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Abstract 
Immunomodulating monoclonal antibodies are a relatively new
addition to the armamentarium of cancer therapeutics and have
been shown to improve clinical outcomes in patients with various
hematologic malignancies. Because of their targeted nature, these
agents are often believed to be less immunosuppressive than stan-
dard cytotoxic chemotherapeutic agents. A clear causal association
between an immunomodulating therapy and its infectious seque-
lae is often difficult to discern because of the burden of comorbid
illness, intrinsic immunosuppression from the underlying malig-
nancy, use in the salvage setting, and prior and concomitant use of
immunosuppressive agents in this patient population. This article
evaluates better-established and anecdotal infectious complica-
tions associated with major immunomodulating therapies used in
hematologic malignancy and hematopoietic stem cell transplanta-
tion, including rituximab, alemtuzumab, gemtuzumab ozogamicin,
infliximab, dacluzimab, and basiliximab. (JNCCN 2008;6:202–213)

Monoclonal antibodies to various specific cellular tar-
gets have become widely used over the past several years
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because of their impressive efficacy in treating many
hematologic malignancies. Although traditional sys-
temic cytotoxic chemotherapies lead to nonselective
immunosuppression and significant infectious com-
plications, monoclonal antibodies should theoreti-
cally cause fewer infectious sequelae because of their
highly targeted nature. This article describes the spe-
cific infections associated with each major im-
munomodulating monoclonal antibody used to treat
hematologic malignancies (Table 1). 

Rituximab
Rituximab is a chimeric murine–human monoclonal
antibody that targets the CD20 surface antigen ex-
pressed in high levels by most normal and malignant
B lymphocytes. It has been shown to improve clini-
cal outcomes of patients with CD20+ B-cell
non–Hodgkin’s lymphoma (NHL), and has been used
successfully to treat patients with chronic lympho-
cytic leukemia (CLL), HIV-associated NHL, and post-
transplant lymphoproliferative disorder (PTLD).

Rituximab induces cell lysis through various
mechanisms, including complement-dependent cy-
totoxicity, antibody-dependent cell-mediated cyto-
toxicity, and direct signaling of apoptosis. It is known
to cause a sustained depletion of peripheral blood B
lymphocytes soon after infusion, with recovery of
normal B-cell populations after 6 to 9 months.
Despite this depletion, rituximab has not been clearly
shown to cause a significant decrease in circulating
immunoglobulin levels, although it has been linked
to an impaired secondary humoral response to recall
antigens.1 Because of its specificity for CD20, ritux-
imab is not known to affect T-cell populations or
cell-mediated immunity.

In multiple randomized controlled trials of stan-
dard chemotherapy regimens with or without ritux-
imab for treating NHL, addition of rituximab was
shown to significantly improve clinical outcomes with
no detectable increase in infectious complications.2

In certain studies of patients with HIV-associated
NHL, addition of rituximab to standard chemother-
apy regimens was associated with increased infectious
complications, particularly in patients with CD4 cell
counts of less than 50 cells/µL. In pooled results from
3 phase II trials of patients with HIV-associated B-cell
NHL receiving rituximab in combination with cy-
clophosphamide, doxorubicin, and etoposide (CDE),

31% of patients developed grade III to IV infectious
complications, compared with 20% incidence reported
in prior studies of CDE alone in patients with HIV-
negative NHL and poor prognosis. The median CD4
count in this population was 161 cells/µL (range,
3–691). Despite prophylaxis with trimethoprim-
sulfamethoxazole and fluconazole, 10 (14%) devel-
oped serious opportunistic infections within 3 months
of finishing chemotherapy, including 3 cases of cy-
tomegalovirus (CMV) retinitis, 3 cryptosporidiosis, 2
pulmonary tuberculosis, 1 Pneumocystis jirovecii pneu-
monia (PCP), and 1 salmonellosis.3 In a phase III trial
of 150 patients with untreated CD20+ HIV-associated
NHL randomized to treatment with cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(CHOP) or CHOP with rituximab (R-CHOP), a sta-
tistically significant difference was seen in infectious
mortality: 14% in patients receiving R-CHOP and
2% in patients receiving CHOP (P = .035). Most in-
fections were not opportunistic, and only 1 death was
attributed to a fungal pneumonia; 60% of infectious
deaths occurred in patients with CD4 counts less than
50 cells/µL.4

A more recent phase II study of 61 patients with
HIV-associated NHL treated with R-CHOP used more
stringent exclusion criteria, excluding patients with
CD4 counts less than 100 cells/µL, prior opportunis-
tic infections, or poor performance status, and reported
a low rate of infectious complications, with 1 death
from septic shock and another from HIV encephalopa-
thy.5 Immunoglobulin levels were not measured in
these studies, but a single case report describes a pa-
tient with HIV-associated NHL who developed per-
sistent hypogammaglobulinemia after receiving
R-CHOP.6 The additive immunosuppression from
HIV-associated T-lymphocyte deficits and hypogam-
maglobulinemia may predispose this subpopulation of
patients to more severe infections.

Rituximab has been used to treat B-cell CLL in
several single-arm studies, often in combination with
fludarabine. A retrospective comparison of patients
in 2 trials of first-line therapy of B-cell CLL—the first
with fludarabine and rituximab and the second with
fludarabine alone—showed a significantly higher re-
sponse rate in the rituxan group, without an appre-
ciable difference in the rates of grade III to IV infection
or herpesvirus reactivation.7

Several viral infections have been reported in as-
sociation with rituximab. Humoral immunity and neu-
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Table 1 Established and Anecdotal Infectious Complications Associated with Monoclonal 
Antibodies Used in the Treatment of Hematologic Malignancy

Year of Relevant Established Anecdotal 
Monoclonal FDA FDA-Approved Off-label Infectious Infectious 
Antibody Target Approval Indications Uses Complications Complications

Rituximab CD20 1997 • Relapsed or refractory • CLL • Hepatitis B • Enteroviral 
low-grade or follicular • HIV-associated NHL reactivation meningoencephalitis
CD20+ B-cell NHL • Waldenström’s • Relapsing Babesia 

• First line treatment of macroglobulinemia microti infection
diffuse large B-cell, • ITP • PML
CD20+ NHL in combination • Cryoglobulinemia • CMV
with CHOP or other • VZV
anthracycline-based • Parvovirus B19
chemotherapy regimens • West Nile virus

• First-line treatment of 
follicular CD20+ B-cell 
NHL in combination 
with CVP chemotherapy

• Low-grade CD20+ B-cell 
NHL in patients with 
stable disease or partial or 
complete response after 
first-line CVP chemotherapy

• In combination with 
methotrexate, adults with 
moderate to severe 
rheumatoid arthritis with 
an inadequate response to 
anti–TNF-� therapies

Alemtuzumab CD52 2001 • B-cell CLL previously • First-line therapy • CMV • Adenovirus
treated with alkylating of CLL • IFI • Other respiratory 
agents, inadequate • NHL • PCP viruses (PIV-3, RSV)
response to fludarabine • HHV-6
therapy • PML

• Parvovirus B19
• Polyoma viruria

Gemtuzumab CD33 2000 • CD33+ AML in first • Bacteria
relapse for patients ≥ 60 • HSV
years, not candidates 
for cytotoxic 
chemotherapy 

Infliximab TNF-� 1998 • Crohn’s disease • Steroid-resistant • Tuberculosis • PCP
• Ulcerative colitis acute GVHD • Endemic fungi • Listeriosis

(infliximab) (histoplasmosis, • Nocardiosis
• Rheumatoid arthritis cryptococcosis, • VZV

Etanercept TNF-� 1999 • Juvenile rheumatoid coccidioidomycosis)
arthritis (etanercept) • IFI

• Plaque psoriasis • Sepsis
• Psoriatic arthritis

Adalimumab TNF-� 2002 • Ankylosing spondylitis

Daclizumab IL-2R/ 1997 • Prophylaxis of acute • Steroid-resistant • CMV • Toxoplasmosis
CD25 renal allograft acute GVHD • EBV-associated 

rejection PTLD
Basiliximab IL-2R/ 1998

CD25

Abbreviations: AML, acute myelogenous leukemia; CHOP, cyclophosphamide doxorubicin vincristine prednisone; CLL, chronic lymphocytic
leukemia; CMV, cytomegalovirus; CVP, cyclophosphamide vincristine prednisone; EBV, Epstein-Barr virus;  FDA, U.S. Food and Drug
Administration; GVHD, graft-versus-host disease; HHV-6, human herpesvirus-6; HSV, herpes simplex virus; IFI, invasive fungal infection; 
IL, interleukin; ITP, idiopathic thrombocytopenic purpura; NHL, non–Hodgkin’s lymphoma; PCP, Pneumocystis jirovecii pneumonia; 
PIV-3, parainfluenza virus-3; PML, progressive multifocal leukoencephalopathy; PTLD, post-transplant lymphoproliferative disorder; 
RSV, respiratory syncytial virus; TNF, tumor necrosis factor; VZV, varicella zoster virus.
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tralizing antibodies are believed to play an important
role in the containment of latent hepatitis B virus
(HBV) infection. Multiple reports describe reactivation
of latent HBV after rituximab therapy, especially in
patients with HBV surface antigen positivity before
chemotherapy, but also in those with isolated HBV
core antibody positivity.8 Fulminant hepatic failure
from HBV reactivation has been reported as late as 1
year after rituximab therapy.9 HBV surface antibody
titers have been shown to diminish or even disappear
soon after rituximab administration in some patients.10,11

Some reports have shown that patients receiving
lamivudine prophylaxis during rituximab-containing
chemotherapy regimens experienced no reactivation
of their latent HBV infection.11,12 However, escape mu-
tants have developed after rituximab therapy,13 includ-
ing a tyrosine-methionine-aspartate-aspartate (YMDD)
mutant strain that developed during lamivudine
monotherapy,14 which led to fulminant hepatic failure.
Assessment of HBV serologic status is important before
initiating rituximab therapy, as is regular surveillance
for patients at risk for HBV reactivation. Optimal treat-
ment strategy (prophylactic, preemptive, or early) and
regimen are not well-defined.

Humoral immunity is known to play an important
role in the containment of enteroviral infections. In
pediatric patients, X-linked agammaglobulinemia has
been associated with development of chronic en-
teroviral meningoencephalitis. Serious enteroviral
infections have been described after rituximab ther-
apy, including a patient with diffuse large B-cell NHL
who developed enteroviral encephalitis 7 months af-
ter treatment with R-CHOP. The patient had a mild
immunoglobulin G hypogammaglobulinemia and his
symptoms improved with intravenous immunoglob-
ulin, but he died of intercurrent infection.15 Two other
cases of enteroviral meningoencephalitis were de-
scribed in patients receiving rituximab, both with low
immunoglobulin G levels, and an identical strain of
echovirus 13 was isolated from successive cere-
brospinal fluid samples in 1 of these patients.16,17

Papovavirus infections have been linked to ritux-
imab therapy in rare case reports, although a causal re-
lationship remains uncertain. In patients undergoing
autologous hematopoietic stem cell transplantation
(HSCT), 2 cases of JC virus infection were reported
at 9 and 20 months after transplantation,18 soon after
peritransplant rituximab was added to an HSCT pro-
tocol. Both patients had relative CD4 lymphopenia

and previously underwent other immunosuppressive
therapy. BK virus–associated leukoencephalopathy
developed in a single patient soon after receiving rit-
uximab, although this patient also had a complicated
history of prior treatment for Hodgkin disease.19

Scattered reports exist of herpesvirus reactivation
and infection (CMV and herpes zoster) in patients re-
ceiving rituximab, often in combination with other
cytotoxic chemotherapies.18,20–22 Rituximab is also asso-
ciated with an inability to clear Babesia microti infec-
tion. In a case-control study of patients with persistent
babesiosis after a standard course of antimicrobial ther-
apy, 8 of 14 subjects had previously received rituximab-
containing chemotherapy regimens, including 3
patients who ultimately died of it.23 Parvovirus B19
with pure red cell aplasia24–26 and West Nile virus27,28

have also been linked to rituximab in case reports.
Much heterogeneity exists in rituximab dosing

regimens for many indications, and whether higher or
more frequent dosing strategies carry a greater infectious
risk is unclear from available evidence.

Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody
directed against CD52, a surface antigen expressed in
high levels by B-cell CLL and T-prolymphocytic
leukemia cells, along with normal B and T lym-
phocytes, monocytes, macrophages, and NK cells.
Alemtuzumab has been shown to destroy target cells
through antibody-dependent cellular cytotoxicity,
complement-mediated cytolysis, and induction of
apoptosis, with profound lympholysis and severe sus-
tained immunosuppression. CD4 and -8 T-cell counts
nadir approximately 4 weeks after alemtuzumab, and
median counts remain at less than 25% of their
baseline values until approximately 9 months
postchemotherapy.29 Alemtuzumab improves outcomes
in first-line and salvage therapy of CLL, T-cell pro-
lymphocytic leukemia, and NHL; as a component of
reduced-intensity HSCT conditioning; as induction
immunotherapy in solid organ transplantation; and
in the treatment and prophylaxis of graft-versus-host
disease (GVHD) in allogeneic HSCT recipients, but
has been associated with a wide spectrum of major
infectious complications.

High rates of standard and opportunistic infec-
tions and extremely delayed recovery of functional
immune status have been reported with alemtuzumab
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use in salvage therapy of refractory or relapsed CLL.
In a phase II study of alemtuzumab in 24 patients with
fludarabine-refractory disease, opportunistic infec-
tions, including PCP, invasive aspergillosis (IA), can-
didiasis, disseminated varicella-zoster virus (VZV),
mycobacterial infection, and CMV, developed in 10
patients (41.7%). Opportunistic infections were more
common in patients whose CLL did not respond to
alemtuzumab therapy than in those whose did. Patients
were shown to have profound CD4 and -8 depletion,
with nadir counts 4 weeks into therapy.30 Another
phase II study of alemtuzumab in 29 patients with re-
lapsed or refractory CLL also showed a high rate of
nonopportunistic and opportunistic infections, with
2 cases of PCP, 4 bacterial pneumonias, 11 (38%) lo-
calized herpes simplex virus (HSV) reactivations, and
4 cases of sepsis.31 Notably, these studies preceded the
routine use of PCP and herpesvirus prophylaxis in pa-
tients receiving alemtuzumab.

A larger multicenter study investigating the ben-
efit of alemtuzumab in patients with refractory or re-
lapsed B-cell CLL previously exposed to alkylating
agents in whom treatment with fludarabine failed, and
who received mandatory PCP and herpesvirus pro-
phylaxis, showed lower overall rates of grade III to IV
infection (26.9%) and opportunistic infection.32 Among
these patients, 10% developed sepsis, 8% experienced
CMV reactivation, and 6% experienced HSV reacti-
vation. Severe infections were less frequent in patients
whose CLL responded to alemtuzumab therapy. Only
7 patients developed opportunistic infections during
the study or within 30 days of alemtuzumab adminis-
tration (including 1 PCP, 1 IA, 1 rhinocerebral mucor-
mycosis, 1 invasive candidosis, and 1 cryptococcal
pneumonia). After 30 days, 4 patients developed VZV,
1 developed IA, and 1 developed Listeria meningitis.
Over the entire follow-up period, 11 infectious deaths
occurred. Patients were shown to have a profound de-
cline in their CD4 and -8 populations to less than
0.01% of their baseline values, with a nadir 4 weeks
after alemtuzumab treatment. Similar rates of non-
opportunistic and opportunistic infections, with a
relatively high incidence of CMV reactivation and
invasive fungal infections (IFI), have been described
in other studies of alemtuzumab in patients with re-
fractory CLL.33,34

A retrospective evaluation of 27 patients receiv-
ing alemtuzumab for lymphoproliferative disorders at
the authors’ institution (21 with CLL) also showed a

high rate of infectious complications, including 12
opportunistic infections in 9 patients (33%) and 30
nonopportunistic infections in 22 patients (82%).35

All patients were heavily pretreated with a median of
4 prior chemotherapy regimens, and all received PCP
and herpesvirus prophylaxis. The spectrum of oppor-
tunistic infections was diverse, with 3 cases of IA, 2
of pyomyositis and bacteremia, 1 of disseminated histo-
plasmosis, 1 of adenovirus pneumonia, 1 of progressive
multifocal leukoencephalopathy (PML), 1 of cerebral
toxoplasmosis, 1 of disseminated acanthamebiasis, and
1 of CMV pneumonitis and colitis. The median time
to development of opportunistic infections after start-
ing alemtuzumab was 169 days (range, 8–570). Of the
nonopportunistic infections, many were viral upper
respiratory infections, but 8 episodes of bacteremia or
sepsis (including 3 cases of fatal enterococcal sepsis),
6 pneumonias, 4 cellulitis, and 1 Clostridium difficile co-
litis occurred. Twelve patients (44%) developed asymp-
tomatic CMV reactivation and 7 of 10 deaths during
the follow-up period were attributed to infection.

Other retrospective studies of patients with re-
fractory lymphoproliferative disease treated with
alemtuzumab have confirmed high rates of CMV re-
activation. In one study, 15% of patients developed
symptomatic CMV viremia a median of 28 days
(range, 20–30) after alemtuzumab treatment, but un-
derwent successful preemptive therapy with ganci-
clovir, without subsequent CMV disease. A trend was
seen toward prior rituximab use as a risk factor for
CMV viremia (relative risk, 5.3 [0.89–32; P = .07]).36

Another study of patients with previously treated
CLL receiving alemtuzumab showed a high propor-
tion (66%) of asymptomatic CMV reactivation, al-
though no patients progressed to CMV disease with
preemptive valganciclovir therapy.37

A trial of patients with CLL in first remission ran-
domized to consolidation therapy with alemtuzumab or
placebo was closed prematurely because of a high rate
of severe infections in the alemtuzumab arm. In the
alemtuzumab group, 7 of 11 patients (64%) developed
opportunistic infections, including IA, tuberculosis re-
activation, and a wide range of herpesvirus infections
(e.g., HSV, human herpesvirus 6, CMV, VZV) despite
herpesvirus prophylaxis with famciclovir.38

Infectious rates did not differ significantly from
those of alemtuzumab treatment alone in patients re-
ceiving alemtuzumab and rituximab for refractory or re-
lapsed lymphoproliferative disorders; 52% of patients
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developed an infection and 24% developed CMV
antigenemia, of which 54% were symptomatic.39

Alemtuzumab in conjunction with fludarabine is highly
active in treating refractory CLL,40 but their cumula-
tive infectious toxicities have not been defined.

Alemtuzumab has also been used effectively in
first-line therapy of CLL, with lower rates of CMV
reactivation and opportunistic infection than in pa-
tients with refractory CLL, possibly because of a lack
of exposure to other cytotoxic chemotherapies. Of 9
patients with progressive CLL receiving alemtuzumab
as first-line therapy, 1 developed CMV reactivation
and pneumonitis.41 In a phase II study of alemtuzumab
in first-line treatment of 41 patients with symptom-
atic CLL, 10% developed CMV reactivation and
none developed CMV disease. One patient who was
unable to receive PCP prophylaxis because of allergy
developed PCP.42

Prolonged T-cell lymphopenia lasting up to 320
days after completion of therapy has been shown
with alemtuzumab therapy in patients with refractory
T-cell prolymphocytic leukemia, accompanied by the
expected spectrum of infections: cryptococcal menin-
gitis, fungal pneumonia, CMV reactivation, and VZV.43

Infections, including opportunistic infections, seem
to be less frequent in this population than in patients
with underlying CLL.44

Alemtuzumab is effective in treating a subset of pa-
tients with refractory or relapsed NHL and is associ-
ated with a similar range of infectious complications,
as in patients with CLL. In an early phase I/II study
of 18 patients with relapsed NHL who did not receive
routine PCP or herpesvirus prophylaxis, 1 patient de-
veloped PML and 1 PCP.45 In a phase II study of 50
patients with relapsed or resistant low-grade NHL re-
ceiving alemtuzumab, those with peripheral T-cell
lymphoma (PTCL) had the greatest response to ther-
apy. Localized HSV infection developed in 22 patients
(44%), 7 patients developed opportunistic infections
(3 CMV pneumonitis, 2 IA, 1 tuberculosis, 1 PCP),
9 developed septicemia, and 7 developed non-PCP
pneumonia.46 Further studies of alemtuzumab in PTCL
showed similar efficacy and infectious complications,
with significant CMV reactivation, and several cases
of IA and tuberculosis.47,48 In a prospective multicen-
ter study of 24 patients with PTCL treated with CHOP
and alemtuzumab, a relatively low rate of CMV reac-
tivation (9%) was seen, but several bacterial infec-
tions and opportunistic infections occurred despite

itraconazole and herpesvirus prophylaxis and regular
galactomannan antigen surveillance.49

Rates of CMV are high in studies of alemtuzumab
for GVHD prophylaxis. In a comparison of patients
enrolled in 2 prospective studies of HSCT for chronic
lymphoproliferative disorders, a prophylactic regi-
men of fludarabine, melphalan, cyclosporine A, and
alemtuzumab was associated with a higher incidence
of CMV reactivation (85%) than cyclosporine and
methotrexate (24%, P < .001), although patients had
a markedly lower incidence of acute and chronic
GVHD.50

Alemtuzumab reduces GVHD and graft rejection
in conditioning regimens for nonmyeloablative allo-
geneic HSCT, but is also associated with high rates
of CMV reactivation. At the authors’ institution, 
a trend was seen toward more CMV infections in pa-
tients who received alemtuzumab undergoing HSCT
(6 of 9 [66%]) than in matched patients undergoing
HSCT who did not receive alemtuzumab (10 of 27
[37%]); P = .15).35

In patients with acute myelogenous leukemia
(AML) and myelodysplastic syndromes (MDS) un-
dergoing fludarabine, busulfan, and alemtuzumab
conditioning for HSCT, a 59% cumulative 1-year
CMV incidence occurred in recipient-seropositive,
donor-seronegative patients. Within the 3 months be-
fore conditioning, 18% of patients had IA infections
and received AmBisome therapy through the trans-
plantation period, whereas the remainder received
itraconazole prophylaxis, with only 1 case of IA dur-
ing the study period. Of the 4 nonrelapse deaths, 1
was attributed to adenovirus, 1 to respiratory syn-
cytial virus, and 1 to Epstein-Barr virus (EBV)–
associated PTLD.51 In another study of patients with
AML and MDS receiving fludarabine, melphalan, and
alemtuzumab conditioning for nonmyeloablative
HSCT, 29% of patients developed CMV reactivation,
with 1 case of CMV pneumonitis, and no patients de-
veloped IFIs.52 In a study of 101 patients undergoing
nonmyeloablative allogeneic HSCT with fludara-
bine, melphalan, and alemtuzumab conditioning, 51
(50%) patients developed CMV reactivation at a me-
dian of 27 days (range, 7–240); 92% of recipient-and
donor-seropositive patients and 78% of recipient-
seropositive, donor-seronegative patients developed
CMV reactivation. CMV reactivation was more com-
mon in unrelated donor HSCT. Three patients (6%
of patients at risk for CMV) developed definite CMV
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disease (2 CMV pneumonitis and 1 enteritis) and 2 pa-
tients had possible CMV-related mortality; all 5 pa-
tients died despite monitoring and preemptive therapy.
T-cell subset recovery was monitored regularly in 48
patients, and all experienced a recovery to 200 CD4
cells/µL at a median of 9 months.53 Another study of
patients receiving alemtuzumab as part of HSCT con-
ditioning showed a 60% cumulative incidence of CMV
infection at 1 year, with a median reactivation time
of 24 days (range, 5–95), but only 1 patient developed
CMV disease (colitis).54

Patients receiving alemtuzumab as part of HSCT
conditioning have been shown to have an increased
incidence and severity of adenovirus infections, with
a higher frequency of adenovirus infection associated
with lower absolute lymphocyte counts (ALC). Of
patients receiving alemtuzumab in vivo, 40% devel-
oped probable or definite adenovirus disease and 2 pa-
tients died of fulminant hepatic adenovirus infection.
Of 7 patients with an ALC less than 300/µL, 6 devel-
oped adenovirus disease compared with no patients
with an ALC greater than this value. The median
CD4 T-cell count was 30 cells/µL (range, 0–90) in 3
patients who developed adenovirus disease, and 155
cells/µL in patients who remained asymptomatic and
cleared the virus.55 In another study, 18.4% of patients
undergoing conditioning with alemtuzumab devel-
oped adenovirus disease; 5 patients with adenovirus
disease were unable to undergo tapering of their im-
munosuppression, and all died of progressive ade-
novirus disease within 6 weeks of onset of clinical
symptoms. ALC at disease onset was significantly lower
in patients who died (122 +/− 113 cells/µL) than in
those who survived (447 +/− 393 cells/µL; P = .01).56

Alemtuzumab conditioning has also been asso-
ciated with viral upper respiratory infections. In 
a retrospective assessment of 83 patients conditioned
with fludarabine, melphalan, and alemtuzumab, 35
respiratory virus infections occurred in 25 patients
(30.1%) at a median of 123 days (range, 1–561) from
onset of therapy; 16 of these episodes (46%) were
parainfluenza-3, 13 (37%) were respiratory syncytial
virus, 5 (14%) were influenza A/B, and 1 was parain-
fluenza-1. Among these, 54% progressed to lower res-
piratory tract infection, but mortality was attributable
to lower respiratory infection in only 2 patients.57

In one series, 11.6% of patients receiving alem-
tuzumab conditioning developed symptomatic human
herpesvirus-6 encephalitis at a median of 60 days

(range, 41–103), presenting with amnesia and seizures.
All patients had received various immunosuppressants
for acute GVHD. Patients received foscarnet with im-
provement, except for 1 patient who died of progres-
sive encephalopathy and was found to have extensive
bilateral loss of hippocampal neurons at autopsy.58

Other viral illnesses with reported associations
with alemtuzumab include polyoma viruria,59 HBV
reactivation,60 and pure red cell aplasia secondary to
parvovirus B19 infection.61,62

When alemtuzumab is used, preventative strate-
gies for herpesviruses, tuberculosis, and PCP should
be established and a careful assessment performed of
patient-specific infectious risk factors, such as prior
infections or geographic exposures. 

As with rituximab, a marked variability exists in
alemtuzumab dosing regimens. Whether higher or
more frequent dosing strategies carry a greater infec-
tious risk is also not well defined by available data.

Gemtuzumab
Gemtuzumab ozogamicin (GO) is a humanized anti-
CD33 antibody conjugated to calicheamicin, a potent
antitumor antibiotic that cleaves double-stranded DNA
at specific sequences. Approximately 90% of patients
with AML have myeloid blast cells that express CD33
surface antigen, as do normal hematopoietic progeni-
tor cells. The GO complex is internalized by target
cells and the toxin is released intracellularly by hydro-
lysis. It has been shown to improve outcomes in patients
aged 60 years or older with CD33+ AML in first relapse
who are not candidates for cytotoxic chemotherapy.
Major toxicities are prolonged myelosuppression and
possibly an increase in veno-occlusive disease after
HSCT; the spectrum of infectious complications is
largely associated with the depth and duration of
neutropenia.

In 3 pooled phase II studies of 142 patients with
AML in first relapse undergoing GO monotherapy,
97% of patients developed grade III to IV neutrope-
nia, with a mean time to absolute neutrophil count re-
covery to greater than 500/µL of approximately 40
days in patients with a clinical response to GO. Among
40 (28%) patients who developed grade III to IV in-
fections, the most frequent were sepsis (16%) and
pneumonia (7%).63 In a report of 277 patients with
CD33+ AML in first recurrence treated with GO,
98% developed grade III to IV neutropenia, with
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sepsis in 17% and pneumonia in 8%; 13 of 44 deaths
within 28 days of GO administration were attributed
to infection.64

Anti–Tumor Necrosis Factor Antibodies
Infliximab and adalimumab are monoclonal antibod-
ies directed against tumor necrosis factor α (TNF-α).
Infliximab, adalimumab, and a third anti–TNF-α
agent, etanercept, which is a soluble TNF receptor,
are effective therapies for multiple inflammatory con-
ditions, including advanced Crohn’s disease and
rheumatoid arthritis. Infliximab and etanercept have
also been used to treat steroid-refractory GVHD.

TNF-� plays a vital role in multiple aspects of
cell-mediated immunity, including host resistance to
intracellular infectious agents, formation of granulo-
mas, differentiation of monocytes into macrophages,
and recruitment of neutrophils and macrophages.
Interference with TNF-α carries significant infectious
risks, especially latent infections contained by an in-
tact cell-mediated immune system, such as tuberculo-
sis, nontuberculous mycobacteria, IA, candidiasis,
endemic fungi, listeriosis, and nocardiosis.

The overall incidence of serious infections in
patients receiving infliximab is 5.2 to 6.2 per 100
patient-years based on national registry data from
the United Kingdom and Germany. The relative risk
for tuberculosis has been estimated at 4.1 based on
Swedish national registry data.65 In patients with
rheumatoid arthritis, a recent meta-analysis has
shown an odds ratio of 2.0 (95% CI, 1.3–3.1) for se-
rious infection and 3.3 (95% CI, 1.2–9.1) for malig-
nancy in those receiving anti–TNF-α antibodies
compared with those receiving placebo.66 Of the 126
serious infections in this population, only 12 were
granulomatous infections. In the FDA adverse event
reporting system, granulomatous infections were
more common in patients receiving infliximab
(239/100,000) than etanercept (74/100,000).67

TNF-� has been implicated in the pathogenesis
of acute GVHD after allogeneic HSCT, and inflix-
imab and etanercept have been used successfully to
abate the cytokine storm associated with steroid-refrac-
tory acute GVHD. This population is inherently at
high risk for IFIs because of its loss of gastrointestinal
barrier integrity and concomitant heavy immunosup-
pression, and the addition of potent immunomodu-
lating therapy further increases this risk. In a series of

11 patients with acute steroid-refractory GVHD, only
2 with diarrhea from acute gastrointestinal GVHD
experienced symptomatic improvement and survived.
Two patients had IA before initiation of infliximab,
and 6 of 11 patients (55%) died with an active IFI.68

In a retrospective evaluation of 264 patients who un-
derwent allogeneic HSCT, 53 (20%) developed grade
III to IV GVHD. Of these, 11 (21%) were treated
with infliximab, and 5 developed an IFI (including
IA and zygomycosis) compared with 5 of 42 patients
who were not treated with infliximab. No significant
difference was seen in the cumulative steroid dose be-
tween the groups. In a Cox regression model, the ad-
justed hazard ratio of infliximab exposure for IFI was
13.6 (95% CI, 2.29–80.2; P = .004).69 In a retrospec-
tive evaluation of 134 patients with steroid-refractory
GVHD, 21 received infliximab therapy, of whom 10
(48%) developed 18 fungal infections, including 7 IA
and 11 Candida infections. This study also described
a total of 45 bacterial infections in 17 patients (81%)
and 24 viral infections in 14 patients (67%), prima-
rily CMV reactivation.70 Etanercept, which is known
to be a less-potent TNF-� inhibitor than infliximab,
has also been studied in the treatment of steroid-re-
fractory acute GVHD, with reported rates of CMV
reactivation as high as 48%, fungal infection 19%, in-
cluding IA and esophageal candidiasis, and 19% bac-
terial infection.71 In a phase II study of steroid-resistant
acute GVHD treated with dacluzimab and etanercept,
62% had CMV reactivation, and 52.3% died of in-
fectious complications.72

Anti–Interleukin-2R�� Antibodies
Daclizumab and basiliximab are anti–interleukin
(IL)-2Rα antibodies, which bind to the IL-2 receptor
expressed on activated T lymphocytes, with compet-
itive inhibition of IL-2 binding and abatement of
IL-2–mediated lymphocyte proliferation, differentia-
tion, and cytokine release. These antibodies eliminate
antigen-specific alloreactive T cells, with blunting of
the response to antigenic challenges, and are approved
for prophylaxis of renal allograft rejection. Both have
been used to treat steroid-refractory GVHD with sig-
nificant infectious complications, comparable to other
therapies for it.

Patients receiving daclizumab for steroid-refractory
acute GVHD have high rates of infectious mortality, al-
though the underlying disease and its prior therapies
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carry an extremely high risk for infectious complica-
tions, and very little of the infectious risk may be attrib-
utable to daclizumab itself. The incidence of
EBV-associated PTLD and toxoplasmosis seems higher
than expected in this population. In one study of 43
patients with steroid-refractory GVHD, 3 developed
EBV-associated PTLD during or after daclizumab treat-
ment, all of which received a T-cell depleted HSCT
from unrelated donors. Ten patients died of GVHD and
infection and 7 of infection (not further defined).73 In
another small study, 14 of 16 patients who received da-
clizumab for steroid-refractory GVHD developed in-
fectious complications, including 9 with CMV
reactivation (4 CMV colitis), 1 toxoplasmosis, 12 sep-
sis, and 1 IA. Three infection-related deaths occurred
during the study period.74 In another study, daclizumab
was associated with an 87% rate of CMV reactivation,
a 42% rate of respiratory viral infections, including a fa-
tal case of parainfluenza-3 infection, and 1 case of EBV-
associated PTLD.75 In a retrospective evaluation of 57
patients who received daclizumab for steroid-refractory
acute GVHD, 54 (95%) patients developed an infec-
tion within 6 months of initiating daclizumab therapy,
with high infection-associated mortality. Additionally,
50 (88%) had a bacterial infection, 29 (51%) had fun-
gal infections, and 30 (53%) had viral infections; 35%
developed CMV reactivation; 38 (67%) developed an
IFI (7 IA, 19 candidiasis, 10 other yeast, 1 Scedosporium
apiospermum, 1 Cunninghamella); and 4 developed
EBV-associated PTLD. Other opportunistic infections
of interest included 1 toxoplasmosis, 1 nocardia, 1 tu-
berculosis, 3 non–tuberculosis mycobacteria, 2 aden-
ovirus, 4 respiratory syncytial virus, and 3 BK virus.76

Limited data on basiliximab for steroid-refractory
acute GVHD show a comparable rate and range of
infectious complications to daclizumab. In a retro-
spective evaluation of 34 patients, 19 infectious deaths
occurred, 8 from bacterial sepsis, 4 from CMV and 6
IFI.77 In a prospective phase II study of basiliximab for
steroid-refractory acute GVHD, 15 of 23 (65%) pa-
tients developed infections, 10 of which were bacte-
rial, with 4 deaths from sepsis; 5 experienced CMV
reactivation, 2 developed IFI, and 1 developed cere-
bral toxoplasmosis.78

Conclusions
The emergence of targeted immunotherapies has 
allowed experts to perform immunologic surgery and

extend potentially lifesaving therapies to patients.
The immunologic consequences are salutary for the 
underlying disease process but may expose patients 
to novel primary infections and reactivations of 
latent infections. Defining the infectious complica-
tions associated with different targeted immunother-
apies may provide a better understanding of the host
defenses required to control certain pathogens and
develop more effective prophylactic and monitoring
strategies.
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Infectious Complications in the Treatment of Hematologic Malignancy

1. Which one of the following is the most likely ac-
tion of rituximab when used for hematologic ma-
lignancies?
A. Depletion of T cells
B. Depletion of peripheral blood B lymphocytes
C. Reduction in circulating immunoglobulin

levels
D. Impairment of cell-mediated immunity

2. Which one of the following is most likely to be the
US Food and Drug Administration (FDA)-
approved indication for use of alemtuzumab for
hematologic malignancies?
A.B-cell chronic lymphocytic lymphoma (CLL)
B. Non-Hodgkin’s lymphoma
C. Hodgkin’s lymphoma
D. Cryoglobulinemia

3. The prevalence of opportunistic infections associ-
ated with alemtuzumab is best described by which
one of the following?

A. 10%
B. 20%
C. 30%
D. 40%

4. Which one of the following is the most likely
major toxicity reported for gemtuzumab?
A. Bleeding tendency
B. Aspergillosis
C. Prolonged myelosuppression
D. Candidiasis

5. Which one of the following best describes the 
incidence of serious infections in patients receiv-
ing infliximab on the basis of national registry
data from the United Kingdom and Germany?
A. 1.0-2.0 per 100 patient-years
B. 2.1-3.1 per 100 patient-years
C. 5.2-6.2 per 100 patient-years
D. 10.0-12.0 per 100 patient-years
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Immunomodulating Monoclonal
Antibodies and Hematologic
Malignancies
To obtain credit, you should first read the journal article.
After reading the article, you should be able to answer 
the following, related, multiple-choice questions. To com-
plete the questions and earn continuing medical 
education (CME) credit, please go to http://www.med-
scape.com/cme/jnccn. 

Credit cannot be obtained for tests completed on pa-
per, although you may use the worksheet below to keep a
record of your answers. You must be a registered user on
Medscape.com. If you are not registered on Medscape.com,
please click on the New Users: Free Registration link on the
left hand side of the website to register.

Only one answer is correct for each question. Once you
successfully answer all post-test questions you will be able to

view and/or print your certificate. For questions regarding the
content of this activity, contact the accredited provider,
CME@medscape.net. For technical assistance, contact
CME@webmd.net.  

American Medical Association’s Physician’s
Recognition Award (AMA PRA) credits are accepted in the
US as evidence of participation in CME activities. For fur-
ther information on this award, please refer to
http://www.ama-assn.org/ama/pub/category/2922.html. The
AMA has determined that physicians not licensed in the
US who participate in this CME activity are eligible for
AMA PRA Category 1 Credits™. Through agreements that
the AMA has made with agencies in some countries, AMA
PRA credit is acceptable as evidence of participation in
CME activities. If you are not licensed in the U.S. and want
to obtain an AMA PRA CME credit, please complete the
questions online, print the certificate and present it to your
national medicalassociation.

Activity Evaluation
1. The activity supported the learning objectives.

Strongly Disagree Strongly Agree
1 2 3 4 5

2. The material was organized clearly for learning 
to occur.

Strongly Disagree Strongly Agree
1 2 3 4 5

3. The content learned from this activity will impact
my practice.

Strongly Disagree Strongly Agree
1 2 3 4 5

4. The activity was presented objectively and free of
commercial bias. 

Strongly Disagree Strongly Agree
1 2 3 4 5
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