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Risk factors for the development of cytomegalovirus
disease after allogeneic stem cell transplantation

Per Ljungman
Lena Perez-Bercoff
Jerker Jonsson
Gayane Avetisyan
Elda Sparrelid
Johan Aschan
Lisbeth Barkholt
Kajsa Larsson
Jacek Winiarski
Zhibing Yun

Olle Ringdén

Background and Objectives. Cytomegalovirus (CMV) disease remains an important compli-
cation of allogeneic stem cell transplantation (SCT). We studied viral load kinetics and cor-
related the viral load and other transplant factors with the development of CMV disease.

Design and Methods. We studied 162 consecutive patients who were CMV seroposi-
tive or had CMV seropositive donors. Quantification of CMV DNA was performed by
real-time polymerase chain reaction.

Results. CMV DNA detected was detected in 105 of the 162 patients. The mean peak
viral loads were similar at first and subsequent reactivations. The serologic status of
the donors and recipients prior to SCT significantly influenced the viral load. The cumu-
lative incidence of CMV disease was 1.8% at 100 days and 6.3% at 365 days after
SCT. The peak viral load were higher in patients who developed CMV disease than in
patients without CMV disease (logw 3.5; SE £ 0.26/200,000 cells vs. logw 2.7; SE £
0.09/200,000 cells; p=0.02). However, in multivariate analysis, only acute graft-ver-
sus-host disease (GVHD) grade II-IV and a graft from a CMV-negative donor to a CMV-
positive patient were significant risk factors for CMV disease. In patients who required
more than one course of pre-emptive therapy, acute GVHD and the rate of decrease in
viral load during first pre-emptive therapy were significant risk factors for subsequent
development of CMV disease.

Interpretation and Conclusions. A decrease in viral load during pre-emptive therapy is

an important factor for later development of CMV disease.
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iremia is a well-recognized risk factor
.\ / for cytomegalovirus (CMV) disease
after allogeneic stem cell transplanta-
tion (SCT) and the strategy of pre-emptive
antiviral therapy has been shown to reduce
the risk of CMV disease."” Different diag-
nostic techniques have been used to detect-
ed CMV, including shell vial culture, pp65
antigenemia, qualitative and quantitative
polymerase chain reaction (PCR) analyses
for CMV DNA, and detection of CMV
mRNA."*% Viral load kinetics has been
reported to be predictive for the develop-
ment of CMV disease with the initial viral
load and the initial rate of increase in viral
load being independent risk factors.” During
recent years new techniques that have been
introduced in stem cell transplantation, such
as grafts of peripheral blood stem cells and
reduced intensity conditioning, have partly
changed the timing of immune reconstitu-
tion after SCT and thereby might have
changed the predictive value of viral load
kinetics. The aims of this study were to ana-
lyze the effects of different pre-transplant
related factors on viral load and the effects
of the viral load and viral load kinetics on
the risk of CMV disease in a series of con-
secutive allogeneic SCT recipients.
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Design and Methods

Patients

One hundred and sixty-two consecutive
patients  transplanted at Huddinge
University Hospital between January 1,
2000, and December 31, 2003 were
included in the study. The patients were
CMV-seropositive or had received stem
cells from CMYV seropositive donors. The
study was approved by the ethical com-
mittee at Huddinge University Hospital.
The patients’ characteristics are shown in
Table 1.

Stem cell transplant procedure

The conditioning regimens have been
previously described.”"” Myeloablative
regimens were given with either 12 Gy of
fractionated total body irradiation com-
bined with cyclophosphamide 60 mg/kg
for two consecutive days or busulphan 4
mg/kg on 4 consecutive days combined
with cyclophosphamide 60 mg/kg for 2
consecutive days. All patients with an
unrelated or mismatched related donor
were treated with antithymocyte globulin
(ATG; 2-5 mg/kg per day) for 2 to 5 days



before transplantation. The standard reduced intensi-
ty regimen was fludarabine (30 mg/m*/day) for 6
days, combined with 4 mg/kg/day of busulphan for
2 days and ATG (2 mg/kg/day) for 4 days but other
regimens were also used."

Graft-versus-host disease prophylaxis and therapy (GVHD)

The vast majority of the patients received cyclo-
sporine A combined with four doses of methotrex-
ate."" Cyclosporine A was discontinued after 3
months (sibling donors) or 6 months (unrelated or
mismatched donors), if possible. Both acute and
chronic GVHD were diagnosed based on clinical
symptoms and/or biopsy samples from skin, liver,
gastro-intestinal tract, or oral mucosa. Patients were
treated for grade I acute GVHD with prednisolone
starting at a dose of 2 mg/kg/days, which was then
tapered down after the initial response. In more
severe cases, methylprednisolone, ATG, methotrex-
ate, and/or psoralen and ultra-violet A (PUVA) or
extracorporeal PUVA was given. Several strategies
were used to treat extensive chronic GVHD, includ-
ing prednisolone, cyclosporine A, and prednisolone
on alternate days, mycophenolate mofetil, PUVA or
extracorporeal PUVA, thalidomide, or total lymph
node irradiation.

Supportive care and treatment

Prophylaxis against infections included the oral
ciprofloxacin, oral amphotericin B, and acyclovir dur-
ing the neutropenic phase.” Most patients were
treated in hospital using reversed isolation. However,
some patients living within a 2-hour drive from the
hospital were treated at home" and some patients
receiving reduced conditioning regimens were treat-
ed as outpatients. Cotrimoxazole was administered
as prophylaxis against P, jirovecci during conditioning
until 2 days before transplantation, restarted after
engraftment and continued for at least 6 months.
Patients with chronic GVHD received prolonged pro-
phylaxis with cotrimoxazole.

Monitoring for CMV

The patients were monitored at least once weekly
from engraftment until day 100 after SCT. Following
this period, patients who had experienced CMV
reactivation or had severe GVHD continued to be
monitored weekly while other patients were moni-
tored at each visit to the transplant center (usually
every 2 weeks) until 6 months after SCT.

Quantitative PCR for CMV DNA

The quantitative real-time PCR used for quantifica-
tion of CMV DNA from peripheral blood lympho-
cytes has been previously described.” CMV disease
was defined according to Ljungman et al.”

Pre-emptive antiviral therapy

Preemptive therapy with either intravenous ganci-
clovir or foscarnet was given as described by Reusser
et al.”® Although different triggers for initiating thera-

CMV viral load monitoring in SCT patients

Table 1. Patients’ characteristics.

Characteristic
Median age (range) 38.4 (0.5-64.5)
Underlying disease
Acute myeloid leukemia 52
Acute lymphocytic leukemia 24
Chronic myeloid leukemia 21
Myelodysplastic syndrome 17
Lymphoma including chronic lymphocytic leukemia 15
Myeloma 9
Severe aplastic anemia 8
Solid tumors 6
Others 10
Donor type
Matched sibling 64
Unrelated 93
Mismatched family 5
Stem cell source
Bone marrow 50
Peripheral blood stem cells 109
Cord blood 3
Conditioning
Myeloablative 97
Reduced 65
CMV serological status
Donor +/recipient + 82
Donor -/recipient + 59
Donor +/recipient - 21

py were used during this study. During a randomized
study between PCR and detection of late mRNA
(NASBA), therapy was initiated either after detection
of at least 10 copies of CMV DNA/200,000 cells in
two consecutive samples or detection of mRNA in
one sample.” After May 1, 2002 a viral load of 100
genome copies/200,000 cells in one sample was used
as the basis for initiating pre-emptive antiviral thera-
py. Treatment was given for 2 weeks at full dose
(usually ganciclovir 5 mg/kgx2) and if CMV was
above 10 or 100 genome copies, respectively, therapy
was given as maintenance for another 2 weeks (6 mg
kgx1) as previously reported.®* Repeated courses
were given as necessary based on a new episode of
CMV DNAemia/RNAemia. For the purpose of this
study, a second reactivation had to be preceded by
negative monitoring results for at least 8 days in the
absence of antiviral therapy.

Statistics

All viral load results were transformed to loguw val-
ues. The kinetics of viral load changes during the first
reactivation was calculated as the logw of the first
positive sample — a nominal logw value of 0.699 was
ascribed to the last previous negative sample divided
by the number of days between the two samples.’
The kinetics of viral load changes during the first
course of antiviral therapy was calculated as the loguo
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viral load at initiation of antiviral therapy — the logu
viral load of the last sample before antiviral therapy
was discontinued divided by the number of days of
antiviral therapy. t-tests were used for comparing
viral loads. Multivariate logistic regression analysis
was used to evaluate the effects of different factors
on the risk of CMV disease. Factors with a p value of
<0.1 were included in the multivariate analyses. The
cumulative incidence for CMV disease was calculat-
ed using death and relapse as competing risks.

Results

CMV replication

CMV DNA was detected by PCR at least once in
105 of the 162 (65.0%) patients. The mean time
between SCT and the first positive PCR was 26 days.
There was no impact on the time to first positive
PCR according to the source of stem cells, reduced
intensity or standard conditioning, donor type, or the
donor/recipient serostatus combinations. Re-
activation occurred once in 69 patients, twice in 31
and three times in five patients. The mean peak viral
loads were similar in the first CMV reactivation
(mean logio DNA copies 2.7+0.08) and subsequent
reactivations (2.7+0.12 for the second reactivatios
and 2.8+0.07 for the third reactivation). There was a
strong correlation between the viral load in the first
positive sample and the peak viral load (r=0.89;
p<0.0001). There was no difference in overall sur-
vival between patients who did or a did not have a
CMV reactivation (65% vs. 63% at 12 months after
SCT; p=ns).

The monitoring strategy used influenced the peak
viral loads. Patients monitored by mRNA had the
highest peak viral load (mean logw DNA copies
3.4+0.24) compared to patients requiring two consec-
utive positive samples before initiation of antiviral
therapy (mean logw DNA copies 3.0£0.16) and
patients whose therapy was started after one positive
sample mean logio DNA copies 2.5+0.09).

Pre-emptive antiviral therapy

Ninety-two patients (56.7 %), who accounted for
87.6% of patients with CMV DNA detected at any
time, received pre-emptive antiviral therapy.
Thirteen patients with CMV reactivation did not
receive antiviral therapy because of low viral loads or
only one positive sample. None of these patients
developed CMV disease.

Fifty-six patients received one course of antiviral
therapy, 31 received two, and five received three
courses of pre-emptive antiviral therapy. The mean
number of weeks of antiviral therapy was four for
patients with one reactivation, six for patients with
two reactivations, and 12 for patients with three
reactivations. Whether the patient was given only
induction or induction and maintenance therapy had
no influence on the risk of a second reactivation (data
not shown). Ganciclovir was used in 89 of the first
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Table 2. Viral loads and different transplant-related factors.

Factor Log DNA copies; mean + SE) p-value
Donor/recipient serology
Donor'/Recipient (1) 3.3(0.39) (1) v (2) p=NS
Donor /Recipient’ (2) 3.0 (0.16) (2) v (3)p=<0.05
Donor* /Recipient’(3) 2.6 (0.10) (1) v (3) p=<0.05
Donor type
Unrelated/mis-matched 2.7(0.09) NS
Sibling donor 2.9(0.17)
Conditioning
Myeloablative 3.0(0.13) NS
Reduced intensity 2.7(0.14)
Stem cell source
Bone marrow 2.8 (0.20)
Peripheral blood stem cells 2.8(0.1) NS
Cord blood 2.8(0.79)

courses while foscarnet was used in three courses.
Ganciclovir was used in 19 second line courses, fos-
carnet in 11, valganciclovir in four, and cidofovir in
two second line courses while foscarnet was given in
two third line courses and valganciclovir in three. In
addition, valacyclovir was used in 14 patients (in 11
after two courses and in three after three courses of
pre-emptive therapy) with the aim of avoiding addi-
tional pre-emptive therapy. This strategy was suc-
cessful in 11 of 14 patients while three patients
required intravenous therapy. None of the patients
receiving valacyclovir as secondary prophylaxis
developed CMV disease.

Peak viral load and transplant factors

The patients’ peak viral loads and different trans-
plant factors are shown in Table 2. Donor/patient
serologic status before SCT significantly influenced
the viral load while donor type, conditioning, and
stem cell source did not.

CMV disease

Ten of 162 patients developed CMYV disease; three
patients had interstitial pneumonia, four patients had
gastrointestinal disease, and three patients developed
CMYV retinitis. The median time to CMV disease was
104 days (range 39-200). Five patients developed late
CMV disease, defined as disease diagnosed after day
100. The cumulative incidence of CMV disease was
1.8% at day 100 and 6.3% at day 365. Three of the
10 patients died from the CMV disease. The mortal-
ity from CMV disease in the entire group was 2.0%.
Only one patient developed CMV disease without
having previously received anti-CMV therapy. Eight
of 10 patients with CMV disease had received at least
one full course of pre-emptive antiviral therapy
before development of CMV disease while one
patient had been receiving antiviral therapy for 3
days when CMV disease was diagnosed.



Risk factors for CMV disease

Patients with acute GVHD grades II-IV were more
likely to develop CMV disease (7 of 39; 17.9%) than
were patients with acute GVHD grades 0-I (3 of 123;
2.4%; p<0.01). No patient developed CMV disease
before the diagnosis of acute GVHD. Patients who
were CMV seropositive but had negative donors
were slightly more likely to develop CMV disease (6
of 59; 10.1%) than were seropositive patients with
seropositive donors (3 of 82; 3.6%) or seronegative
patients with seropositive donors (1 of 21; 4.7%;
p=0.1). Monitoring strategy (PCR or mRNA) had no
effect on the risk of CMV disease (data not shown).
There was also no difference in the rate of CMV dis-
ease between patients who received myeloablative
(7 of 97; 8.9%) or reduced intensity (3 of 65; 4.6%)
conditioning, between patients who did or did not
receive ATG in their conditioning (data not shown), or
between patients receiving grafts from mismatched
or unrelated donors (5 of 98; 5.1%) or sibling donors
(5 of 64; 7.8%).

Patients who developed CMV disease had higher
peak viral loads in the first episode of CMV-
DNAemia (logn 3.5; SE+0.26; p=0.02) than did
patients without CMV disease (logw 2.7; SE+0.09).
However, due to initiation of antiviral therapy before
the diagnosis of disease, the viral load at the time of
diagnosis of CMV disease was lower (logw 2.9;
SE+0.25). The initial viral load, the viral load at initi-
ation of pre-emptive antiviral therapy, and the rate of
increase in viral load during the first reactivation
were not different in patients who did or did not
develop CMV disease.

In multivariate analysis, acute GVHD (OR 9.7; 1.9-
49.8; p=0.006) and donor-negative/recipient-positive
serological status (OR 5.4; 1.01-29.6; p=0.049) were
the only risk factors for CMV disease. Viral loads
were included in different ways in the multivariate
models (initial viral load, peak viral load, viral load at
initiation of therapy, the rate of increase in viral load)
and none of the measurements had a significant
impact on the risk of CMV disease when corrected
for GVHD and donor/recipient status. There was
also no effect of viral load on the risk of CMV disease
if acute GVHD was excluded from the model (data
not shown).

Viral load kinetics during antiviral therapy

Peak viral load had an influence on the duration of
antiviral therapy. Patients with higher viral loads
received a longer course of antiviral therapy during
their first pre-emptive therapy (p=0.02). The viral
load decrease during antiviral therapy was calculated
for the first course of pre-emptive therapy. In this
analysis the two patients who developed CMV dis-
ease before or early during the first course of pre-
emptive therapy, were excluded. Patients who devel-
oped CMV disease had a smaller decrease in viral
load (logw 0.40+0.13/week than patients who did not
(logw 0.66+0.06/week). In multivariate analysis, acute
GVHD grades II-IV (OR 11.2; 1.2-73; p=0.009)
increased the risk and a larger decrease in viral load

CMV viral load monitoring in SCT patients

during antiviral therapy reduced the risk of CMV dis-
ease (OR 0.08; 0.01-0.8; p=0.03). Donor/recipient
serological status, initial viral load, peak viral load,
and monitoring strategy had no significant influence
on the risk.

Discussion

Monitoring for CMV in peripheral blood combined
with the use of pre-emptive antiviral therapy is a suc-
cessful strategy to reduce the risk of CMV disease.
The usefulness of different monitoring techniques
depends on their positive and negative predictive val-
ues. A very sensitive monitoring technique, such as
qualitative PCR might have a low positive predictive
value but a very high negative predictive value and,
therefore, antiviral therapy might be given unneces-
sarily to many patients. Despite this risk of over-
treatment, Einsele et al. were able to show an
improved outcome from using PCR to monitor allo-
geneic SCT patients.’ The introduction of viral load
measurements with quantitative PCR might allow a
better selection of patients more likely to develop
CMV disease. Emery et al. showed that both the ini-
tial viral loads and the change in viral loads were
independent risk factors for the development of
CMV disease not only in allogeneic SCT patients but
also in kidney and liver transplant recipients.’

The results of the present study are different from
those of Emery et al” since we could not find that
either the initial viral load or the rate of increase in
viral load had a significant effect. We did, however,
find in univariate analysis that patients with CMV
disease had higher peak viral loads than patients who
did not develop CMV disease. However, in a multi-
variate analysis only acute GVHD grades II-IV and
the use of CMV seronegative donors for CMV
seropositive recipients had significant influences on
the risk while the viral load did not. There are sever-
al possible reasons for why our results differ from
those of Emery et al., but the most likely is that
Emery et al. did not use pre-emptive therapy in the
majority of their patients.” Thus, the viral load was
allowed to increase unhampered by antiviral therapy
and thereby the frequency of CMV disease in the
cohort studies was much higher. There are also other
differences, such as the fact that the majority of
patients investigated by Emery et al. were T-cell
depleted. Finally, we used PCR based on peripheral
blood lymphocytes while they used a whole blood
PCR. Nevertheless, we do not think this is the expla-
nation since we recently performed parallel analyses
on 200 prospectively collected samples comparing
the peripheral blood lymphocytes-based PCR with a
whole blood-based PCR, showing that the correla-
tion between the viral loads measured by the two
techniques is excellent (Yun and Ljungman; unpub-
lished results).

Many patients developed repeated episodes of
CMV reactivation. Our regimen of antiviral therapy
was short and it has been previously shown that
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additional reactivations are common."*®® The peak
viral loads were very similar each time supporting the
belief that repeated antiviral therapy courses were
similarly efficacious. Most patients who developed
CMV disease had, therefore, already been treated
pre-emptively at least once and developed CMV dis-
ease during a second or later reactivation supporting
previous data that CMV-specific immunity is a key
factor in the control of CMV#* and that antiviral
therapy is only a temporary measure until specific
immunity has developed. A very interesting finding
was that the quality of the response to antiviral ther-
apy differed between patients who did or did not
develop CMV disease. A slow response seemed to
predispose to later development of CMV disease and
was an independent risk factor when controlled for
acute GVHD. This could be of practical importance
since it is possible that such patients would benefit
from prolonged antiviral therapy. We used different
antiviral drugs for pre-emptive therapy and all
seemed to have similar efficacy. Thus, the likelihood
of a repeated reactivation did not seem to depend on
the drug used.”

It should be recognized that the overall risk for
CMV disease in this study was low and the mortality
in CMV disease was only 2%. We were unable to
find the high frequency of late CMV disease seen in
other studies.” Why there are such differences
between centers is unknown. The selection of
patients undergoing transplants is most likely one rea-
son since using more mismatched donors is a risk for
the development of severe acute and chronic GVHD.
However, other factors such as use of antiviral thera-
py and GVHD prophylaxis and therapy might also be
of importance.

The risk factors for CMV disease that we did iden-
tify are not surprising. The correlation between CMV
disease and acute GVHD has been known for a long
time.” The use of corticosteroids is also a risk factor
for CMV disease.”” That a CMV seronegative donor
for a CMV seropositive patient is a risk factor for
CMV disease has not been shown before.® However,
it has been shown that this serological combination

results in poorer survival and higher transplant-relat-
ed mortality among patients undergoing unrelated
donor SCT.#* Both GVHD and using a seronegative
donor most likely represent a lack of immune control
of CMV.

Another aim of this study was to look at the more
recently introduced transplant techniques and their
effects on the risk of CMV disease. We were unable
to show any effect of graft type or intensity of condi-
tioning. It has been previously shown that reduced
intensity conditioning regimens might delay the
development of CMV disease but that the overall
risks are similar between patients receiving reduced
intensity and ablative conditioning.”* These findings
fit with the results of our study in which we did not
find a lower risk of CMV disease in patients who
underwent reduced intensity conditioning. Hakki et
al. showed that CMV-specific immune reconstitution
was later following bone marrow transplantation
than after peripheral stem cell transplantation.”
However, we found neither an increased viral load
nor an increased risk of CMV disease in patients
receiving bone marrow rather than stem cell grafts.

Probably the most important finding of our study
was that viral load kinetics after initiation of antiviral
therapy was predictive of the risk of developing
CMYV disease. Patients who responded slower had a
higher risk. Therefore assessment of the antiviral
response might be used for deciding management
strategies after the first course of pre-emptive antivi-
ral therapy.
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