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Background and Objectives. Hematopoietic stem cell transplant (HSCT) recipients often show
rising levels of antigenemia during pre-emptive ganciclovir treatment of human cytomegalovirus
(HCMV) infection. This raises some doubts about the therapeutic decisions to be taken.

Design and Methods. Three groups of HSCT recipients with HCMV infection undergoing anti-viral
treatment were identified: group A, showing increasing antigenemia and decreasing viremia and
DNAemia; group B, with simultaneous increases in antigenemia, viremia, and DNAemia; and
group C, with decreasing levels of all 3 viral markers. Viral load, determined as levels of antigen-
emia, viremia and DNAemia, was monitored for 3 months post-transplantation in all groups.

Results. Group A HSCT recipients showed antigenemia peaks 2-11 days after the onset of treat-
ment, reaching negative levels only 25-30 days thereafter, whereas viremia and DNAemia start-
ed to drop earlier. Group B patients, mainly including HSCT recipients with grade II-IV acute GvHD
treated with steroids prior to and during antiviral treatment, showed increasing levels of all three
viral parameters until 5-10 days after the start of treatment; the levels dropped to negative val-
ues 25-30 days thereafter. Group C patients, who acted as controls, progressively cleared virus
from blood as an early result of antiviral therapy.

Interpretation and Conclusions. Antigenemia is not the best assay to guide pre-emptive therapy.
Group A patients, who have an isolated increase of antigenemia, do not require a change of the
ongoing antiviral therapy. Whether better control of infection could be obtained in group B
patients by either reducing immunosuppressive therapy (when possible) or adopting combination
therapy remains to be determined.
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paradoxical phenomenon consisting
Aof increasing antigenemia during

antiviral treatment of human cyto-
megalovirus (HCMV) infection has been
reported for several years in both solid
organ transplant (SOT)" and allogeneic
hematopoietic stem cell transplant (HSCT)*
recipients. While rising antigenemia (in the
absence of antiviral drug resistance) in SOT
recipients with primary HCMV infection
has been consistently reported to be associ-
ated with decreasing viremia and DNA-
emia," in HSCT recipients rising antigene-
mia has been reported, in different clinical
situations, to be sometimes associated with
simultaneous rises in viremia and DNA-
emia. This finding represents a true
increase in viral load rather than a dissociat-
ed increase in antigenemia levels only. The
pathogenetic basis of these two different
clinical conditions has been recently eluci-
dated through i vitro studies which demon-
strated that an isolated increase of antigene-
mia is due to an excess synthesis of HCMV
pp65 in a few infected endothelial cells, par-
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tially escaping the viral DNA replication
block induced by ganciclovir treatment,
with transfer of pp65 to adhering leuko-
cytes. In the contrast, the simultaneous
increase of all viral parameters (viral load) is
an expression of complete HCMV replica-
tion, occurring in endothelial cells despite
the use of antiviral treatment. This may be
due either to the presence of a ganciclovir-
resistant HCMV strain or to intensive
immunosuppressive treatment (mainly uti-
lizing steroids), enhancing viral replication
thus increasing levels of circulating virus and
viral products, associated with transfer of
pp65 to leukocytes adhering to endothelial
cells.* In the present report, we analyzed
the markedly different patterns of parame-
ters used to monitor HCMV infection in
HSCT recipients. This analysis allowed us
to identify 3 different groups of patients. In
the typical group (group C, reference group),
including the majority of patients, the levels
of HCMV viremia, antigenemia and DNA-
emia all decreased rapidly following the
start of treatment with ganciclovir; in the



other 2 atypical groups, one (group A) showed an isolat-
ed increase of antigenemia, while the other one (group
B) showed an increase of all viral parameters (antigene-
mia, viremia, and DNAemia) following onset of treat-
ment with ganciclovir. We compared the viral parame-
ters in these 3 groups with those of a fourth group
(group D) of SOT recipients with primary HCMV
infection in whom only rising antigenemia was found
during GCV therapy:.

The major aim of this study was to identify variables
associated with the atypical responses to antiviral treat-
ment observed in HSCT recipients of groups A and B.
In SOT recipients, primary HCMV infection, occurring
in seronegative recipients of solid organs from seropos-
itive donors, has been found to be the clinical condition
consistently associated with rising antigenemia during
GCV therapy."” The different responses to antiviral
treatment need careful interpretation: group A patients
do not require a switch of antiviral therapy from ganci-
clovir to an alternative antiviral drug, such as foscarnet
or cidofovir, or to combination antiviral therapy, both
possibly associated with higher toxicity. In contrast, in
order to obtain optimal control of viral replication,
group B patients might benefit from a change in inter-
vention strategy (such as a reduction of immunosup-
pression, when possible, or combination antiviral ther-
apy) although this strategy remains to be properly
addressed and its efficacy proven.

Design and Methods

Patients

We retrospectively considered a total of 185 HSCT
recipients (127 referred to Pediatric Oncohematology
and 58 adult patients referred to the Division of
Hematology), transplanted between January 2000 and
June 2004. HCMV seronegative donor/recipient pairs
were excluded from the study. Eighty-three patients
were not treated either because they did not have a
positive test for HCMV infection or because they had
only one. The remaining 102 patients who were given
antiviral treatment were considered for the analysis. Of
these, 54 (most of them) were treated in the pediatric
ward, while 48 were treated in the Division of
Hematology for adult patients. The proportion of pedi-
atric patients requiring treatment for HCMV infection
was 54/127 (42%), while as many as 48/58 (83 %) adult
patients received antiviral treatment. HSCT recipients
were divided into 3 groups according to the type of
response to antiviral therapy. Group A comprised 32
(31.4%) patients with an isolated increase of antigene-
mia during treatment; group B comprised 10 (9.8%)
patients with increases of all markers (antigenemia,
viremia, DNAemia) of viral load during treatment; and
group C was formed of the 60 (568.8%) patients with

Pre-emptive therapy and rising antigenemia

Table 1. Patients’ characteristics.

No. of patients

Parameter Pediatric® Adults
(n=54) (n=48)
Median age (years, range) 9(1-23) 43 (19-55)
Sex M/F 33/21 31/17
Diagnosis®
ANLL 1 19
ALL 15 9
CML 1 10
JMML 4 0
MDS 6 7
Myeloma 0 2
NHL 3 0
Sickle cell disease 2 0
Thalassemia 7 0
Others® 5 1
HCMV serology"
R+/D- 22 10
R-/D+ 3 2
R+/D+ 29 36
Conditioning regimen®
Chemotherapy based 36 26
TBI based 15 12
TBI+ATG-based 3 10
Donor type
HLA-identical sibling 21 34
Unrelated volunteer 27 14
Source of stem cells
Bone marrow 48 23
Peripheral blood 5 25
Cord blood 1 0
Grade II-IV GVHD 26 13

“A few patients 18-24 yrs old were referred to the Pediatric Ward; "ANLL: acute
non-lymphoblastic leukemia; ALL: acute lymphoblastic leukemia; CML: chronic
myeloid leukemia; JMML: juvenile myelo-monocytic leukemia; MDS: myelodys-
plastic syndrome; NHL: non-Hodgkin’s lymphoma. ‘Others include: 1 Hodgkin’s
lymphoma, 1 Diamond-Blackfan anemia, 1 Bernard-Soulier syndrome,

1 rabdomyosarcoma, 1 severe aplastic anemia, 1 breast cancer. ‘R, recipient; D,
donor. °TBI, total body irradiation; ATG, anti-thymocyte globulin.

prompt decrease in all markers of viral load, as a result
of treatment. The pediatric and adult patient popula-
tions were homogeneously represented in the compo-
sition of the 3 groups, 17 (31.5%) vs 15 (31.2%)
patients in group A, 5 (9.2%) vs 5 (10.4%) patients in
group B, and 32 (59.3%) vs 28 (58.4%) patients in group
C, respectively. The characteristics of the 102 patients
enrolled in this study are reported in Table 1. For com-
parison, a small group (group D) of SOT recipients
(n=8), who had received either heart or heart-lung
transplantation, with only rising antigenemia during
primary HCMV infection treated with ganciclovir, was
also considered.

Assays for viral load quantification

HCMYV infection was defined as active HCMV repli-
cation in blood in the absence of clinical manifestations
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or organ function abnormalities, whereas HCMV dis-
ease required documentation of HCMV infection,
together with clinical symptoms and/or organ function
abnormalities.® All patients were monitored weekly (in
the absence of HCMYV infection) or twice weekly (dur-
ing HCMV infection) for 3 months after HSCT.
Subsequently, monitoring of HCMYV infection was per-
formed monthly during routine clinical controls or in
the presence of clinical signs or symptoms suggestive of
HCMV disease. The donor/recipient serological status
was determined by enzyme-linked immunosorbent
assays prior to transplantation, using previously report-
ed methods” The HCMV antigenemia was quantified
by counting at the fluorescence microscope the number
of pp65-positive peripheral blood leukocytes (PBL) on
PBL cytospin preparations (each containing 2x10° PBL)
that were fixed and stained with a pool of pp65-specif-
ic monoclonal antibodies, according to a previously
reported procedure.* Viremia, i.e. the number of PBL
carrying infectious virus, was quantified by inoculating
2x10° PBL onto monolayers of human embryonic lung
fibroblasts (HELF), staining 16-24 hours later with an
anti-p7/2 monoclonal antibody and then counting the
number of p72-positive HELF nuclei.” Finally, HCMV
DNA was quantified in whole blood (10 uL) by quanti-
tative polymerase chain reaction (PCR) analysis, as
described previously.""

Antiviral treatment

All HSCT recipients started antiviral treatment for
HCMYV infection according to the same protocol of pre-
emptive therapy, as reported previously.™" Briefly, all
patients received ganciclovir intravenously at a stan-
dard dosage of 5 mg/kg of body weight/bid until pp65
antigenemia clearance (i.e., after 2 consecutive blood
samples taken 2 to 3 days apart were negative for anti-
genemia). Ganciclovir therapy was started either
immediately, when 2 or more pp65-positive PBLs were
detected, or when detection of 1 pp65-positive PBL was
confirmed in the following 2 to 3 days at the same or a
higher level. In some patients, treatment was initiated
after reaching at least 100 HCMV DNA copies/10 pL
blood. Ganciclovir resistance was tested by sequencing
UL54 and UL97 open reading frames of the HCMV
genome, as reported by Baldanti et al."

Graft-versus-host disease prophylaxis and treatment
Prophylaxis of graft-versus-host disease (GvHD) con-
sisted of cyclosporine-A (Cs-A) alone for patients
receiving the allograft from an HLA-identical sibling,
whereas patients who received the transplant from an
unrelated donor were given a short course of metho-
trexate (15 mg/m’on day +1, and 10 mg/m® on days +3,
+6, and +11 after transplantation) and anti-thymocyte
globulin (3.75 mg/kg/day from day -4 to day -2) in addi-
tion to Cs-A. Patients with acute grade II-IV GvHD
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were treated with steroids (2-5 mg/kg/day until resolu-
tion of clinical symptoms or evidence of progression) as
first-line therapy, whereas patients with steroid-resist-
ant disease were mainly treated with extracorporeal
photochemotherapy.®

Calculation of variations in the levels of HCMV viral
load markers

Following the onset of antiviral therapy, variations in
the levels of HCMV antigenemia, viremia, and DNA-
emia were expressed as percent variations, considering
the relevant values observed on the day of starting
antiviral therapy administration as 100%.

Statistical analysis

Differences between medians were compared by
using Mann-Whitney U test for unpaired data or
Wilcoxon’s test for paired data. Differences in percent-
ages were tested using Pearson’s ¥’ test, while Fisher’s
exact test was used to evaluate differences in percent-
ages when the total sample size was less than 30. The
log-rank test was used to compare duration of treat-
ment. All tests were two-tailed. Multivariate analysis
was performed using a logistic regression procedure.
Rising antigenemia, or the combined rise of antigene-
mia, viremia, and DNAemia were considered as inde-
pendent variables. All dependent variables with a p
value <0.1 in univariate analysis were included in the
model of multivariate analysis, using a forward selec-
tion procedure. The probability of overall (OS) and
event-free survival (EES) was estimated by the Kaplan-
Meier method and the significance of differences
between curves was estimated by the log-rank test.
Transplant-related mortality (TRM) was expressed as
cumulative incidence curves, in order to adjust the
analysis for competing risks.

Results

Given the similarity of the kinetics of different viral
markers during treatment with ganciclovir in pediatric
and adult HSCT recipients, only data relevant to pedi-
atric patients are reported in Figures 1A to D.

Rising antigenemia in HSCT recipients

In group A, including 17 pediatric and 15 adult HSCT
recipients, antigenemia initially rose significantly
(»<0.001) from a median value of 2 (1-60) to a median
peak value of 5 (1-130) pp65-positive PBL after a medi-
an of 7 (2-11) days of treatment, becoming negative
after 25 to 30 days (Figures 1A and 2). In this group of
patients, DNAemia and viremia started decreasing
immediately after the onset of ganciclovir treatment,
with a striking dissociation between the rising antigen-
emia and decreasing DNAemia and viremia. Median
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Figure 1. Mean kinetics of HCMV antigenemia, viremia and
DNAemia in the following groups of transplanted patients showing
varying levels of antigenemia during ganciclovir treatment: (A)
group A: hematopoietic stem cell transplant recipients (HSCTR)
showing rising antigenemia only; (B) group B: including HSCT
recipients with rising whole viral load and steroid-treated GvHD;
(C) group C: including HSCT recipients with decreasing viral load;
and, finally, (D) group D: including solid organ transplant recipients
(SOTR) with primary HCMV infection and rising antigenemia only.
Day O indicates start of treatment, and values detected in the pre-
ceding or subsequent days are percentages of those found on day
0. Vertical bars indicate standard errors of the mean.

DNAemia levels (5, 0-98 copies) at the time of the anti-
genemia peak were significantly lower (y<0.001) than
those at the onset of treatment (30, 0-571 copies). This
pattern of response to antiviral treatment was observed
in 32/102 (31.4%) HSCT recipients of our series and,
thus, was far from being a rare event. The median dura-
tion of treatment for this group was 29 (9-66) days, i.e.
a median time of 29 days was required to achieve neg-
ative antigenemia results. This time was significantly
longer (p<0.001) with respect to that of group C
patients (median 16, range 5-42, days).

Rising viral load in HSCT recipients with GvHD

In a small number of HSCT recipients (group B)
(107102, 9.8%), rising antigenemia was associated with
rising viremia and DNAemia, i.e. all markers of viral
replication rapidly increased during ganciclovir treat-
ment. This relatively infrequent pattern was observed
in patients with grade II-IV acute GvHD, requiring
treatment with high doses of steroids. In these patients,
steroid therapy had been started at a median time of 4
(1-80) days prior to initiation of ganciclovir therapy.
Antigenemia and DNAemia levels rose significantly
(¢<0.05) from median values of 12 (1-100) pp65-posi-
tive PBL and 46 (10-1,062) DNA copies at the onset of
treatment to peak levels of 28 PBL (5-280) and 350 DNA
copies (10-1,261), respectively. Peak levels of all viral
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p<0.001 p<0.001 p<0.05
300 o
2001 o
100 o ° o [
- R o & @ B0 _ 8o
o 20 o
[T o o
2
£ o °
s oo 4 —
210 A .
& o§° o ] o]
Ree) o0 el
s BT
0 i) 00
p<0.001 p<0.001 p<0.05
4 1000 o o
o
5004 © b o 8
s & o B o O
g 107 oo . e o oo
S8 mq 8 e
2= wq & op o
o I °
Z a0 o °
o OCD fole] - o Q
= 204 < . @ 2
0 x> & 55 282 i
3 £ 5 £ 3 £
) «\
&\ s E g £
[} < <
8 g 8
- = -
Drop VL Rise AG Rise VL
(group C) (group A) (group B)
Patient groups

Figure 2. Median levels of antigenemia and DNAemia in the indi-
cated 3 groups of HSCT recipients. Statistical analysis shows
results of the comparison between values detected at the onset of
treatment and peak values detected during treatment (groups A
and B) or values detected after 7 days of treatment (group C). VL,
viral load, AG, antigenemia.

markers were reached 8 (3-14) days after the start of
antiviral treatment, negativization of all parameters
being reached after 30 to 80 days (Figures 1B and 2).
This type of response to antiviral treatment was similar
to that observed in the presence of a ganciclovir-resist-
ant HCMV strain. However, since no ganciclovir-resist-
ant strain was detected in this group of patients, the ris-
ing viral load is likely to be due to lack of control of
virus replication by the patient’s immune system. In
this adverse clinical situation, the approach adopted,
whenever possible, was reduction of steroid therapy;,
either alone (6 patients) or together with adoption of a
combination of 2 antiviral drugs (ganciclovir + foscar-
net) (2 patients). Alternatively, when the same level of
immunosuppressive therapy was maintained, the gan-
ciclovir was replaced by foscarnet (2 patients). When
viremia started to decrease or became negative, in par-
allel with viral DNA, antiviral treatment was consid-
ered to have been effective. The median duration of
treatment of patients in group B was 59 (21-69) days,
which was significantly longer (¢<0.001) than that
observed in both group C and group A patients.
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Table 2. Risk factors for dissociated rising antigenemia or rise in whole viral load in HSCT recipients with HCMV infection treated with

ganciclovir in the post-transplant period.

Patient group p
Risk factors
~ Decreasing Rising antigenemia OR P Rising OR (95% CI) (group B vs C)
viral load (group C) (8roup A) (95% Cl) (group A vs C)  viral load
(group B) 1% mv
Number of patients (%) 60 (58.8) 32 (31.4) 10 (9.8) ns na
Pediatric/adult patients 32/28 17/15 1.01 ns 5/5 1.14 ns na
(0.4-2.4) (0.3-4.4)
Recipient serostatus 57/3 30/2 1.27 ns 10/0 0.001 ns na
(0.2-8.0) (0-30.9)
Donor sibling/unrelated 41/19 16/16 2.16 ns 4/6 3.24 ns na
(0.5-5.9) (0.7-9.3)
HCMV+/HCMV- 45/15 21/11 1.57 ns 4/6 450 0.056 ns
(0.6-4.0) (1.1-18.1)
Source of stem cells
peripheral blood/bone marrow 22°/38 7/25 2.07 ns 2/8 1.44 ns na
(0.6-6.7) (0.2-8.4)
Anti-thymocyte globulin
no/yes 54/6 21/5 1.67 ns 8/2 2.25 ns na
(0.6-4.4) (0.4-6.2)
HCMV infection
onset after transplant (days) 24 (9-80) 25 (7-85) na ns 26 (11-41) na ns na
antigenemia at onset’ 1(0-9) 1(1-25) na ns 4 (1-54) na 0.024 0.07
DNAemia at onset® 10 (0-500) 10 (0-268) na ns 38 (10-500) na 0.050 ns
Antiviral treatment
onset after transplantation (days) 36 (14-146) 34 (13-88) na ns 28 (14-50) na ns na
onset after 1* HCMV detection (days) 7 (0-108) 5 (0-33) na ns 1(0-11) na 0.072 ns
antigenemia at onset of therapy’ 2 (0-100) 2 (1-60) na ns 12 (1-100) na 0.006 ns
DNAemia at onset of therapy® 10 (0-566) 30 (0-571) na ns 46 (10-1.062) na 0.053 ns
No steroid/steroid treatment 44/16 21/11 1.44 ns 0/10 56 0.009 0.03
for GYHD (0.6-4.2) (3-1021)

“OR, odds ratio (CI, confidence interml;/; "ns: not significant (i.e. p>0.1); UV, univariate analysis; MV, multivariate analysis; na: not applicable; *: 1 cord blood;

“no. pp65-positive PBL/2X10° examined;

Viral load decreasing with treatment

In group C, comprising 60/102 (58.8%) HSCT
patients, all viral markers started to decrease soon after
the start of antiviral therapy (Figures 1C and 2). After a
median of 7 (5-10) days of therapy (time selected for
comparison with peak values of antigenemia or viral
load of groups A and B), antigenemia (median 0, range
0-26, pp65-positive PBL) and DNAemia (median 0,
range 0-144, DNA copies) levels were significantly
(¢<0.001) lower than at the onset of treatment (2, 0-100
pp65-positive PBL and 10, 0-566 DNA copies respective-
ly). Treatment was continued until the antigenemia
became negative in 2 consecutive tests performed 2 to 3
days apart. Thus, in this group, patients required signif-
icantly shorter treatment (p<0.001) than did patients in
groups A and B. The median duration of positive anti-
genemia after the start of treatment was 16 (5-42) days.

Rising antigenemia in SOT recipients

For comparison, a group of 8 SOT (heart and/or lung)
recipients treated with ganciclovir during primary
HCMV infections was considered. These patients
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‘no. HCMV DNA copies/10UL whole blood.

showed a pattern of response similar to that reported
above for group A HSCT recipients. In more detail, the
median level of antigenemia reached 298% of the level
at the start of treatment after a median time of 5 days,
then started to decrease. The level of antigenemia
detected upon initiation of treatment was reached 10
days later, becoming negative between 15 and 20 days
after the onset of therapy for most patients (Figure 1D).
In contrast, DNAemia and viremia started to decrease
immediately after the start of therapy.

Risk factors for rising antigenemia or rising viral load
in HSCT recipients

In univariate analysis several potential risk factors for
rising antigenemia or rising viral load were investigated:
patient age at transplantation (pediatric vs adult
patients), donor type (sibling vs unrelated donor),
patient vs donor HCMV serologic status (seropositive
vs seronegative), source of stem cells (peripheral blood
vs bone marrow), use of serotherapy during condition-
ing regimen (ATG vs no ATG), time (days) to virus



Table 3. Incidence of HCMV recurrence, HCMV disease, transplant-
related mortality, event-free survival and overall survival in the
three groups of patients (univariate analysis).

Patient group
Outcome Dropping Rising /3 Rising '3
viral load  antigenemia (group A viral  (group
(8roup C) (group A) vsC) load BvsC)
(group B)
HCMV recurrence 41/60 27/32 ns 7/10 ns
(68.3) (84.4) (70.0)
Treated HCMV
recurrence 26/60 18/32 ns 7/10 ns
(43.3) (56.3) (70.0)
HCMV disease 0/60 0/32 ns 0/10 ns
Transplant-related 17% 20% ns 30% ns
mortality’ (9-31) (10-42) (12-77)
Event-free survival® 57% 55% ns 30% 0.03
(43-72) (36-74) (2-58)
Overall survival’ 66% (53-80)  59% (40-79) ns  40% (10-70) 0.06

“ns: not significant (i.e. p>0.1); 'data are expressed as cumulative incidence and
95% confidence interval; ‘data are expressed as Kaplan-Meier probability and
95% confidence interval.

Table 4. Multivariate analysis (performed using the Cox propor-
tional hazard regression model) comparing the influence of HCMV
load and type of donor on transplant-related mortality, event-free
survival and overall survival.

Parameter Relative Risk ~ (95% Cl) p
Transplant-related mortality

Unrelated vs sibling donor 517 (1.8-14.8) 0.0022
Group A vs group C 1.27 (0.4-3.6) ns
Group B vs group C 1.70 (0.4-6.4) ns
Event-free survival

Unrelated vs sibling donor 2.90 (1.5-5.5) 0.001
Group A vs group C 1.18 (0.6-2.4) ns
Group B vs group C 1.83 (0.8-4.4) ns
Overall survival

Unrelated vs sibling donor 3.86 (1.9-7.9) 0.0002
Group A vs group C 1.14 (0.5-2.4) ns
Group B vs group C 1.62 (0.6-4.2) ns

appearance in blood after transplantation by any test,
levels of HCMV antigenemia and DNA at the onset of
infection, time (days) to start of treatment after trans-
plantation and after first virus detection in blood, levels
of antigenemia and DNA at the start of treatment, and,
finally, grade of acute GvHD (grade 0-I vs. II-IV),
requirement or not steroid therapy (Table 2). Univariate
analysis showed no difference between pediatric and
adult patients with respect to the different parameters
considered. Thus, in the following analysis, patients of
the two age groups were examined as a single group.
Univariate analysis showed that none of the parameters
investigated was significantly associated with an isolat-

running title

ed increase of antigenemia. Several parameters did,
however, appear to be associated with rising viral load
in univariate analysis, namely: HCMV seronegative
donor, levels of antigenemia and DNAemia both at first
detection in blood and at the start of treatment, early
start of treatment with respect to virus detection in
blood, and, finally, occurrence of grade II to IV GvHD
requiring steroid treatment. However, in multivariate
analysis, only occurrence of grade II-IV GvHD and,
thus, use of steroids appeared to be a risk factor inde-
pendently associated with rising viral load (Table 2).

Outcome in the three groups of HSCT recipients

The incidence of viral recurrence and progression to
HCMYV disease in the three groups of patients is report-
ed in Table 3. No significant difference was found in the
incidence of recurrence of HCMV infection in the three
groups, and pre-emptive therapy was effective at pre-
venting HCMYV disease in all patients. We also evaluat-
ed the cumulative incidence of TRM, as well as Kaplan-
Meier estimates of OS and EFS in the 3 groups. While
in univariate analysis group B patients had lower prob-
abilities of OS and EFS (see Table 3), in multivariate
analysis these differences were not confirmed, trans-
plantation from an unrelated donor being the only fac-
tor affecting TRM, OS and EFS unfavourably (Table 4).

Kinetics of viral markers after the start of treatment
in individual HSCT recipients

Representative examples of the kinetics of HCMV
viral markers after the start of treatment in individual
patients from groups A to D are reported in Figures 3A
to D. Figure 3B shows two peaks of viral load, one dur-
ing treatment with ganciclovir and the second during
treatment with foscarnet, which are the consequences
of two courses of steroid therapy due to GvHD re-exac-
erbations.

Discussion

The results of the present study are mostly of interest
for hematologists using antigenemia as the guiding
assay for monitoring efficacy of pre-emptive therapy of
HCMV infections in HSCT recipients. It was found
that, on the average, in a population of both pediatric
and adult patients, out of every 10 HSCT recipients
receiving ganciclovir as pre-emptive therapy of HCMV
infection, approximately 6 display declining levels of all
viral markers immediately after the onset of therapy
(group C), 3 show rising antigenemia in association
with decreasing viremia and DNAemia (group A), and
1 shows increasing levels of all viral markers, in spite of
ongoing antiviral therapy (group B). In view of these
results, antigenemia can only be considered a surrogate
marker of HCMV replication and does not reflect the
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viral load, which is better represented by DNAemia
and viremia. The clinical and therapeutic implication of
this observation is that in patients of groups A (rising
antigenemia) and C (decreasing viral load) the ongoing
therapy with ganciclovir can be safely continued and a
switch to an alternative drug or to combination thera-
py is unjustified. Whether some measures of therapeu-
tic intervention (e.g. reduction of immunosuppressive
therapy, when possible, or addition of foscarnet to gan-
ciclovir) should be considered in group B patients (ris-
ing viral load) in order to obtain better control of viral
infection and to prevent progression to HCMYV disease,
remains an issue to be further addressed.

The observation of rising antigenemia might prompt
clinicians to shift from ganciclovir to foscarnet as antivi-
ral therapy with the intent of overcoming problems
related to the presence of a hypothetical ganciclovir-
resistant strain. However, ganciclovir therapy can be
safely continued in the presence of isolated rising anti-
genemia, provided that viremia (i.e. load of infectious
virus in blood), and DNAemia (i.e. load of viral DNA in
blood) are rapidly declining, thus documenting the
effectiveness of antiviral therapy. Measuring the actual
level of virus replication through determination of
viremia and/or DNAemia offers the advantage of
checking the effect of antigenemia-guided pre-emptive
therapy. In this respect, although it would be desirable
to perform all 3 viral assays, this is not the current prac-
tice. As a result, if antigenemia is adopted as the only
guiding assay for deciding discontinuation or modifica-
tion of pre-emptive therapy, one cannot differentiate
between patients with isolated rising antigenemia, and
patients with rising viral load. Thus, if a single test must
be chosen for monitoring HCMV infection in HSCT
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recipients, determination of HCMV DNA load appears
to be the test of choice to study the patients’ response
to treatment: determination of viremia, although
reflecting actual viral replication, is a much less sensi-
tive assay. In this respect, we are conducting a prospec-
tive, randomized clinical trial aimed at verifying
whether the qualitative antigenemia cut-off so far used
to guide pre-emptive therapy in our Department may
be replaced by a quantitative DNAemia cut-off (a qual-
itative DNAemia cut-off has been used for several years
in various transplantation Centers). A preliminary
analysis shows that not only is adoption of a DNA cut-
off safe, but also that this approach can spare a signifi-
cant number of patients with spontaneous resolution of
HCMYV infection from being given antiviral treatment
(unpublished data). Apart from other possible as yet
unidentified factors, the interaction between the virus
itself and ganciclovir seems to be the major factor
responsible for isolated rising antigenemia during effec-
tive antiviral treatment. Using an /i vitro model to study
interactions between infected endothelial cells treated
with different antiviral agents and polymorphonuclear
leukocytes, we recently showed that the pathogenesis
of the apparently paradoxical rise of antigenemia dur-
ing antiviral treatment with ganciclovir is likely to
depend on the fact that about 5% of infected endothe-
lial cells escape the ganciclovir-induced block of viral
DNA replication. Thus, large amounts of pp65 (dense
bodies) are synthesized in a relatively small number of
infected endothelial cells, from which pp65 is then
transferred to polymorphonuclear leukocytes in
increasing numbers.” The pheomenon in SOT recipi-
ents is likely to have the same pathogenetic basis. In
addition, since isolated rising antigenemia in SOT



recipients has been observed to occur only in ganci-
clovir-treated primary HCMV infections, i.e. in HCMV-
seronegative recipients of organs from seropositive
donors, the presence of HCMV-specific immunity
seems to be a condition preventing rising antigenemia.
One can hypothesize that in HSCT recipients with an
ablated immune system antigenemia rises during
antiviral treatment in the absence of reconstituted spe-
cific immunity. A study aimed at verifying this hypoth-
esis is warranted.

The results of our study indicate that, among poten-
tial risk factors responsible for a rise in whole viral load,
only GvHD requiring steroid therapy appears to be an
independent predictive factor. This finding suggests
that steroid treatment enhance virus replication, proba-
bly through suppression of an HCMV-specific immune
response. Thus, in HSCT recipients who have moder-
ate to severe GVHD and a rise in viral load, proved by
an increase of all viral markers, the immunosuppressive
therapy should, whenever possible, be modulated, and
antiviral therapy reconsidered. The major conclusion of
this study is that, in the presence of isolated rising anti-
genemia or rising viral load in HSCT recipients treated

running title

with ganciclovir, one must not suspect, as a first-line
probability, the presence of a drug-resistant HCMV
strain, but rather identify the type of individual
response to antiviral treatment and then decide thera-
peutic strategies accordingly. Ganciclovir-resistant
HCMV strains have been mainly reported in patients
given prolonged antiviral treatment with the same
drug, mostly in association with an absent or delayed
HCMV-specific T-cell-mediated immune response, and
are less frequently encountered in HSCT recipients
than in SOT patients."*
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