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Antagonists of tumor necrosis factor-o. (TNF-a)
have revolutionized the treatment of select inflam-
matory diseases including rheumatoid arthritis and
Crohn’s disease. Currently three TNF-o antago-
nists—adalimumab, etanercept, and infliximab—
have been approved worldwide for use for the
treatment of various rheumatic diseases.’
Although these three medications exhibit efficacy
in the treatment of autoimmune disorders, they
also seem to affect host resistance to infectious
pathogens, particularly granulomatous infections.?
The TNF-a antagonists have been associated with
numerous adverse events, of which serious infec-
tions and malignancies are the most common.®
Mycobacterium tuberculosis, histoplasmosis,
aspergillosis, listeriosis, cytomegalovirus, cocci-
diomycosis, nocardiosis, and other serious bacte-
rial infections have been reported in several series
and case reports of patients receiving TNF-o
antagonist therapy. This article focuses solely on
fungal infections associated with the anti-
TNF-o therapies.

ANTI-TUMOR NECROSIS FACTOR-o. THERAPIES

Although anti-TNF-a factor therapies target the
same cytokine, their mechanisms of action and

therefore efficacy and side effects are different. In-
fliximab (Remicade) was the first agent approved
for treatment of Crohn’s disease. Initially, however,
it was studied for treatment of rheumatic arthritis
(RA). Infliximab is a chimeric molecule that
combines the Fc region of human immunoglobulin
G1 (IgG1) with the variable region of the mouse
antibody against TNF-a. It binds to both
membrane-bound and soluble TNF-a, interfering
with the binding of TNF-a to its receptor. The
loss of bioactivity is a result of binding to soluble
TNF-a, whereas binding to membrane-bound
TNF-o. causes complement- and/or antibody-
dependent lysis of cells that express TNF-q,
such as lymphocytes and monocytes.*® Infliximab
does not inhibit TNF-B (lymphotoxin-a). Infliximab
is approved for treatment of RA, Crohn’s disease,
ankylosing spondylitis, psoriatic arthritis, plaque
psoriasis, and ulcerative colitis. The usual dose
of infliximab is 3 to 5 mg/kg for RA and Crohn’s
disease, respectively, administered intravenously
at weeks 0, 2, and 6 and followed by maintenance
infusions every 8 weeks.® For patients who do not
respond, doses may be escalated to 10 mg/kg.
Etanercept (Enbrel) is indicated for treatment of
RA, psoriatic arthritis, ankylosing spondylitis, and
polyarticular-course juvenile idiopathic arthritis.”
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Etanercept is a soluble dimeric fusion protein that
consists of the extracellular ligand-binding portion
of the human 75-kDa (p75) TNF receptor linked to
the Fc portion of human IgG1. The fusion protein
binds to both TNF-o. and TNF-B, interfering with
their ability to interact with their receptors. Unlike
infliximab, etanercept can interact only with
soluble TNF-a.* The usual dose of etanercept is
either 25 mg twice weekly or 50 mg once weekly
administered subcutaneously.”

Adalimumab (Humira) is indicated for RA,
Crohn’s disease, juvenile idiopathic arthritis, psori-
atic arthritis, ankylosing spondylitis, and plaque
psoriasis. Adalimumab is a recombinant human
IgG1 monoclonal antibody specific for TNF-a;; it
does not inhibit TNF-B. The usual dose is 40 mg
administered subcutaneously every 2 weeks, but
the dose may be increased to 40 mg every week
if necessary.®

ROLE OF TUMOR NECROSIS FACTOR-a
IN INFECTION

TNF-a plays a central role in the host immune
response to infectious pathogens. Alveolar macro-
phages secrete large amounts of TNF-o in
response to antigen presentation. T lymphocytes
and natural killer cells produce it to a lesser extent.
TNF-a is essential in the recruitment of inflamma-
tory cells to the site of infection and in the forma-
tion and maintenance of infectious granulomas.
Shortly after fungal or mycobacterial infection
occurs, monocytes, dendritic cells, effector
T cells, and B cells migrate to the site of infection
and organize to form these granulomas. It is
thought that the role of infectious granulomas is
to contains the pathogen and prevent its spread
beyond the original site of infection. If the integrity
of the granuloma is disrupted, pathogen replica-
tion and dissemination may occur.®

Animal studies have demonstrated clearly the
relationship between TNF-a, chemokine produc-
tion, and granuloma formation. In TNF-o—deficient
mice, chemokine levels lagged behind those in
wild-type mice, leading to delayed or aberrant
granuloma formation, increased bacterial replica-
tion, and destructive immunopathology.®'° In an
experimental model of histoplasmosis, anti-TNF-o
antibody blocked the T-helper (Th)-1 arm of
cellular immunity'" and prevented the develop-
ment of a protective immune response.’® For
these reasons, it is not surprising that infections,
including invasive fungal infections (IFls), are
a common side effect of the TNF-o inhibitor
therapies.

INVASIVE FUNGAL INFECTIONS ASSOCIATED
WITH TUMOR NECROSIS FACTOR-o INHIBITORS

The true incidence of IFls associated with the
TNF-a inhibitors is unknown for various reasons.
Studies reporting on the emergent infections often
lack the appropriate denominator, the recipients of
anti-TNF agents. TNF-a inhibitors are prescribed
commonly in conjunction with other immunosup-
pressants to help decrease the dose of these addi-
tional medications.'®='® On the other hand, the
disease states for which these medications are
administered could predispose a patient to infec-
tion. For example, a patient suffering from RA is
at increased risk of infection, probably because
of underlying immune dysregulation.’” Recently,
however, a meta-analysis showed a significant
association between TNF-a blockade and serious
infections (the trial did not include etanercept). The
rates of serious infections were low, on average 6
per 100 patient-years, and there seemed to be no
significant difference in the rates of infection with
infliximab, etanercept, or adalimumab.® Postmar-
keting studies suggest that the rate of serious
infections complicating anti-TNF-a therapies
might be much higher than reported in clinical
trials evaluating TNF-a blockers.'®

SPECIFIC INVASIVE FUNGAL INFECTIONS
Histoplasmosis

Histoplasmosis is the most common IFl associ-
ated with TNF-o inhibitors. In a recent survey of
infectious diseases specialists, histoplasmosis
was second only to Staphylococcus aureus as
the cause of serious infection complicating anti-
TNF and other biologic therapies.™ In most re-
ported cases, patients are from areas in which
the fungus is endemic and have received concur-
rent immunosuppressants. To date 86 cases of
histoplasmosis have been reported with some
clinical information.?120-30  The two most
common indications for anti-TNF therapy are RA
and inflammatory bowel diseases. According to
the FDA MedWatch, the complicating anti-TNF
agent in most of the 240 patients who had histo-
plasmosis was infliximab (207 cases), followed
by etanercept (17 cases) and adalumimab
(16 cases).3! The type of infection varied from
acute pulmonary to extrapulmonary or progressive
disseminated histoplasmosis; pulmonary involve-
ment was reported in the majority of cases.®?
Typical presenting signs and symptoms included
cough, fever, malaise, dyspnea, and interstitial
pneumonitis on chest radiograph. Many of these
sighs and symptoms also could be caused by
the patient’s underlying disease state, resulting in



a delay in recognition and therefore treatment of
the histoplasmosis.??> Rapid diagnosis can be
achieved most reliably by the urine or serum Histo-
plasma antigen test® and cytopathologic analysis
of bronchoalveolar lavage (BAL).'" Most patients
were treated with amphotericin B followed by
itraconazole. Mortality was nearly 20% in the
cases for which that information was available.

Coccidioidomycosis

To date 30 cases of coccidioidomycosis associ-
ated with anti-TNF therapy have been reported.
Of these, 28 (93%) were associated with infliximab
and 2 (7%) with etanercept.®®-3® Bergstrom and
colleagues®® estimated a relative risk of 5.23 for
developing symptomatic coccidioidomycosis in
patients residing in endemic areas receiving inflix-
imab, as compared with those who are not taking
an anti-TNF agent. Pneumonia was present in all
cases, and five cases had evidence of dissemi-
nated infection. All patients were concomitantly
taking methotrexate and/or corticosteroids. The
diagnosis was made by positive serologic findings
in 11 of the 15 cases for which such information is
available. In four cases, the coccidioidomycosis
was diagnosed by biopsy (lung, BAL, or skin) or
from a culture.®33437 The coccidioidal serology
before anti-TNF therapy was negative in all six
patients who were tested before initiation of inflix-
imab. Of the 15 patients for whom information on
treatment and outcome was available, 14 received
antifungal therapy (amphotericin B, itraconazole,
or fluconazole) with an attributable mortality of
approximately 13% (2/15).33.34.37

Aspergillosis and Zygomycetes

Sixty-five cases of aspergillosis associated with
TNF-o inhibitor use have been reported to date.
Most cases were associated with infliximab (48
cases, 74%), followed by etanercept (15 cases,
23%) and adalimumab (2 cases, 3%).27:28:39-50
Of the 25 patients for whom the indication was
known, 18 received the TNF-o inhibitor for graft-
versus-host disease (GVHD) following allogeneic
bone marrow transplantation for a hematologic
malignancy, 5 for rheumatologic diseases, and 2
for inflammatory bowel disease. Sixty-three of
the 65 patients were receiving concomitant immu-
nosuppressant medications. Most patients devel-
oped invasive pulmonary aspergillosis and were
diagnosed by culture or by biopsy obtained
through bronchoscopy. One case was determined
by a positive BAL culture result plus positive
antigen testing. The overall prognosis was grave:
mortality reached 82% in patients who had
GVHD.43’46’47
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Four cases of Zygomycetes infection have been
reported in the literature to date.*®°".52 Three of
the four cases were associated with infliximab
use (in one patient who suffered from Crohn’s
disease and in two patients who had GVHD). The
fourth case was a patient who had RA who devel-
oped orbital cellulitis along with disseminated
Zygomycetes infection in association with adali-
mumab therapy.®? No patient survived.

Candida Infections

Sixty-four cases of Candida infections associated
with TNF-a inhibitor therapy have been identified.
Of those cases, 84% (54/64) were associated with
infliximab, 14% (9/64) with etanercept, and 2% (1/
64) with adalimumab.21:28,39:40,44,47.53-56 Thg indj-
cation for TNF-a therapy was known is 18 cases,
11 of which were GVHD, 5 were inflammatory bowel
disease, and 2 were RA. The site of infection varied
but included the bloodstream, abscesses, esoph-
agus, oropharynx, and endovascular sites. These
Candida infections were associated with 50%
mortality (in cases for which outcome data were
available). Of note, 75% of the patients who died
were coinfected with additional organisms: Pneu-
mocystis and Aspergillus in one case,** a mixed
intra-abdominal abscess?! in another, and a Salmo-
nella species in the last case.®®

Cryptococcus Infections

To date 28 cases of Cryptococcus infections asso-
ciated with TNF-a inhibitor therapy have been re-
ported.?857-64 Of the 28 cases, 17 (61%) have
been associated with infliximab, 10 (36%) with
etanercept, and 1 (3%) with adalimumab. Most
patients presented with pneumonia. Additional
clinical manifestations that have been noted
include fungemia, involvement of the central
nervous system, cutaneous infections, tenosyno-
vitis requiring amputation of the involved fingers,
and a rare case of Cryptococcus albidus infection.
Typically Cryptococcus infections were diagnosed
by biopsy. The infections responded to flucona-
zole or amphotericin B, and no patients died.

Blastomycosis

Two cases of blastomycosis have been reported in
abstract form with very limited information.3®

OTHER AGENTS

Although anti-TNF agents are considered essential
in the treatment of RA, Crohn’s disease, and other
inflammatory diseases, other biologic agents now
are being introduced in clinical use.
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Rituximab (Rituxin) is a chimeric murine/human
monoclonal antibody against CD20, which is
found on mature and pre-B lymphocytes. Binding
of rituximab to CD20 causes B-lymphocyte lysis
and almost complete depletion of B-cell line-
ages.®5%6 B-cell depletion usually lasts 3 to
9 months but has been observed for up to 12 to
15 months.®%=7 Initially approved for treatment
of certain B-cell non-Hodgkin’s lymphomas,
following or in combination with other chemother-
apeutic regimens, rituximab also is approved for
treatment of moderately to severely active RA in
combination with methotrexate in adult patients
who have had an inadequate response to one or
more TNF-antagonist therapies.®® It is being
used increasingly for the treatment of other auto-
immune diseases, including autoimmune-medi-
ated thrombocytopenias and lupus.®”

Although initial oncology trials did not show any
increase in serious infections, later publications
have suggested an increased risk of infections with
rituximab. Although several cases of fungal infections
have been reported in patients receiving rituximab
for B-cell non-Hodgkin’s lymphoma, it often is diffi-
cult to attribute these infections solely to rituximab
because of concomitant or recent use of cytotoxic
chemotherapeutic agents. In areview of 745 patients
who had RA and who were receiving either rituximab
or placebo, 17 serious infections were observed in
the rituximab group compared with seven in the
placebo group; none were fungal infections.®®

Pneumocystis pneumonia has been reported in
association with rituximab.5®74 One case of fatal
Pneumocystis pneumonia was diagnosed in
a patient treated with rituximab in addition to
methotrexate and low-dose prednisolone for RA.
The diagnosis was made by polymerase chain
reaction (PCR) on BAL fluid.”® The increased risk
of Pneumocystis infection with administration of
rituximab was supported further by clinical trials
that examined the addition of rituximab to stan-
dard chemotherapy for lymphomas. One study re-
ported 10 cases (4.4%) of Pneumocystis jirovecii
pneumonia in patients receiving rituximab, cytox-
an, hydroxydaunorubicin (Adriamycin), vincristine
(Oncovin), and prednisone/prednisolone or rituxi-
mab, cytoxan, hydroxydaunorubicin, vincristine
(Oncovin), etoposide and prednisone, compared
with three cases (0.8%) in patients receiving
chemotherapeutic regimens that did not include
rituximab.”"

Aspergillosis has been attributed to the use of
rituximab in patients who are otherwise immu-
nocompromised because of an underlying
lymphoma after solid-organ transplantation,”®
hematopoietic stem cell transplantation,”® or auto-
immune disease.”” On the other hand, rituximab

was given for more than a year to a patient who
had chronic disseminated aspergillosis treated
with voriconazole with no evidence of progression
of the disease.”® Disseminated histoplasmosis
and mucormycosis also have been reported in
association with rituximab use.”®8°

Abatacept (Orencia) is a fusion protein that
binds to CD80 and CD86 receptors on antigen-
presenting cells, preventing their interaction with
the CD28 receptor on T cells. It mimics the func-
tion of naturally occurring cytotoxic T-lymphocyte
antigen-4, which results in a decrease in T-cell
activation and proliferation. This decrease subse-
quently affects B-cell function, causing inhibition
of TNF-a, interleukin (IL)-2, IL-6, and possibly inter-
feron-gamma.®®8" Abatacept has been approved
for treatment of patients who have moderately to
severely active RA and who have had an inade-
quate response to more than one disease-modi-
fying anti-rheumatic drug (DMARD) or TNF
antagonist. It can be used alone or in combination
with DMARDs or TNF-o. agonists.®’

There are few reports of fungal infections related
to abatacept therapy. Of 1960 patients who
received abatacept, 49 had serious infections,
and only one had a fungal infection (pulmonary
aspergillosis). This patient had a history of tuber-
culosis and pulmonary fibrosis and died of asper-
gillosis and Pseudomonas septicemia.?® Two
other studies containing 1286 and 223 patients
who had RA observed no fungal infections
6 months after starting abatacept therapy.82-83

Natalizumab (Tysabri) is a recombinant mono-
clonal antibody that competitively binds to alpha-
4 integrin, a membrane protein on all leukocytes
except neutrophils. It is involved in cell adhesion
and leukocyte transmigration across endothelial
cells and into peripheral tissues and may interfere
with the activation of T lymphocytes.®* It is
approved for treatment of relapsing multiple scle-
rosis and in moderate to severe Crohn’s disease
with inflammation that has not responded to
conventional therapy. Many of the reports of
opportunistic infections associated with natalizu-
mab therapy have focused on three patients in
early trials of the agent who developed progres-
sive multifocal leukoencephalopathy (PML), two
of whom died. Since that time, larger studies
have been performed, one of which showed
a 0.1% risk of PML in the 3116 patients studied.
Natalizumab was taken off the market for a short
time and now carries a black box warning
regarding the risk of developing PML.2* The
package insert notes that fewer than 1% of
patients receiving natalizumab for Crohn’s disease
developed opportunistic infections, among which
are listed Pneumocystis jirovecii pneumonia and



bronchopulmonary aspergillosis. Subsequent
studies did not observe any fungal infections.

Anakinra (Kineret) is an IL-1 receptor antagonist
that contains a single methionine residue at its
amino terminus. It is approved for adults who
have RA rheumatoid arthritis and who have not
responded to one or more DMARDs. It can be
used alone or in combination with DMARDs or
TNF inhibitors.8® Four trials reviewed 2771 patients
who had RA arthritis receiving anakinra compared
with 729 patients who had similar characteristics
receiving placebo. No cases of fungal infection
were observed,®® and no case studies reporting
fungal infections were found.

SUMMARY

With the advent and widespread use of immuno-
modulating biologic agents, emerging invasive
fungal infections are reported increasingly. To
date there is no reliable method to screen patients
before starting anti-TNF therapy to predict their
risk for acquiring fungal infections, partly because
most of these infections are de novo infections.
Patients should be counseled about avoiding
high-risk activities that are associated with the
endemic mycosis in their geographic areas. Physi-
cians should maintain a high level of suspicion for
endemic fungal infections when patients receiving
anti-TNF therapy or other biologics present with
pulmonary or systemic infections. Rapid diagnosis
and initiation of antifungal therapy are of utmost
importance.

REFERENCES

1. Rigby WF. Drug insight: different mechanisms of
action of tumor necrosis factor antagonists—
passive-aggressive behavior? Nat Clin Pract Rheu-
matol 2007;3:227-33.

2. Lee JH, Slifman NR, Gershon SK, et al. Life-threat-
ening histoplasmosis complicating immunotherapy
with tumor necrosis factor alpha antagonists inflixi-
mab and etanercept. Arthritis Rheum 2002;46:
2565-70.

3. Bongartz T, Sutton AJ, Sweeting MJ, et al. Anti-TNF
antibody therapy in rheumatoid arthritis and the
risk of serious infections and malignancies: system-
atic review and meta-analysis of rare harmful effects
in randomized controlled trials. JAMA 2006;295:
2275-85.

4. Gaffo A, Saag KG, Curtis JR. Treatment of rheuma-
toid arthritis. Am J Health Syst Pharm 2006;63:
2451-65.

5. Klinkhoff A. Biological agents for rheumatoid
arthritis:  targeting both physical function and
structural damage. Drugs 2004;64:1267-83.

Invasive Mycosis and Biologic Therapies

6. Remicade: [package insert]. Malvern (PA): Cento-
cor, Inc.; 2008 [revised].

7. Etanercept [package insert]. Thousand Oaks (CA):
Amgen, Wyeth; 2008. Available at: http://www.
enbrel.com. Accessed December 30, 2008.

8. Humira [package insert]. Chicago: Abbott Laborato-
ries; 2008 [revised].

9. Algood HM, Lin PL, Flynn JL. Tumor necrosis factor
and chemokine interactions in the formation and
maintenance of granulomas in tuberculosis. Clin
Infect Dis 2005;41(Suppl 3):5189-93.

10. Mohan VP, Scanga CA, Yu K, et al. Effects of tumor
necrosis factor alpha on host immune response in
chronic persistent tuberculosis: possible role for
limiting  pathology. Infect Immun 2001;69(3):
1847-55.

11. Wood KL, Hage CA, Knox KS, et al. Histoplasmosis
after treatment with anti-tumor necrosis factor-alpha
therapy. Am J Respir Crit Care Med 2003;167(9):
1279-82.

12. Deepe GS Jr, Gibbons RS. T cells require tumor
necrosis factor-alpha to provide protective immunity
in mice infected with Histoplasma capsulatum.
J Infect Dis 2006;193(2):322-30.

13. Filler SG, Yeaman MR, Sheppard DC. Tumor
necrosis factor inhibition and invasive fungal
infections. Clin Infect Dis 2005;41(Suppl 3):
S208-12.

14. Maini R, St Clair EW, Breedveld F, et al. Infliximab
(chimeric anti-tumour necrosis factor alpha mono-
clonal antibody) versus placebo in rheumatoid
arthritis patients receiving concomitant metho-
trexate: a randomised phase Il trial. ATTRACT
Study Group. Lancet 1999;354(9194):1932-9.

15. Papadakis KA, Shaye OA, Vasiliauskas EA, et al.
Safety and efficacy of adalimumab (D2E7) in
Crohn’'s disease patients with an attenuated
response to infliximab. Am J Gastroenterol 2005;
100(1):75-9.

16. Witthoft T, Ludwig D. Effectiveness and tolerability of
repeated treatment with infliximab in patients with
Crohn’s disease: a retrospective data analysis in
Germany. Int J Colorectal Dis 2005;20(1):18-23.

17. Doran MF, Crowson CS, Pond GR, et al. Predictors
of infection in rheumatoid arthritis. Arthritis Rheum
2002;46(9):2294-300.

18. Salliot C, Gossec L, Ruyssen-Witrand A, et al. Infec-
tions during tumour necrosis factor-alpha blocker
therapy for rheumatic diseases in daily practice:
a systematic retrospective study of 709 patients.
Rheumatology (Oxford) 2007;46(2):327-34.

19. Winthrop KL, Yamashita S, Beekmann SE, et al.
Mycobacterial and other serious infections in
patients receiving anti-tumor necrosis factor and
other newly approved biologic therapies: case
finding through the Emerging Infections Network.
Clin Infect Dis 2008;46(11):1738-40.

283


http://www.enbrel.com
http://www.enbrel.com

284

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Arnold et al

Asrani NS. Disseminated histoplasmosis associ-
ated with the treatment of rheumatoid arthritis
with anticytokine therapy. Ann Intern Med 2008;
149:594-5.

Colombel JF, Loftus EV Jr, Tremaine WJ, et al. The
safety profile of infliximab in patients with Crohn’s
disease: the Mayo Clinic experience in 500 patients.
Gastroenterology 2004;126:19-31.

Galandiuk S, Davis BR. Infliximab-induced dissemi-
nated histoplasmosis in a patient with Crohn’s
disease. Nat Clin Pract Gastroenterol Hepatol
2008;5:283-7.

Goulet CJ, Moseley RH, Tonnerre C, et al. Clinical
problem-solving. The unturned stone. N Engl J
Med 2005;352:489-94.

Jain VV, Evans T, Peterson MW. Reactivation histo-
plasmosis after treatment with anti-tumor necrosis
factor alpha in a patient from a nonendemic area.
Respir Med 2006;100:1291-3.

Nakelchik M, Mangino JE. Reactivation of histoplas-
mosis after treatment with infliximab. Am J Med
2002;112:78.

Sawalha AH, Lutz BD, Chaudhary NA, et al. Panni-
culitis: a presenting manifestation of disseminated
histoplasmosis in a patient with rheumatoid arthritis.
J Clin Rheumatol 2003;9:259-62.

Schiff MH, Burmester GR, Kent JD, et al. Safety
analyses of adalimumab (HUMIRA) in global clinical
trials and US postmarketing surveillance of patients
with rheumatoid arthritis. Ann Rheum Dis 2006;65:
889-94.

Wallis RS, Broder MS, Wong JY, et al. Granuloma-
tous infectious diseases associated with tumor
necrosis factor antagonists. Clin Infect Dis 2004;
38:1261-5.

Zaman R, Abbas M. Case report of fatal dissemi-
nated histoplasmosis in a patient with rheumatoid
arthritis following therapy with etanercept and meth-
otrexate Presented at the 40th annual meeting of the
Infectious Diseases Society of America; Chicago,
October 24-27, 2002 [abstract 378].

Zhang Z, CorreaH, Begue RE. Tuberculosis and treat-
ment with infliximab. N Engl J Med 2002;346:623-6.
Food and Drug Administration. FDA alert;
information for healthcare professionals; Cimzia
(certolizumab pegol), Enbrel (etanercept), Humira
(adalimumab), and Remicade (infliximab). Available
at:  http://www.fda.gov/cder/drug/InfoSheets/HCP/
TNF_blockersHCP.htm. Accessed December 30,
2008.

Tsiodras S, Samonis G, Boumpas DT, et al. Fungal
infections complicating tumor necrosis factor alpha
blockade therapy. Mayo Clin Proc 2008;83:181-94.
Bergstrom L, Yocum DE, Ampel NM, et al. Increased
risk of coccidioidomycosis in patients treated with
tumor necrosis factor alpha antagonists. Arthritis
Rheum 2004;50:1959-66.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Dweik M, Baethge BA, Duarte AG. Coccidioidomy-
Cosis pneumonia in a nonendemic area associated
with infliximab. South Med J 2007;100:517-8.

Maini RN, Breedveld FC, Kalden JR, et al. Sustained
improvement over two years in physical function,
structural damage, and signs and symptoms among
patients with rheumatoid arthritis treated with inflixi-
mab and methotrexate. Arthritis Rheum 2004;50:
1051-65.

Mertz LE, Blair JE. Coccidioidomycosis in rheuma-
tology patients: incidence and potential risk factors.
Ann N'Y Acad Sci 2007;1111:343-57.

Rogan MP, Thomas K. Fatal miliary coccidioidomy-
cosis in a patient receiving infliximab therapy:
a case report. J Med Case Reports 2007;1:79.
Ruderman E, Markenson J. Granulomatous infec-
tions and tumor necrosis factor antagonist therapies.
Presented at the Proceedings of the Annual Euro-
pean Congress of Rheumatology EULAR; Lisbon,
Portugal, June 19-21, 2003 [abstract THU0209].
Busca A, Locatelli F, Marmont F, et al. Recombinant
human soluble tumor necrosis factor receptor fusion
protein as treatment for steroid refractory graft-versus-
host disease following allogeneic hematopoietic stem
cell transplantation. Am J Hematol 2007;82:45-52.
Couriel D, Saliba R, Hicks K, et al. Tumor necrosis
factor-alpha blockade for the treatment of acute
GVHD. Blood 2004;104:649-54.

De Rosa FG, Shaz D, Campagna AC, et al. Invasive
pulmonary aspergillosis soon after therapy with in-
fliximab, a tumor necrosis factor-alpha-neutralizing
antibody: a possible healthcare-associated case?
Infect Control Hosp Epidemiol 2003;24:477-82.
Finn S, Bond J, McCarthy D, et al. Angioinvasive
aspergillosis presenting as neutropenic colitis.
Histopathology 2006;49:440-1.

Jacobsohn DA, Hallick J, Anders V, et al. Infliximab
for steroid-refractory acute GVHD: a case series.
Am J Hematol 2003;74:119-24.

Kaur N, Mahl TC. Pneumocystis carinii pneumonia
with oral candidiasis after infliximab therapy for
Crohn’s disease. Dig Dis Sci 2004;49:1458-60.
Lassoued S, Sire S, Farny M, et al. Pulmonary
aspergillosis in a patient with rheumatoid arthritis
treated by etanercept. Clin Exp Rheumatol 2004;
22:267-8.

Marty FM, Lee SJ, Fahey MM, et al. Infliximab use in
patients with severe graft-versus-host disease and
other emerging risk factors of non-Candida invasive
fungal infections in allogeneic hematopoietic stem
cell transplant recipients: a cohort study. Blood
2003;102:2768-76.

Patriarca F, Sperotto A, Damiani D, et al. Infliximab
treatment for steroid-refractory acute graft-versus-
host disease. Haematologica 2004;89:1352-9.
Slusher JR, Maldonado ME, Mousavi F, et al. Central
nervous system Aspergillus fumigatus presenting as


http://www.fda.gov/cder/drug/InfoSheets/HCP/TNF_blockersHCP.htm
http://www.fda.gov/cder/drug/InfoSheets/HCP/TNF_blockersHCP.htm

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

cranial nerve palsy in a patient with ankylosing spon-
dylitis on anti-TNF therapy. Rheumatology (Oxford)
2008;47:739-40.

van der Klooster JM, Bosman RJ, Oudemans-van
Straaten HM, et al. Disseminated tuberculosis,
pulmonary aspergillosis and cutaneous herpes
simplex infection in a patient with infliximab
and methotrexate. Intensive Care Med 2003;29:
2327-9.

Warris A, Bjorneklett A, Gaustad P. Invasive pulmo-
nary aspergillosis associated with infliximab therapy.
N Engl J Med 2001;344:1099-100.

Devlin SM, Hu B, Ippoliti A. Mucormycosis present-
ing as recurrent gastric perforation in a patient with
Crohn’s disease on glucocorticoid, 6-mercaptopu-
rine, and infliximab therapy. Dig Dis Sci 2007;52:
2078-81.

Singh P, Taylor SF, Murali R, et al. Disseminated mu-
cormycosis and orbital ischaemia in combination
immunosuppression with a tumour necrosis factor
alpha inhibitor. Clin Experiment Ophthalmol 2007;
35:275-80.

Belda A, Hinojosa J, Serra B, et al. [Systemic
candidiasis and infliximab therapy]. Gastroenterol
Hepatol 2004;27:365-7 [in Spanish].

Burmester G, Mariette X, Montecucco C, et al.
Adalimumab alone and in combination with
disease-modifying antirheumatic drugs for the treat-
ment of rheumatoid arthritis in clinical practice: the
Research in Active Rheumatoid Arthritis (ReAct)
trial. Ann Rheum Dis 2007;66:732-9.

Netea MG, Radstake T, Joosten LA, et al. Salmonella
septicemia in rheumatoid arthritis patients receiving
anti-tumor necrosis factor therapy: association with
decreased interferon-gamma production and toll-
like receptor 4 expression. Arthritis Rheum 20083;
48:1853-7.

Ricart E, Panaccione R, Loftus EV, et al. Infliximab
for Crohn’s disease in clinical practice at the Mayo
Clinic: the first 100 patients. Am J Gastroenterol
2001;96:722-9.

Arend SM, Kuijper EJ, Allaart CF, et al. Cavitating
pneumonia after treatment with infliximab and pred-
nisone. Eur J Clin Microbiol Infect Dis 2004;23:
638-41.

Chavez-Lopez M, Marquez-Diaz F,  Aguayo-
Leytte G. [Cerebral cryptococcosis associated with
etanercept]. Enferm Infecc Microbiol Clin 2006;24:
288 [in Spanish].

Hage CA, Wood KL, Winer-Muram HT, et al. Pulmo-
nary cryptococcosis after initiation of anti-tumor
necrosis factor-alpha therapy. Chest 2003;124:
2395-7.

Hoang JK, Burruss J. Localized cutaneous Crypto-
coccus albidus infection in a 14-year-old boy on
etanercept therapy. Pediatr Dermatol 2007;24:
285-8.

Invasive Mycosis and Biologic Therapies

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Horcajada JP, Pena JL, Martinez-Taboada VM, et al.
Invasive cryptococcosis and adalimumab treatment.
Emerg Infect Dis 2007;13:953-5.

Shrestha RK, Stoller JK, Honari G, et al. Pneumonia
due to Cryptococcus neoformans in a patient
receiving infliximab: possible zoonotic transmission
from a pet cockatiel. Respir Care 2004;49:606-8.
Starrett W, Czachor J, Dallal M, et al. Cryptococcal
pneumonia following treatment with infliximab for
rheumatoid arthritis. Presented at the 40th annual
meeting of the Infectious Diseases Society of Amer-
ica; Chicago, October 24-27, 2002 [abstract
374:110].

True DG, Penmetcha M, Peckham SJ. Disseminated
cryptococcal infection in rheumatoid arthritis treated
with methotrexate and infliximab. J Rheumatol 2002;
29:1561-3.

Rituximab: (Rituxin) [package insert]. San Francisco
(CA): Genentech, Inc.; 2008.

Saketkoo LA, Espinoza LR. Impact of biologic
agents on infectious diseases. Infect Dis Clin North
Am 2006;20:931-61.

Gea-Banacloche JC, Weinberg GA. Monoclonal
antibody therapeutics and risk for infection. Pediatr
Infect Dis J 2007;26:1049-52.

Salliot C, Dougados M, Gossec L. Risk of serious
infections during rituximab, abatacept and anakinra
treatments for rheumatoid arthritis: meta-analyses of
randomised placebo-controlled trials. Ann Rheum
Dis 2009;68:25-32.

Ennishi D, Terui Y, Yokoyama M, et al. Increased
incidence of interstitial pneumonia by CHOP
combined with rituximab. Int J Hematol 2008;87:
393-7.

Hatoum HH, Sarosi GA, Knox KS, et al. Acute respi-
ratory failure and diffuse pulmonary infiltrates four
weeks after rituximab therapy. Respiratory Medicine
CME, in press.

Kolstad A, Holte H, Fossa A, et al. Pneumocystis
Jirovecii pneumonia in B-cell lymphoma patients
treated with the rituximab-CHOEP-14 regimen.
Haematologica 2007;92:139-40.

Spina M, Jaeger U, Sparano JA, et al. Rituximab
plus infusional cyclophosphamide, doxorubicin,
and etoposide in HIV-associated non-Hodgkin
lymphoma: pooled results from 3 phase 2 trials.
Blood 2005;105:1891-7.

Teichmann LL, Woenckhaus M, Vogel C, et al. Fatal
Pneumocystis  pneumonia  following  rituximab
administration for rheumatoid arthritis. Rheuma-
tology (Oxford) 2008;47:1256-7.

Venhuizen AC, Hustinx WN, van Houte AJ, et al.
Three cases of Pneumocystis jirovecii pneumonia
(PCP) during first-line treatment with rituximab in
combination with CHOP-14 for aggressive B-cell
non-Hodgkin’s lymphoma. Eur J Haematol 2008;80:
275-6.

285



286

75.

76.

77.

78.

79.

Arnold et al

Verschuuren EA, Stevens SJ, van Imhoff GW,
et al. Treatment of posttransplant lymphoprolifera-
tive disease with rituximab: the remission, the
relapse, and the complication. Transplantation
2002;73:100-4.

Fianchi L, Rossi E, Murri R, et al. Severe infectious
complications in a patient treated with rituximalb for
idiopathic thrombocytopenic purpura. Ann Hematol
2007,86:225-6.

Helbig G, Stella-Holowiecka B, Krawczyk-Kulis M,
et al. Successful treatment of pure red cell aplasia
with repeated, low doses of rituximab in two patients
after ABO-incompatible allogeneic haematopoietic
stem cell ftransplantation for acute myeloid
leukaemia. Haematologica 2005;90(Suppl:ECR33).
Jung N, Owczarczyk K, Hellmann M, et al. Efficacy
and safety of rituximab in a patient with active rheu-
matoid arthritis and chronic disseminated pulmo-
nary aspergillosis and history of tuberculosis.
Rheumatology (Oxford) 2008;47:932-3.

Vieira CA, Agarwal A, Book BK, et al. Rituximab for
reduction of anti-HLA antibodies in patients awaiting
renal transplantation: 1. Safety, pharmacodynamics,

80.

81.

82.

83.

84.

85.

and pharmacokinetics.
542-8.

Vigna-Perez M, Hernandez-Castro B, Paredes-
Saharopulos O, et al. Clinical and immunological
effects of Rituximab in patients with lupus nephritis
refractory to conventional therapy: a pilot study.
Arthritis Res Ther 2006;8:R83.

Abatacept: (Orencia) [package insert]. Princeton
(NJ): Bristol-Myers squibb; 2008.

Genovese MC, Becker JC, Schiff M, etal. Abatacept for
rheumatoid arthritis refractory to tumor necrosis factor
alpha inhibition. N Engl J Med 2005;353:1114-23.
Schiff MH, Pritchard C, Huffstutter JE, et al. The
6-month safety and efficacy of abatacept in patients
with rheumatoid arthritis who underwent a washout
after anti-TNF therapy or were directly switched to
abatacept: the ARRIVE trial. Ann Rheum Dis 2008.
Stuve O, Bennett JL. Pharmacological properties,
toxicology and scientific rationale for the use of na-
talizumab (Tysabri) in inflammatory diseases. CNS
Drug Rev 2007;13:79-95.

Anakinra: (Kineret) [package insert]. Thousand Oaks
(CA): Amgen; 2008.

Transplantation 2004;77:



