mycobacterial Infection in 2 Patients
Receiving Rituximab for Refractory Myositis

To the Editor:

We describe 2 patients with inflammatory myopathies who developed
severe nontuberculous mycobacterium (NTM) infections while undergoing
treatment with rituximab.

Case 1. In 1998, a 55-year-old man presented with proximal weakness,
heliotrope rash, nailbed vasculitis, and a diffuse erythematous macu-
lopapular rash covering the back, buttocks, and legs. A skin biopsy was
consistent with dermatomyositis. A comprehensive malignancy evaluation
was negative. He initially improved with prednisone 1 mg/kg before later
adding methotrexate (MTX) as a steroid-sparing agent. In 2003, relapses of
weakness, weight loss, and refractory skin disease required the addition of
hydroxychloroquine, fluctuating doses of prednisone, and MTX 20-25 mg
per week. Subsequent intravenous (IV) immunoglobulin therapy resulted
in a good clinical response but was discontinued after 9 months when he
experienced 2 transient ischemic attacks. Four months later, the diffuse
pruritic maculopapular rash returned and MTX was replaced with
mycophenolate mofetil (MMF) with minimal benefit. Cancer screening,
including chest computerized tomography (CT), was repeated in 2005 and
was again unremarkable.

In April of 2006, while taking MMF 1000 mg twice daily and pred-
nisone 7.5 mg daily, he presented with increasing fatigue, myalgia, lower
extremity edema, persistent diffuse pruritic rash, and dyspnea. A plain radi-
ograph (Figure 1) and CT of the chest revealed new moderate-sized bilat-
eral pleural effusions without evidence of involvement of the lung
parenchyma. A transthoracic echocardiogram was unremarkable. Pleural
fluid studies were consistent with an exudative effusion [lactate dehydro-
genase 1726 U/l (serum 246), protein 4.47 g/dl (serum 6.7), white blood
cells 2,000 per mm3 with 26% lymphocytes, 69% macrophages, and 5%
monocytes, and red blood cells 6050 per mm3]. Bacterial cultures, acid fast
bacilli (AFB) staining, and cytology studies of the pleural fluid as well as
fungal and AFB blood cultures were negative. Two weekly infusions of rit-
uximab at a dose of 375 mg/m2 were given. Further rituximab doses were
suspended, however, after pleural fluid cultures grew Mycobacterium
avium several weeks later. After consultation with infectious disease spe-
cialists from multiple institutions, the decision was made to follow the effu-
sions closely without M. avium directed treatment.

The patient’s skin disease responded well to therapy, and he received a

repeat course of 2 rituximab infusions in June 2006. Four months later,
however, while taking 20 mg of prednisone daily and no other immuno-
suppressive agents, he returned with weight loss of greater than 25% of
body weight, increasing diffuse rash, and dyspnea, but no cough. Repeat
CT scans of the chest, abdomen, and pelvis identified significant pleural
effusions with pleural enhancement (Figure 2) and bibasilar compression
atelectasis. Consistent with prior chest CT scans, there was no evidence of
lung parenchymal abnormalities or pericardial effusion. Pleural fluid was
obtained and M. avium was isolated on culture, while AFB blood cultures
were negative. No susceptibility testing was performed. After M. avium
was again isolated from pleural fluid as well as the development of recur-
rent pleural effusions and cachexia, the patient began therapy with etham-
butol 1200 mg daily, azithromycin 250 mg daily, and rifampin 600 mg
daily in April 2007. In the context of continued weight loss, moxifloxacin
400 mg daily was added in June, and amikacin 20 mg/kg IV thrice weekly
was started in July. Despite 5 months of an aggressive 5 drug regimen, he
continued to experience weight loss, dyspnea, and recurrent pleural effu-
sions and eventually declined pleural decortication, artificial nutritional
support, and further antimycobacterial therapy.

Case 2. A 34-year-old woman presented in 1997 with proximal muscle
weakness and elevated creatinine phosphokinase (CPK) at 14,000 U/l.
Electromyography and muscle biopsy were consistent with an inflammato-
ry myopathy. She was initially treated with prednisone 60 mg/day, and aza-
thioprine was added while the steroids were tapered to 5 mg/day. She did
well with this regimen for 4 years; however, due to recurrent disease, MTX
was added. Over the next 5 years she was treated with a combination of
MTX (up to 35 mg/week), azathioprine 100-150 mg/day, and prednisone
10 mg/day. In 2006, she again experienced proximal muscle weakness and
increased CPK to 3100 U/l. She was treated with 2 doses of rituximab 1000
mg administered 2 weeks apart. At that time, azathioprine was discontin-
ued, and she continued taking MTX 25 mg/week IM and prednisone 7.5
mg/day, with normalization of her CPK over the next several months.

About 4 months after receiving rituximab, she developed erythema and
pain in her left thigh with progressive difficulty ambulating. On examina-
tion, the affected anterolateral thigh was exquisitely tender to palpation,
indurated, and erythematous. Magnetic resonance imaging of the proximal
lower extremities revealed abnormal enhancement bilaterally consistent
with myositis as well as enhancement within the left thigh indicative of
fasciitis. She started receiving broad spectrum IV antibiotics, but the pain
and induration progressed. Ultrasound of the painful thigh revealed a small
fluid collection, and she underwent surgical debridement of grossly puru-
lent material. Histologic examination demonstrated acute inflammation
within the fibroadipose tissue extending to skeletal muscle. Rare bacterial
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Figure 2. Contrast enhanced chest CT showing bilateral pleural effusions
with extensive pleural enhancement (black arrows) and passive atelectasis
(white block arrows).

Figure 1. PA view of the chest showing bilateral pleural effusions with
adjacent atelectasis.
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forms were observed on gram stain; however, special stains (including
AFB) as well as bacterial and mycobacterial cultures were negative. MTX
was discontinued and her prednisone dose was decreased to 5 mg/day. She
was treated with a 2 week course of IV vancomycin and oral levofloxacin
with resolution of the local inflammation.

Unfortunately, her polymyositis flared 2 months later and her pred-
nisone dose was increased to 10 mg/day with re-initiation of MTX 20
mg/wk. The CPK continued to rise to a peak of 1100 U/l and was accom-
panied by diffuse proximal muscle weakness, low-grade fever, and bilater-
al thigh discomfort. She was treated with another 2 doses of rituximab 750
mg for progressive polymyositis. Soon after the second dose, she devel-
oped hectic fevers to 39°C with emergence of diffuse subcutaneous nodules
involving both her upper and lower extremities, which were tender and
mobile but without overlying erythema or warmth. Due to concern for pan-
niculitis, prednisone was transiently increased to 50 mg/day with initial
improvement of her symptoms. Within a few days, however, she developed
multiple subcutaneous nodules on her back, abdomen, and inguinal area as
well as progression in size of the nodules on her extremities (Figures 3-5).
Biopsy of a left forearm nodule demonstrated acute inflammation with
extensive leukocytic infiltration and hemorrhagic necrosis consistent with
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Figure 3. Scattered tender nodules covering the back at the time of the
diagnosis of disseminated M. kansasii infection.

Figure 4. Profile of 2 forearm nodules.

Figure 5. Elbow nodule. Figure 6. Deep skin biopsy showing a necrotic center with a predominance
of neutrophils.

Figure 7. Skin biopsy revealing extensive acid fast bacilli.
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abscess formation involving the fascia, adipose tissue, and skeletal muscle.
AFB stains revealed abundant acid-fast intracellular organisms (Figures 6
and 7).

She was treated with multiple antibiotics (rifampin, isoniazid, pyrazi-
namide, ethambutol, clarithromycin, imipenem, and amikacin) for empiric
coverage of M. tuberculosis as well as NTM. Her immunosuppressive reg-
imen was discontinued with the exception of low-dose prednisone. Her
antimycobacterial regimen was modified after the growth of M. kansasii
from both tissue and blood cultures. An HIV antibody test was negative and
chest CT revealed no pulmonary disease. Her clinical course was compli-
cated by M. kansasii osteomyelitis of her distal left clavicle requiring
resection as well as rifampin-induced thrombocytopenia. The current treat-
ment regimen includes azithromycin 500 mg (gastrointestinal intolerance
to clarithromycin), moxifloxacin 400 mg, and isoniazid 900 mg daily. After
5 months of treatment, the subcutaneous nodules persist but are nontender
and decreased in size, and her polymyositis is currently quiescent on pred-
nisone 2.5 mg/day.

These are the first reported cases of NTM disease in patients treated
with B cell depletion therapy. The presentation and clinical course of Case
1 was highly unusual given the isolated involvement of the pleural space
with M. avium and the failure of aggressive antimycobacterial therapy in
the face of rituximab treatment. In the second case, a patient with long-
standing use of prednisone and MTX developed disseminated M. kansasii
infection after beginning rituximab therapy. In both cases, we suspect the
use of rituximab hindered the patient’s immune response to appropriately
combat the NTM infection.

NTM are slow-growing, intracellular environmental organisms that can
cause chronic bronchopulmonary disease, lymphadenitis, skin and soft tis-
sue disease, musculoskeletal infection, disseminated disease, and catheter-
related infection1. Pleural effusions due to M. avium are extremely rare,
even in the case of pulmonary or disseminated disease. Pulmonary M.
avium disease typically progresses slowly and most commonly affects indi-
viduals with a history of underlying lung pathology1. Isolated M. avium
pleural infections, as in Case 1, have been reported only twice in the liter-
ature2,3. In these 2 cases of isolated M. avium pleuritis, both patients
responded to antimycobacterial therapy with resolution of the effusions
within 1.5 to 4.5 months2,3. Isolated pleural effusions with other NTM are
also rare, but infection withM. fortuitum andM. kansasii have been report-
ed to improve with appropriate therapy4,5. Similarly, M. tuberculosis pleu-
ral infections generally resolve with 6 months of therapy6, even in the face
of prednisone therapy, which is recommended to decrease the scarring
complications of such infections7.

The patient in Case 1 took prednisone throughout his antimycobacteri-
al regimen, and received an aggressive course of 5 drug antimycobacterial
therapy that included parenteral amikacin. One possible explanation for the
treatment failure in this case is a lack of adherence to his oral antimy-
cobacterial regimen. We were not able to evaluate this possibility with drug
levels, although a pill count at 2 clinical visits suggested the patient was
taking his medicine as recommended. Unfortunately, he declined surgical
decortication that would have likely improved his chances of surviving the
infection.

Case 2 describes a woman who developed disseminated M. kansasii
infection with extensive soft tissue and bone involvement 4 months after
receiving rituximab. She was also undergoing treatment with MTX and
prednisone. Disseminated NTM occurs almost exclusively in the presence
of severe immunosuppression, typically in the setting of HIV, organ trans-
plantation, or malignancy8,9. NTM infection has been reported in patients
with systemic lupus erythematosus (SLE), most commonly resulting in soft
tissue involvement but only rarely disseminated disease10. This report com-
pared SLE patients with NTM to those withM. tuberculosis infections, and
found that those with NTM disease had a higher cumulative dosage of
prednisone and developed the infection later in the SLE disease course.

The regulation of mycobacterial infections is typically attributed to the
CD4+ Th1 cells of the cellular immune response11 with little known about
the contribution of the humoral response. Rituximab, a monoclonal anti-

body that targets CD20 on the surface of late pro-, pre-, immature, mature,
and memory B cells11, has been used to treat refractory dermatomyositis
and polymyositis12-19. Unlike the anti-tumor necrosis factor agents, thus far
treatment with rituximab has not been associated with reactivation of latent
tuberculosis20. Several recent studies suggest that peripheral B cells are
important in the host defense against mycobacteria, however. Maglione, et
al recently found, in a murine tuberculosis model, that B cells were an
important constituent of formed granulomas, and that B cell knockout mice
failed to contain their tuberculosis infection and died21. Importantly, trans-
fer of B cells to the infected knockout mice reversed the outcomes of mor-
tality, lung bacterial burden, and pulmonary neutrophilia. Other recent
work has highlighted the presence of B lymphocytes in the outer portion of
granulomas in human lung tissue infected with M. tuberculosis22.

Together, our patients represent the first reports of severe NTM infec-
tion in patients receiving B cell depletion therapy. Because they were also
treated with other immunosuppressants, it is not clear that rituximab ther-
apy either promoted disease progression or caused NTM disease.
Nonetheless, there is increasing evidence to support the importance of B
cells in the response to these organisms, and the atypical nature of these
cases suggests that clinicians should remain vigilant for NTM infections in
patients selected for these therapies.
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Successful Treatment of Cardiac Sarcoidosis with Infliximab

To the Editor:

The clinical presentation of cardiac sarcoidosis may include arrhythmias,
pericardial or valvular disease, congestive heart failure, or ventricular
aneurysms1. Cardiac sarcoidosis is regarded as an indication for corticos-
teroid therapy2. Immunosuppressive agents are often combined with corti-
costeroids to reduce adverse effects.Anti-tumor necrosis factor-α (anti-TNF-
α) therapy has been used to treat refractory sarcoidosis3, and TNF-α expres-
sion has been documented at sites where sarcoid granulomas are observed,
and plays a critical role in granuloma formation4. Thus, anti-TNF-α therapy
should result in suppression of disease manifestation and progression.

The use of infliximab in patients with cardiac sarcoidosis has been
described in 3 case reports. One patient had pericardial disease but the out-
come of treatment was not included in the report5. A patient with severe
ocular involvement developed a malignant arrhythmia and did not experi-
ence any further ectopy after infliximab treatment6. In another report, a
patient with biopsy-proven sarcoidosis and multiple conduction blocks
responded to infliximab therapy and no longer requires backup pacing7.

We describe a patient with cardiac and muscle sarcoidosis who
responded to infliximab. Cardiac status improved symptomatically and on
magnetic resonance imaging (MRI).

A 58-year-old woman was initially assessed in October 2003 for man-
agement of biopsy-proven sarcoidosis in the right gastrocnemius muscle.
Her history included refractory atrial fibrillation treated with amiodarone,
type 2 diabetes mellitus, coronary artery disease, hypertension, celiac dis-
ease, glaucoma, and esophageal reflux. Initially no therapy was indicated
as she was asymptomatic.

In April 2005, she reported episodes of tachycardia lasting up to 1 hour
occurring once per week. An electrocardiogram showed first-degree atri-
oventricular block. She underwent a cardiac MRI, which showed normal
cardiac chamber size and ejection fraction, without regional wall abnor-
malities. There was delayed enhancement of the mid-left ventricle cavity
wall, particularly in the inferolateral segment, consistent with myocardial
fibrosis of nonischemic origin and the diagnosis of cardiac sarcoidosis.
Cardiac MRI markers of inflammation included an early enhancement ratio
of 5.8 (normal < 4.0)8 and a T2 ratio for myocardial edema of 2.3 (normal
< 2.0)9 (Figure 1).

She had developed extensive nodularity and pain in the extensor mus-
cles of the forearms and calves. She was treated with prednisone 50 mg per
day. Her muscle pain and palpitations improved, but blood glucose man-
agement deteriorated and she became markedly cushingoid. She also
developed proximal muscle weakness and pain with distal paresthesias.
These symptoms were initially ascribed to corticosteroid therapy and the
prednisone was tapered to 10 mg per day. Nerve conduction studies, how-
ever, showed her symptoms to be due to diabetic amyotrophy and a periph-
eral neuropathy. Repeat cardiac MRI in March 2006 showed inferolateral
wall abnormalities with loculated organizing pericardial fluid over the right
ventricle.

Infliximab therapy was initiated in May 2006 at 3 mg/kg at Weeks 0, 2,
and 6, and then every 8 weeks. She continues to receive prednisone 5 mg
per day (due to adrenal insufficiency). The nodularity in her extremities has
improved clinically and on imaging. Repeat cardiac MRI showed improve-
ment of the early enhancement ratio to 2.4 and the T2 ratio to 1.9, consis-
tent with resolution of active inflammation and no progression in fibrosis
(Figure 2).

We report this case to show that infliximab may be effective in the treat-
ment of cardiac sarcoidosis in patients in whom corticosteroids are either
ineffective or are associated with unacceptable adverse effects. We recog-
nize that there may be issues concerning infliximab use in patients with
heart failure, as increased mortality has been reported10. Such patients
would require close monitoring if a decision is made to use infliximab.
Further study of infliximab in treating sarcoidosis is also required to deter-
mine the appropriate dose and duration of therapy.

A high index of suspicion is required to diagnose cardiac sarcoidosis.
Preliminary investigations of patients with sarcoidosis should include a
thorough evaluation of the cardiovascular system for conduction defects
and valvular and pericardial abnormalities. Cardiac MRI holds promise in
the diagnosis and monitoring of patients with cardiac sarcoidosis.
However, the prognostic significance of changes in markers of myocardial
inflammation identified on cardiac MRI remains to be determined.
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Figure 1. Initial cardiac MRI. Arrows indicate area of increased late enhancement in the
mid-posterolateral wall region consistent with myocardial fibrosis of nonischemic origin and
the diagnosis of cardiac sarcoidosis.

Figure 2. Repeat cardiac MRI 13 months later. No interval change in late enhancement.
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