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Cytomegalovirus reactivation during
alemtuzumab therapy for chronic lymphocytic
leukemia: incidence and treatment with oral
ganciclovir

Infections are a prominent feature in
patients with chronic lymphocytic
leukemia (CLL) because of the typical

immunosuppression induced by both the
disease itself and its treatment, this latter
being particularly relevant when patients
have received several chemotherapeutic reg-
imens. Alemtuzumab is a humanized IgG1
class of immunoglobulin which takes effect
activating both complement and antibody-
dependent cell-mediated cytotoxicity
(ADCC) against CD52 antigen, which is a
glycosylphosphatidylinositol-anchored gly-
coprotein expressed on all mature lympho-
cytes (and at especially high levels on many
malignant lymphocytes), monocytes and
spermatozoa, while it is not expressed by
hematopoietic stem cell progenitors.1 Sev-
eral published studies describe the efficacy
of alemtuzumab in previously treated CLL.
The dose is 10 or 30 mg three times a week

administered intravenously or subcuta-
neously for a variable time ranging from 6
weeks to 16 weeks.2-5 After alemtuzumab
administration the lymphocyte count falls
rapidly in the peripheral blood, reaching few
or no circulating lymphocytes at a median of
4 weeks after starting treatment. Cytomega-
lovirus (CMV) reactivation during alem-
tuzumab therapy has been described in var-
ious studies. In most of these studies the
CMV reactivation was detected by CMV DNA
in peripheral blood mononuclear cells
(PBMC) by polymerase chain reaction (PCR)
or by pp65 antigenemia.6 These studies
revealed a CMV reactivation rate of 16%-
33%, during the period of lymphocyte deple-
tion, with the period  of T-cell depletion
being particularly important; this is sup-
ported by the fact that the expression of
CD52 antigen is higher in normal T cells than
in normal B cells.2-4,6-8 Recently, the burden of
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Background and Objectives. Although alemtuzumab (campath-1H) has been success-
fully used in patients with untreated or previously treated chronic lymphocytic leukemia
(CLL), a variable incidence of cytomegalovirus (CMV) reactivation has been described. No
prospective reports currently provide results of the use of oral ganciclovir as pre-emptive
therapy in patients with CMV reactivation  during alemtuzumab treatment.

Design and Methods. We designed a prospective study in 12 patients with pretreated
CLL with the aim of evaluating the incidence of CMV reactivation during alemtuzumab
treatment and the role of oral ganciclovir as pre-emptive therapy and in preventing CMV
organ disease.

Results. In the 12 CLL patients being treated with alemtuzumab, 8 patients (66%) had
CMV reactivation, as detected by antigenemia and/or CMV DNA. No patient showed clin-
ical evidence of CMV disease. The alemtuzumab was discontinued and the patients were
immediately treated with oral ganciclovir 1000 mg tid. After a median of 14 days of
antiviral therapy all patients achieved negative CMV polymerase chain reaction (PCR)
assays and/or antigenemia. No patients showed further CMV reactivation up to the end
of the study.

Interpretation and Conclusions. CMV reactivaction, studied with periodic analysis of
antigenemia and PCR, is frequent in previously treated CLL patients receiving alem-
tuzumab therapy although only sporadic cases of CMV disease have been reported. Using
oral ganciclovir, the response to therapy was prompt, there was no progression to CMV
disease, and no relevant clinical toxicity, thus sparing unnecessary hospitalization. Oral
ganciclovir may be used as pre-emptive therapy in all patients who develop CMV reacti-
vation during alemtuzumab treatment.

Key words: chronic lymphocytic leukemia, alemtuzumab, CMV, pre-emptive therapy,
oral ganciclovir.
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CMV viremia during alemtuzumab therapy was evalu-
ated in patients with relapsed/refractory disease receiv-
ing famcyclovir prophylaxis; 15% of cases had
detectable CMV viremia at a median of 28 days after
the first dose of alemtuzumab, without clinical evidence
of CMV disease.9 In patients with lymphoid malignan-
cy, without specific prophylactic therapy, the probabil-
ity of CMV pneumonia following alemtuzumab treat-
ment was 0.6%.10

Furthermore, patients experiencing CMV reactivation
were successfully treated with oral ganciclovir.3 Oral
ganciclovir has been shown to be an effective prophy-
lactic agent against CMV in patients receiving renal or
liver transplant;11-12 on the other hand, there is only one
report in the literature regarding the use of oral ganci-
clovir as pre-emptive therapy.13 On this background, we
designed a prospective  study with the aim of evaluat-
ing the incidence of CMV reactivation during alem-
tuzumab treatment in patients with CLL as well as the
role of oral ganciclovir as pre-emptive treatment and
preventing CMV organ disease.

Design and Methods

Starting from November 2002, we used alemtuzum-
ab at a dose of 10 mg i.v. three times a week for 10
weeks  in 12 pre-treated CLL patients (8 males and 4
females). All patients had been previously treated with
at least two lines of chemotherapy (median 2.5; range
2-5), including chlorambucil, CHOP, COP, fludarabine,
autologous peripheral blood stem cell transplantation
(APBSCT), with or without immunotherapy with ritux-
imab. The median age of the patients was 61.5 years
(range 50-78 years). At the time of treatment five
patients were in stage B/II, six in stage C/IV and one in
stage A/progressive. The median lymphocyte count in
peripheral blood (PB) was 45,030/µL  (range 1,070-
14,8640/µL) and the median lymphocytic infiltration of
bone marrow (BM) aspiration was 80% (range 36-
93%). Before treatment with alemtuzumab the patients
had normal concentrations of T lymphocyte subsets and
immunoglobulin levels. The median total T-lymphocyte
count (CD3+ cells) was 1515/µL (range 908-5990/µL)
(normal values 1185-1540/µL), the median T-helper
lymphocyte count (CD4+ cells) was 796/µL (range 374-
1582/µL) (normal values 670-950/µL), and the median
T-suppressor lymphocyte count (CD8+ cells) was 549/µL
(range 192-1650/µL) (normal values 504-695/µL). The
concentration of IgG was 1080 mg/dL (range 503-1992
mg/dL) (normal values 800-1800 mg/dL), that of IgA
57 mg/dL (range 26-200 mg/dL) (normal values 70-400
mg/dL) and that of IgM 52 mg/dL (range 19-108 mg/dL)
(normal values 50-250 mg/dL). At baseline, all patients
had undetectable CMV-DNA and negative CMV anti-

genemia but were positive by serology. The planned pro-
phylaxis was oral acyclovir 800 mg tid and trimetho-
prim-sulfamethoxazole 960 mg bid for two consecutive
days a week, to be used from the start of alemtuzum-
ab to two months after the end of treatment. During
follow-up we assessed peripheral blood cell counts, liv-
er and kidney  function before each  administration of
alemtuzumab.

CMV reactivation surveillance 
Antigenemia and CMV DNA were studied weekly until

two months after alemtuzumab treatment had been
discontinued. CMV infection was monitored by the CMV
pp65 antigenemia assay (Light Diagnostics CMV pp65
Antigenemia IFA KIT, Chemicon International Inc.,
Temecula, USA), according to the manufacturer's
instructions. Positive results consisted of one or more
CMV antigen-positive cells per set of triplicate wells
(expressed as number of positive cells per 2×105 leuko-
cytes). Samples were referred as not evaluable when
there were insufficient leukocytes to perform the test.
The detection of CMV DNA in whole blood was per-
formed by amplification of two different genome
regions, the MIE gene and the gpB gene, as confirma-
tion of positivity.14,15 Consecutive  positive results were
evaluated quantitatively using a real-time automatic
PCR performed by Q-CMV AmplyMIX MIEA (Amplimed-
ical-BIOLINE, Turin, Italy) according to the manufac-
turer's instructions. Serial dilutions of CMV standard
(Q-CMV AmpliSTANDARD, Amplimedical-BIOLINE),
within the range of 10 to 106 copies/reactions, were
amplified in duplicate to generate a standard curve for
CMV quantification in clinical samples. The threshold
value was estimated at 200 copies/mL of whole blood.

Criteria for defining CMV reactivation and
disease

According to Leruez-Ville, CMV reactivation is defined
as the presence of at least one pp65 antigen-positive cell
per 100,000 leukocytes; however, in this study, the num-
ber of detectable CMV DNA copies, measured by real-
time PCR,  were used to make decisions about preemp-
tive therapy.16 CMV disease was diagnosed from the asso-
ciation of clinical symptoms  with virologic confirmation
of CMV infection of an organ (e.g. from bronchoalveo-
lar lavage fluid, cerebrospinal fluid, or biopsy of the
stomach, duodenum, brain, liver, heart or kidney).

Results

During alemtuzumab therapy, the PB lymphocyte
count rapidly decreased reaching values below 500/µL
at a median of 3 weeks (range 1-7 weeks) and remain-
ing so for 4 weeks (range 1-9) after the discontinuation
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of the treatment. Except for mild, common, infusion-
related side effects due to cytokine release (fever, chills,
rigor, rash, nausea and emesis, fatigue, headache, myal-
gia, diarrhea) observed during the first week, the
patients tolerated alemtuzumab treatment well. Two
patients developed severe neutropenia (PMN< 500 µL)
during the alemtuzumab treatment and required gran-
ulocyte-colony stimulating factor. No patients devel-
oped bacterial or fungal diseases. During the treatment
eight patients (66.6%) showed CMV reactivation: 1
patient was positive for antigenemia (CMV DNA not
done), 4 patients were positive for CMV DNA and anti-
genemia, and 3 patients were positive only for CMV
DNA, antigenemia being undetectable because of the
low white blood cell count. No patients showed clinical
evidence of CMV disease: in particular, we did not
observe fever, pneumonia or increased concentrations of
liver enzymes. CMV reactivation appeared after a medi-
an of 6 weeks (range: 4-8 weeks) of treatment when the
median PB lymphocyte count was 140/µL (range 40-

180/µL). The alemtuzumab and acyclovir prophylaxis
were discontinued and the patients were treated imme-
diately with oral ganciclovir 1000 mg tid. During treat-
ment with oral ganciclovir, CMV antigenemia and CMV
DNA were studied weekly until the indicator tests
became negative. After a median of 14 days (range 9-
19 days) of antiviral therapy all patients had achieved
negative   CMV PCR assays and undetectable antigen-
emia; oral ganciclovir was, therefore, discontinued and
the acyclovir prophylaxis and alemtuzumab treatment
were resumed. No significant myelotoxicity was
observed during the treatment with oral ganciclovir: the
median absolute neutrophil count was 1860 mm3 (range
1020-2890) and 1790 mm3 (range 900-2250) before
and at the end of oral ganciclovir treatment, respec-
tively. In the first two months after alemtuzumab dis-
continuation no patient showed further CMV reactiva-
tion in the weekly tests of CMV antigenemia and CMV
DNA. After a median follow-up of 8 months (range 2-
14 months) since the end of alemtuzumab therapy, we
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Table 1. Patients' characteristics.

Age/Sex Prior Disease Lymphocyte Week of Week of  PCR+ Lymphocytes at
chemotherapy status count CMV Ag+ (quantitative level)* CMV reactivation 

(per µL) (per µL)

51/m CHOP, CTX, APBSCT B/II 36000 6th week 6th week 120
Ag  n.e. PCR + (7,5×102)

78/m CHL, COP, Fludarabine C/IV 67280 8th week 8th week 180
Ag n.e. PCR +  (2×102)

61/f Fludarabine, Rituximab B/II 56830 6th week 6th week 140
Ag n.e. PCR + (2×102)

56/m CHL+PDN, C/IV 55110 4th week 4th week 180
Fludarabine, Ag+  (2 cells) PCR + (2,3×103)
Splenectomy

56/m CHL, Fludarabine, B/II 50490 7th week 7th week 700
CHOP Ag + (2cells) PCR + (1,2×103)

50/f Fludarabine, CTX B/II 32390 5th week 5th week 90
Ag + (3 cells) PCR + (4,3×104)

70/m CHL+PDN, CHOP, C/IV 148640 5th week 5th week 140
Fludarabine, Ag + (6 cells) PCR + (3,2×104)

Rituximab, RT

74/f CHOP, CHL C/IV 58470 7th week 7th week 40
Ag + (5 cells) PCR + (n.d.)

72/f CHL, CTX A/Progressive 39570 No No n.a.

57/m Fludarabine, CTX, C/IV 1070 No No n.a.
APBSCT, Rituximab, 

CHOP

62/m CHL, Fludarabine B/II 16400 No No n.a.

68/m CHOP, COP C/IV 10860 No No n.a.

n.e.: not evaluable; n.a.: not applicable; n.d.: not done; *viral copies/mL.
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have not observed any cases of CMV reactivation,
assessed monthly on the basis of CMV antigenemia and
PCR analysis of CMV DNA, or CMV disease.

Discussion

CMV reactivaction, studied with periodic analyses of
antigenemia and PCR, is frequent in previously treated
CLL patients on alemtuzumab therapy although only
sporadic cases of CMV disease have been reported. The
introduction of both prophylaxis and  pre-emptive ther-
apy, guided by close monitoring of CMV reactivation,
are probably responsible for the low incidence of CMV
disease with alemtuzumab.  Pre-emptive therapy with
intravenous ganciclovir or foscarnet, based on early
detection of CMV reactivation,  has become the most
commonly used strategy for preventing CMV disease
after allogeneic stem cell transplantation. This model
has rapidly been extended to patients on alemtuzum-
ab therapy but with some modifications tailored to the
different clinical setting. Oral ganciclovir was the drug
of choice because of its ease of administration and mild
side effects, although its  bioavailability is poor.9,10 More-
over, Razonable et al. showed the efficacy of oral gan-
ciclovir as pre-emptive therapy of CMV in liver trans-
plant recipients.13 All patients tolerated the orally
administered ganciclovir well, without nausea, vomit-
ing or gastrointestinal pain during its use. Oral admin-
istration of a drug is usually associated with lower over-
all costs, greater safety and convenience than is intra-
venous administration, and this may improve patients’
adherence to treatment and quality of life. In this study
we found a 66.6% rate of CMV reactivation during
alemtuzumab therapy and then prospectively evaluat-
ed the efficacy of oral ganciclovir from the day of CMV
reactivation, as detected by PCR and/or antigenemia
studies, until the disappearance of CMV. Oral ganci-
clovir was chosen on the basis of its ready availability;
furthermore, although valganciclovir has been recent-
ly reported to be safe and efficacious when given as a
single daily dose, its role in patients with CMV reacti-
vation after alemtuzumab therapy has not yet been
addressed.17 There is evidence in literature of a correla-
tion between CMV antigenemia and the results of real
time PCR assays for CMV DNA; Leruez-Ville' recently
found that the results obtained with the two techniques
were significantly correlated in 558 blood samples.16

Usually a low level of antigenemia was observed and in
3 patients antigenemia was not evaluable. CMV PCR
had, as expected, a higher sensitivity; furthermore,

when quantitative CMV PCR was used, a high number
of copies was detected in most of the patients, sug-
gesting that this method could be preferred to the clas-
sical CMV antigenemia test, at least in these patients.
(Table 1). In our experience (data not shown) and in
accordance with published data, the CMV DNA levels in
samples with positive antigenemia (from 1 to 10 cells)
were within the range of 200 to 130,000 copies/mL.16,18

A low level of CMV DNA associated with negative anti-
genemia or a not evaluable test because of insufficient
leukocytes may be related to the high sensitivity of  the
molecular assay. On the other hand, these values may
be interpreted as an early marker of CMV reactivation
and may be a predictor of subsequent CMV disease. In
fact, several studies showed that real-time PCR in blood
allowed CMV replication to be detected earlier than
CMV antigenemia.16,18-20 Whether patients showing only
CMV antigenemia and/or PCR positivity require specif-
ic antiviral therapy still remains questionable consider-
ing the very low incidence of CMV symptoms or CMV
disease. In a recent study of patients affected by lym-
phoid malignancies who were receiving a brief course
of alemtuzumab plus rituximab (maximum 4 weeks of
treatment), antiviral therapy was used only if positive
CMV antigenemia was concomitant with symptoms
although a precise definition is lacking. In that series
27% of patients developed CMV antigenemia and
among them 54% became symptomatic, but 69% of
patients still required antiviral treatment.21

We successfully used  oral ganciclovir in all patients
with CMV reactivation. The response was prompt and
there was no progression to CMV disease, no relevant
clinical toxicity and unnecessary hospitalization was,
therefore, avoided. Oral ganciclovir may be used as pre-
emptive therapy in all patients who develop CMV reac-
tivation (measured by antigenemia and/or PCR assay)
during alemtuzumab treatment in order to avoid pro-
gression to CMV disease. However, given the lack of
CMV disease and the lack of CMV reactivation once
negative assays  have been achieved, we then suggest
that the ganciclovir therapy is stopped and alem-
tuzumab therapy recommenced.
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