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Preemptive ganciclovir (GCV) therapy is adopted increasingly in hematopoietic stem cell transplant (HCT)
recipients, but occasional cases of increasing cytomegalovirus (CMV) antigenemia levels occur during pre-
emptive GCV therapy. This prospective study investigated the incidence, risk factors, and clinical outcomes of
paradoxical responses during GCV therapy. Adult patients receiving allogeneic HCTs during a 24-month
period were enrolled. Patients were prospectively monitored for CMV antigenemia once a week until 3 months
after engraftment. Paradoxical responders were defined as patients exhibiting CMV antigenemia levels ele-
vated from the baseline after the first week of preemptive GCV therapy. Of 252 HCT recipients, 97 (38%)
received preemptive GCV therapy due to CMYV infection. Of these 97 patients, 23 (24%) were classified as
paradoxical responders. Risk factors for paradoxical response were a low white blood cell (WBC) count (P =
0.02) and a prolonged duration of CMV antigenemia (P = 0.04) before preemptive therapy. There were no
significant differences in rates of successful viral clearance and secondary episodes of CMYV infection between
paradoxical responders (87% [20/23] and 26% [6/23]) and nonparadoxical responders (95% [70/74] and 23%
[17/74], respectively). However, breakthrough CMV disease during preemptive GCV therapy was significantly
more frequent in paradoxical responders (17% [4/23]) than in nonparadoxical responders (3% [2/74], P =
0.03). Paradoxical responses occurred in one-quarter of the HCT recipients receiving preemptive GCV therapy.
A low WBC count and a long duration of CMV antigenemia before GCV therapy were associated with
paradoxical responses, and breakthrough CMYV disease during preemptive GCV therapy occurred more

frequently in paradoxical responders.

Cytomegalovirus (CMV) diseases, including pneumonitis,
gastroenteritis, retinitis, and encephalitis, are among the most
important causes of morbidity and mortality in patients who
undergo allogeneic hematopoietic stem cell transplantation
(HCT) (3, 17, 18). Recently, the value of noninvasive diagnos-
tic methods such as CMV blood antigenemia assay (1) and
CMV DNA assay by PCR (5) in identifying candidates for
preemptive therapy after HCT has been demonstrated. While
preemptive ganciclovir (GCV) therapy based on the CMV
blood antigenemia assay is being adopted increasingly for HCT
recipients (2), occasional cases show increasing CMV antigen-
emia levels during preemptive GCV therapy. However, there
are limited data on the clinical characteristics and outcomes of
these paradoxical responders to GCV (7-9, 15). We therefore
investigated the incidence of and risk factors for paradoxical
responses among HCT patients during preemptive GCV ther-
apy and their clinical outcomes.

(This study was presented in part at the 49th Annual Meet-
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ing of the Infectious Diseases Society of America, 20 to 23
October 2011 [poster session, abstr. 31020].)

MATERIALS AND METHODS

Patients and data collection. All adult patients undergoing allogeneic HCT
between February 2009 and January 2011 at a 2,700-bed tertiary-care hospital in
Seoul, South Korea, were eligible for this study. Patients with CMV antigenemia
who were not treated for CMV disease before preemptive GCV therapy were
included in the analysis. Patient demographic information, including clinical
data, was obtained from the hospital’s electronic database. Age, gender, under-
lying disease, conditioning regimen, donor type, HLA matching, donor CMV
serostatus, grade of graft-versus-host disease (GVHD), GVHD prophylaxis, and
immunosuppressive status were included in the analysis and were evaluated as
risk factors for changes in CMV antigenemia levels on preemptive GCV therapy.

CMYV antigenemia monitoring. HCT recipients were prospectively monitored
for CMV antigenemia once weekly from day 21 to day 100 post-HCT. Monitor-
ing could be changed to biweekly between discharge and day 100 post-HCT if the
patient’s antigenemia had been consistently negative. After 100 days, monthly
CMYV antigenemia assays were conducted to monitor for CMV reactivation until
1 year after transplantation. For antigenemia monitoring, 10-ml heparinized
blood samples were processed and 2 X 10° cells were stained after fixation (Light
Diagnostic CMV pp65 Antigenemia; Chemicon International Inc., Temecula,
CA) (11). Patients were classified into low and high CMV risk groups. Those
receiving antithymoglobulin (ATG) in the preparative regimen, those with grade
3 to 4 acute GVHD, and those receiving more than 0.5 mg/kg methylpred-
nisolone were defined as high-risk patients. CMV antigenemia of =5/250,000
cells in high-risk patients or =20/250,000 cells in low-risk patients was an indi-
cation for preemptive GCV therapy. According to the discretion of each attend-
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ing hematologist, a conventional dose (5 mg/kg twice daily) or a low dose (5
mg/kg per day) of GCV was administered for at least 2 weeks or until the patients
were CMV antigenemia negative.

Definitions. Paradoxical responders were defined as patients who exhibited a
CMYV antigenemia level elevated from the baseline, which was defined as the
antigenemia level immediately before the initiation of preemptive GCV therapy,
after the first week of preemptive GCV therapy. CMV disease was defined as
CMYV viremia plus clinical or histologic involvement of an organ due to the same
infection (6, 13). For example, CMV hepatitis was defined as biochemical and
histological evidence of hepatitis with CMV inclusions, positive immunohisto-
chemical staining, or in situ hybridization for CMV. CMV gastrointestinal dis-
ease was defined as symptoms and signs of upper or lower gastrointestinal
dysfunction and a tissue biopsy sample showing CMV inclusions or positive
immunohistochemical staining. CMV pneumonitis was defined as symptoms like
dyspnea and interstitial infiltrations on a chest radiograph confirmed by bron-
choalveolar lavage sample cytology or culture. CMV syndrome was defined as
meeting all of the following requirements: fever (>38°C) for at least 2 days
within a 4-day period, the presence of neutropenia or thrombocytopenia, and
CMV viremia (6, 13). CMV disease occurring during preemptive antiviral ther-
apy was defined as breakthrough disease. CMV disease was stratified into two
groups: early, occurring before day 100 post-HCT, and late, occurring after day
100 post-HCT (18).

Statistical analysis. Categorical variables were compared using Fisher’s exact
test or the Pearson 2 test, as appropriate, and continuous variables were com-
pared using the Mann-Whitney U test or Student’s ¢ test. All tests of significance
were two tailed, and a P value of =0.05 was considered significant. All statistical
analyses were performed using SPSS (version 18.0; SPSS, Chicago, IL) and
GraphPad Prism (version 5.0; GraphPad Software, San Diego, CA).

RESULTS

Patient demographic data. During the study period, 252
adult patients underwent allogeneic HCT. Of these, six pa-
tients who received GCV therapy due to CMV diseases before
preemptive CMV therapy were excluded from the analysis.
Finally, 97 (38%) HCT recipients who showed CMV antigen-
emia and received preemptive GCV therapy were analyzed. Of
these, 23 (24%; 95% confidence interval, 16 to 34%) were
classified as paradoxical responders whose antigenemia level
was increased after 1 week of antiviral therapy. The remaining
74 (76%) patients were classified as nonparadoxical respond-
ers. Patient baseline characteristics are shown in Table 1. Both
groups of donors and recipients were similar in terms of me-
dian age, initial diagnosis, underlying disease, hematopoietic
progenitor cell source, and CMV serostatus. There was no
significant difference in the incidence of acute GVHD between
the two groups (P = 0.66). The overall proportion of patients
with each grade of acute GVHD or without GVHD did not
differ between the patients who showed paradoxical responses
and those who showed nonparadoxical responses.

Risk factors for a paradoxical response. Baseline CMV an-
tigenemia levels before the initiation of preemptive GCV ther-
apy in patients with paradoxical responses were not different
from those observed in nonparadoxical responders (median,
14/250,000 cells [interquartile range [IQR], 6 to 77] versus
23/250,000 cells [IQR, 6 to 86]; P = 0.96) (Table 1). However,
the initial median white blood cell (WBC) count before pre-
emptive therapy was significantly lower in paradoxical re-
sponders than in nonparadoxical responders (2,700 cells/mm?®
versus 3,900 cells/mm?; P = 0 0.02). The median number of
days of CMV antigenemia positivity before preemptive therapy
was also significantly longer in paradoxical responders than in
nonparadoxical responders (7 days versus 0 days; P = 0.04).
However, there was no evidence that immunosuppressive sta-
tus affected the paradoxical response group. There were no
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significant interactions between response, increasing antigen-
emia level, and immunosuppressive status, such as the use of
systemic steroids, the steroid dose (exceeding or not exceeding
1 mg/kg), the percent change in the cyclosporine dosage
after the initiation of antiviral therapy, and the use of ATG
in the conditioning regimen (Table 1). In addition, low-dose
GCV therapy was not associated with a paradoxical re-
sponse (Table 1).

Paradoxical responses and clinical outcomes. There were
no significant differences in successful viral clearance or in
secondary episodes of CMV infection between paradoxical
responders and nonparadoxical responders (P = 0.35 and P =
0.78, respectively; Table 2). Patients with paradoxical re-
sponses received preemptive GCV for a median of 17 days, and
the nonparadoxical response group received preemptive GCV
for 14 days (P = 0.36). The total duration of antigenemia
clearance was delayed in the paradoxical response group com-
pared with that in the nonparadoxical response group (median,
21 days versus 14 days; P < 0.001).

The incidence of breakthrough CMV diseases during pre-
emptive GCV therapy was significantly higher in paradoxical
responders (17% [4/23], two patients with gastroenteritis, one
with pneumonia, and one with CMV syndrome) than in non-
paradoxical responders (3% [2/74], one patient pneumonia and
one with gastroenteritis; P = 0.03). After 100 days following
HCT, the two groups did not differ significantly in the number
of patients who developed confirmed late CMV disease (4% in
both groups). By 1 year after transplantation, 8 (35%) of 23
patients had died in the paradoxical response group, compared
with 29 (39%) in the nonparadoxical response group (P =
0.70). There were no deaths due to CMV disease in either
group.

Detailed kinetics of CMV antigenemia during preemptive
GCV therapy. Median values of CMV antigenemia increased
during the first week after preemptive GCV therapy in patients
with paradoxical responses (median, 14 [IQR, 6 to 77] before
preemptive therapy and 85 [IQR, 23 to 268] at 1 week after
preemptive therapy) and then steadily decreased over the next
3 to 4 weeks after GCV therapy (median, 3 [IQR, 1 to 22] at 2
weeks, 0 [IQR, 0 to 1] at 3 weeks, and 0 [IQR, 0 to 1] at 4 weeks
after preemptive therapy) (Fig. 1A). In nonparadoxical re-
sponders, the median CMV antigenemia values decreased over
4 weeks after preemptive GCV therapy (median, 23 [IQR, 6 to
86] before preemptive therapy and 1 [IQR, 0 to 6] at 1 week,
0 [IQR, 0 to 1] at 2 weeks, 0 [IQR, 0] at 3 weeks, and 0 [IQR,
0] at 4 weeks after preemptive therapy) (Fig. 1B). Break-
through CMV disease cases that occurred at various times
during preemptive GCV therapy are shown in Fig. 1.

DISCUSSION

This study demonstrated that paradoxical responses after
the first week of preemptive GCV therapy occurred in about
one-quarter of the HCT recipients receiving preemptive GCV
therapy. A low baseline WBC count and a longer duration of
CMYV antigenemia before GCV therapy were associated with
paradoxical responses. Breakthrough CMV disease during pre-
emptive GCV therapy occurred more frequently in these par-
adoxical responders, but there was no significant association of
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TABLE 1. Baseline clinical characteristics and risk factors for increasing antigenemia of HCT recipients by response

Patient characteristic Paradoxical responders® Nonparadoxical responders” P value
Median age [yr (range)] 47 (20-63) 42 (16-70) 0.70
No. (%) of males 11 (48) 46 (62) 0.22
No. (%) with diagnosis of: 0.73
Acute myeloid leukemia 11 (48) 36 (49)
Acute lymphoblastic leukemia 4 (17) 16 (22)
Chronic myeloid leukemia 0 1(1)
Aplastic anemia 2(9) 9(12)
Myelodysplastic syndrome 5(22) 6(8)
Non-Hodgkin lymphoma 1(4) 5(7)
Paroxysmal nocturnal hemoglobinuria 0 1(1)

No. (%) whose underlying disease was:

Hypertension 22 (96) 60 (81) 0.11
Diabetes mellitus 1(4) 6(8) >0.99
Hemodialysis 0 1(1) >0.99
Heart failure 0 3(4) >0.99
Solid tumor 1(4) 1(1) 0.42
No. (%) with following transplant type: 0.08
Allogeneic, sibling 9(39) 24 (32)
Allogeneic, family donor other than sibling 11 (48) 22 (30)
Allogeneic, unrelated 3(13) 28 (38)
No. (%) whose stem cell source was: 0.95
Bone marrow 3(13) 10 (13.5)
Peripheral blood 20 (87) 64 (87.5)
No. (%) whose conditioning regimen was: 0.15
Cyclophosphamide + ATG 0 4(5)
Busulfan + cyclophosphamide 2(9) 7 (10)
Cyclophosphamide + fludarabine + ATG 1(4) 2(3)
Busulfan + fludarabine + ATG 19 (83) 52 (70)
Other 1(4) 9 (12)
No. (%) of donors CMV serology positive 23 (100) 73 (99) >0.99
No. (%) of recipients CMV serology positive 23 (100) 74 (100) >0.99
Median WBC count/mm? before GCV treatment (IQR) 2,700 (1,500-3,700) 3,900 (2,175-5,800) 0.02
Median hemoglobin level (g/dl) before GCV treatment (IQR) 9.9 (8.9-11.3) 10.1 (9.1-11.2) 0.89
Median platelet count (10°/mm?®) before GCV treatment 108 (44-166) 114 (31-183) 0.79
(IQR)
Median baseline antigenemia level (IQR) 14 (6-77) 23 (6-86) 0.96
Median duration of antigenemia positivity prior to antiviral 7.0 (0-14) 0(0-7) 0.04
therapy (IQR)
No. (%) who received preemptive GCV therapy 0.63
Low dose 14 (61) 39 (53)
Conventional dose 9 (39) 35 (47)
Immunosuppressed status
Median change in cyclosporine at first antigenemia (IQR) 69 (53-72) 69 (49-89) 0.84
Median no. of mg of ATG used (IQR) 175 (150-199) 180 (160-220) 0.83
No. (%) using steroids at:
0 mg/kg 14 (60) 37 (50) 0.85
<1 mg/kg 5(22) 20 (27)
1-2 mg/kg 2(9) 9 (12)
=2 mg/kg 2(9) 8(11)
No. (%) who experienced GVHD in first 100 days 10 (44) 36 (49) 0.66
No. (%) with GVHD 0.41
Grade 1 1(10) 3(8)
Grade 2 5(50) 12 (33)
Grade 3 2(20) 11 (31)
Grade 4 2 (20) 10 (28)
“Total n = 23.

> Total n = 74.
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TABLE 2. Comparison of outcomes of paradoxical and nonparadoxical responders who received preemptive GCV therapy

Parameter Paradoxical responders® Nonparadoxical responders” P value

Median total duration [days (IQR)] of:

GCV use 17 (13-20) 13.5 (7-19) 0.36

Antigenemia clearance 21 (21-21) 14 (7-21) <0.001
Median posttreatment antigenemia level (IQR)“ 85 (23-268) 1 (0-6) <0.001
No. (%) with:

Successful viral clearance 20 (87) 70 (95) 0.35

Secondary episode of CMV infection 6 (26) 17 (23) 0.78
Mean no. of days to onset of secondary episode 30.3 =339 522 +37.0 0.13

after transplantation = SD

CMV disease

Breakthrough disease 4(17) 2(3) 0.03

Late infection 1(4) 3(4) >0.99
Overall no. (%) of deaths 8(35) 29 (39) 0.70
No. of CMV-related deaths 0 0

“Total n = 23.

> Total n = 74.

¢ Posttreatment levels are antigenemia levels measured after 7 days of GCV treatment.

paradoxical responses with late CMV disease or CMV-related
death during preemptive therapy.

There are limited data on risk factors for paradoxical rising
CMYV antigenemia in patients who receive preemptive GCV
therapy. Gerna et al. reported that the duration of antigenemia
positivity prior to antiviral therapy was shorter, and the pre-
treatment level of antigenemia was lower, in paradoxical re-
sponders than in nonparadoxical responders (7). However, our
study showed that a low baseline WBC count and a longer
duration of CMV antigenemia before GCV therapy were as-
sociated with paradoxical response. To our knowledge, there
are only two studies that have addressed the possibility that
these clinical variables are positively or negatively associated
with a paradoxical response. However, the previous study (7)
included a small number of patients (n = 18) and in our study,
the WBC ranges of the two groups overlapped. In addition, the
previous study was specific to solid organ transplantation (7)
while ours was specific to HCT. Further studies on initial
laboratory parameters for predicting paradoxical response are
needed.

We did not find that the use of immunosuppressive agents
such as steroids, ATG, and cyclosporine, including percent
changes in the cyclosporine dosage, had any association with
paradoxical responses during preemptive GCV therapy. In ad-
dition, we found no dose-response relationship between ste-
roid use and paradoxical responses. However, the previous
studies showed that the immune status of the patients, such as
the use of corticosteroids, was significantly associated with
increasing CMV antigenemia during preemptive GCV therapy
(9, 15). In contrast to this finding, a recent study reported that
steroid use was not associated with paradoxical rising CMV
PCR values during therapy (4), which is in line with our find-
ing. The reason for this discrepancy is not clear. The use of
immunosuppressive agents, including steroids, is affected by
the presence or absence of GVHD, donor human leukocyte
antigen matching, or the presence or absence of infectious
complications. It is therefore difficult to demonstrate a true
association of immunosuppressive agents with paradoxical re-

sponses. However, it is known that the clearance of CMV is
affected by host immune status (i.e., CMV-seronegative recip-
ients in solid organ transplantation) (16). So, we assume that
cautious modification of immunosuppressive agents is needed
in patients with paradoxical rising CMV antigenemia during
GCYV therapy until further larger studies reveal the true asso-
ciation of immunosuppressive agents with paradoxical re-
sponses.

It is worth mentioning the relationships between paradoxical
rising CMV antigenemia and CMV DNA PCR or blood CMV
culture results during preemptive GCV therapy. Nichols et al.
showed that 33 (28%) of 119 patients who received GCV had
at least a 5-fold increase in CMV antigenemia from the base-
line and that this rising CMV antigenemia was well correlated
with quantitative CMV PCR results in 10 consecutive patients
of those with a 5-fold CMV antigenemia increase from the
baseline (15). In contrast, Gerna et al. reported that one-
quarter of their patients with rising CMV antigenemia during
GCYV therapy revealed rising CMV PCR values and increasing
viral titers (so-called “dissociate increase in CMV antigen-
emia”) while three-quarters of those with CMV antigenemia
during GCV therapy showed decreasing CMV PCR values and
viral titers (9). They also hypothesized that the pathogenetic
basis for such a “dissociate increase in CMV antigenemia” may
be the partial synthesis of CMV phosphoprotein 65 caused by
the use of GCV concentrations in the rage of 90 to 99% of the
inhibitory dose (8). In this context, they suggested that rising
CMV antigenemia with decreasing CMV PCR values do not
warrant the modification of GCV therapy. However, the pre-
vious studies did not demonstrate that the patients with initial
paradoxical rising CMV PCR values or CMV antigenemia
were associated with breakthrough CMV disease (9, 15). So, it
is an interesting issue whether rising CMV PCR values during
1 week of GCV therapy are truly associated with breakthrough
CMV disease. Unfortunately, our hospital did not routinely
perform quantitative CMV PCR assays and blood CMV cul-
tures. Further studies on this issue are needed.

There are some reasons for the failure of preemptive GCV,
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FIG. 1. Detailed kinetic data of CMV antigenemia titers of para-
doxical responders (A) and nonparadoxical responders (B) after pre-
emptive GCV therapy. Patients who developed breakthrough CMV
diseases are represented by closed circles. The bars indicate median
CMYV antigenemia values.

including a failure to detect CMV before the onset of disease
(six [2%] of 256 HCT recipients in this study), CMV progres-
sion during preemptive therapy (breakthrough CMV disease),
and relapse after the discontinuation of preemptive therapy
(late CMV disease) (2). Gerna et al. recommended that treat-
ment modifications, such as increasing the GCV dose or
switching to alternative antiviral agents, are not needed for
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patients with rising CMV antigen titers during the early phase
of preemptive GCV therapy (7). This recommendation is also
supported by the previous report (15) that 8 (17%) of 47
patients with CMV antigenemia increased at least 2 times
above the baseline developed CMV disease while 8 (12%) of
68 patients with no rising CMV antigenemia developed CMV
disease (P > 0.05). However, we clearly showed that break-
through CMV disease during preemptive GCV therapy oc-
curred more frequently in paradoxical responders than in non-
paradoxical responders. So, we assume that, until further
studies are available, induction preemptive therapy may be
extended or reinduction may be initiated if the patient with a
rise in CMV antigenemia (or viremia or DNAemia) has al-
ready transitioned to maintenance therapy. In addition, careful
monitoring of breakthrough CMV disease during GCV ther-
apy is needed in paradoxical responders, because paradoxical
rising CMV antigenemia might herald breakthrough CMV dis-
ease. Interestingly, there were no differences in successful viral
clearance and late CMV diseases between paradoxical re-
sponders and nonparadoxical responders; however, this is con-
sistent with previous studies (7, 15). Therefore, a switch from
routine treatment to alternative regimens for paradoxical re-
sponders during preemptive GCV therapy may not be war-
ranted.

This study has a few limitations. First, the question of
whether a paradoxical response during preemptive therapy is a
kind of missed CMV disease arises. This is not likely, consid-
ering the strict exclusion criteria that were used. In addition,
attending physicians performed thorough studies to distinguish
preemptive GCV therapy for CMV infection from GCV treat-
ment for CMV disease prior to GCV use. Second, our study
permitted two dosing strategies, low-dose GCV and conven-
tional-dose preemptive GCV therapy, which may confound
paradoxical rising CMV antigenemia during GCV therapy.
However, low-dose GCV therapy was not associated with par-
adoxical responses (P = 0.63). Furthermore, additional anal-
ysis demonstrated that low-dose GCV may be safe and at least
as effective as preemptive therapy for CMV viremia in alloge-
neic HCT recipients, compared with conventional-dose GCV
(data not shown). Third, we did not perform quantitative real-
time CMV PCR prior to and during preemptive GCV therapy,
so we could not evaluate the emergence of GCV-resistant
infection during preemptive GCV therapy. However, we as-
sume that it may be rare that 1 week of GCV use results in the
emergence of resistance, because prolonged GCV exposure
with ongoing high viral replication and impaired host defenses
is usually associated with the emergence of GCV-resistant
strains (10, 12, 14). Indeed, the previous studies showed that
no GCV-resistant strain was detected in patients with rising
CMV PCR levels during 1 week of GCV therapy (4, 9, 10).

In conclusion, paradoxical responses occurred in one-quar-
ter of our HCT recipients receiving preemptive GCV therapy.
Low WBC counts and long durations of CMV antigenemia
before GCV therapy were associated with paradoxical re-
sponses, and breakthrough CMV disease during preemptive
GCV therapy more frequently occurred in paradoxical re-
sponders. We identified the impact of paradoxical response on
the outcomes of patients receiving preemptive GCV therapy
after allogeneic HCT.
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