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Rising pp65 antigenemia during preemptive anticytomegalovirus therapy after

allogeneic hematopoietic stem cell transplantation: risk factors, correlation with
DNA load, and outcomes

W. Garrett Nichols, Lawrence Corey, Ted Gooley, W. Lawrence Drew, Richard Miner, Meei-Li Huang, Chris Davis, and Michael Boeckh

To determine the risk factors and out-
comes associated with rising cytomegalo-
virus (CMV) antigenemia levels during
preemptive therapy among stem cell allo-
graft recipients, 119 patients with CMV
antigenemia were studied. Patients were
prospectively monitored for CMV antigen-
emia weekly; those with positive findings
on antigenemia tests were treated with
intravenous ganciclovir (5 mg/kg twice
daily for 1 week, followed by 5 mg/kg per
day for 5-6 d/wk). While on therapy, 47 of
119 (39%) patients demonstrated in-
creases that were 2 or more times greater
than their baseline values, whereas 33 of
119 (28%) patients demonstrated in-
creases that were 5 or more times greater.
Rising antigenemia was confirmed by

polymerase chain reaction for CMV DNA.
Multivariate analysis identified corticoste-
roids as the primary risk factor for increas-
ing antigenemia: for increases greater
than or equal to twice the baseline, 1 to 2
mg/kg steroids was associated with an
odds ratio (OR) of 4.0. For increases
greater than or equal to 2 mg/kg steroids,
the OR was 10.1. CMV isolates obtained
at the time of rising antigenemia were
susceptible to ganciclovir, indicating that
resistance was not a major factor. Over-
all, rising antigenemia levels were not
correlated with CMV disease. All 4 pa-
tients in whom CMV disease developed
during therapy, however, had rising anti-
genemia levels. Among the 47 patients
with antigenemia increases greater than

or equal to twice the baseline, 15 were
re-induced with antivirals, whereas 32
continued to receive maintenance therapy.

All 4 patients in whom CMV disease devel-
oped during therapy received mainte-
nance therapy, and 3 died with CMV dis-
ease. Thus, host factors such as the
receipt of corticosteroids explain increas-

ing viral load during the early phase of
preemptive therapy. Continued induction

dosing or re-induction may protect
against early breakthrough CMV disease
and CMV-related death among patients
with rising antigenemia on preemptive

therapy. (Blood. 2001;97:867-874)
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Introduction
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Cytomegalovirus (CMV) continues to be a major cause of morbidisk for the development of overt CMV diseds&uantitative

ity and mortality in patients undergoing hematopoietic stem cedissays also have the potential for monitoring a patient's virologic
transplantation (HSCT). Although antiviral prophylaxis has led to gesponse to antiviral therapy. Wand other investigatofshow-
significant reduction in early CMV disease after bone marrogver, have noted a substantial proportion of patients whose levet of
transplantation? toxicity associated with the available antiviralPP65 antigenemia increases while they receive preemptive therapy;
agents (ganciclovir, foscarnet, and cidofovir) remains problematf&e underlying mechanism and clinical significance of this findig

Furthermore, ganciclovir prophylaxis given at engraftment @€ unknown. We thus sought to determine the risk factors gr
associated with increased invasive fungal infeciomsd delays Ncreasing antigenemia among recipients of allogeneic HSCT ‘@0
CMV-specific T-cell reconstitutiofthereby increasing the risk for '€C€ive preemptive therapy, and to determine whether increagng

late CMV diseasé.Newer more sensitive methods. such as th%ntigenemia was associated with poor outcome. Outcomes relgted

pp65 antigenemia assay or plasma polymerase chain reactﬁ%ﬁhe manggementof anti-CMV therapy in patients with increasig

(PCR) for CMV DNA, can now detect CMV replication in theantlgenemla were also investigated to determine whether rou‘gne

. . changes in antiviral therapy are warranted.
bloodstream before the advent of disease. This has alloweaa 9 by

“preemptive therapy” to be directed only toward patients at highest

risk for CMV disease, sparing many from the toxicity of univer-

sally applied antiviral prophylaxis. Patients and methods
The antigenemia assay may have additional benefits because of

its quantitative nature. In the absence of antiviral therapy, highBgtients

levels of CMV viral load, as measured by the pp65 antigenemjgy patients undergoing allogeneic HSCT between August 1, 1995 and June
assay or PCR for CMV DNA, have been correlated with increased, 1997, were eligible for inclusion; all patients received non—T-cell
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depleted allografts. Patients were prospectively monitored weekly for pp66bgroup of 10 consecutive patients whose antigenemia levels rose 5 or

antigenemia; patients with positive antigenemia test findings were includembre times above baseline. DNA was extracted from 2D@lasma using

in the analysis. Clinical and laboratory data were extracted from @IAamp DNA blood kit (Qiagen) and eluted with 1@Q Tris (10 mM, pH

prospectively entered computerized database. Conditioning for stem &WD). Ten microliters DNA was used for each PCR reaction. Primers (CytoF,

transplantatio;'! prophylaxis!?13 and treatmedt of graft-versus-host CCAGTG CCC GCAGTT TTTATT, CytoR, ACC GGA GAA GAG CCC

disease (GVHD) was performed according to current protocols. Additional'G TC) and probe (CytoG, AAC ATA ACG TGG GAT CTC CAC GCG

supportive care for herpes simplex virus—seropositive patients includdéT) were used to amplify and detect 86 bp UL123 region. Reaction

acyclovir 250 mg/mintravenously twice daily from the start of condition conditions and analysis were performed as previously desctib&de

ing until day 30 after transplantation or the resolution of chemotherapyagMan assay has a dynamic range of 5dagppies/mL and a lower limit

induced mucositis, whichever occurred first. of detection of 50 copies/mL. Concordance between pp65 antigenemia and
Underlying disease was classified as advanced for all patients nottlire TagMan assay was 84.5% in a recent prospective study of 1983 blood

remission, patients with acute nonlymphocytic leukemia in second or latsmples from HSCT recipients; the TagMan assay appeared to have higher

remission, and patients with acute lymphocytic leukemia in third or lateensitivity and excellent specificity (M.B., unpublished data).

remission. Patients with chronic myelogenous leukemia were classified as

having advanced disease if they were in blast crisis at time of transplantmtiviral susceptibility assays

tion. Patients with multiple myeloma, RAEB, or RAEB-T were also . . o
classified as having advanced disease. All other patients were classified'&i@ndard plague reduction assay was used to determine susceptibility to

not having advanced disease. Assessment and staging of GVHD was nfdfiviral agents? Briefly, human foreskin fibroblasts (MRHF cells) were,
according to the established categories for acute G¥Hpproval was Se€ded in 24-well plates and infected with HCMV (50-100 plaque-formigg
obtained from the institutional review board for these studies. Informétflits per well). The plates were incubated at 37°C for 3 hours to allow o

consent was provided according to the Declaration of Helsinki. virus adsorption. Unadsorbed virus was removed and replaced \§ith
minimal essential medium containing varying concentrations of ganciclogir

Cytomegalovirus antigenemia monitoring and foscarnet. The plates were incubated for 7 days. Cultures V\%re
terminated by fixation with 100% methanol. Plaques were stained vith

=

Weekly heparinized blood samples were fractionated by dextran sedimenjgight-Giemsa stain and counted under low-power microscopy. 2
tion. Slides were prepared in duplicate after cytocentrifugation<11%° 2
cells were fixed with formaldehyde and stained with C10/C11 monoclonal g%,
antibodies that target pp65 Ag (CMV Brite; Biotest Diagnostic, Denvillerapie 1. Characteristics of 119 recipients of allogeneic HSCT with pp65 g
NJ), as described previoust. antigenemia 2
n % g
Ganciclovir and foscarnet treatment g
Total 119 100 £
Ganciclovir treatment was started on the day of the first positive antigegye (median, range) (y) 41 (3-65) g
emia finding for all non-neutropenic patients at an induction dose of Gqer 2
mg/kg intravenously every 12 hours for 1 week and was continued aggmgle 55 46 =
maintenance therapy at 5 mg/kg once daily 5 to 6 days per week. Foscarngye 64 54 IE‘
was used for neutropenic patients (absolute neutrophil count, less th@Rerying disease §
7504.L) or at the discretion of the treating physician; induction doses were e te leukemia 42 B 2
60 mg/kg intravenously every 12 hours, with maintenance doses of 9Q . 43 % @
mg/kg once daily, 5 to 6 days per week. Preemptive antiviral therapy Wasyyelodysplasia 13 11 =
continued until day 100 after transplantation. Dose reductions according ton-Hodgkin lymphoma/Hodgkin disease 3
creatinine clearance were made on the basis of calculated creatinine mipie myeloma 7 6 =2
clearance according to adjusted ideal body weight. Granulocyte—colonyynmalignant diseases 14 PR
stimulating factor was used at the discretion of the primary physician f@fsease risk é‘
patients with neutropenia; ganciclovir dose was not reduced for neutropeggnagvanced 65 55 &
nia. “Re-induction” with twice-daily doses of ganciclovir or foscarnet for agyanced 54 45 @
rising antigenemia levels was also performed at the discretion of tR serostatus il
treating physician. D4R+ 52 a S
. D+/R— 62 52 =
Definitions DR+ s 4 %
Antigenemia course was characterized by changes in the pp65 antigenefapglitioning regimen B
level from baseline, which was defined as the antigenemia level recorded &tyclophosphamide + TBI 67 56
the first test with positive results. Increases of double the baseline ¥Ag 2 Cyclophosphamide + busulfan + TBI 5 42
baseline) thus represent increases in the number of positively staining celfgther with TBI 12 10
of greater than twice the baseline level on subsequent monitoring, while th8usulfan + cyclophosphamide 33 28
patient was receiving preemptive antiviral therapy. Increases of 5 timegther without TBI 2 2
baseline (Ag X baseline) were defined in a similar fashion. CytomegaloviPoner type
rus disease was defined as the demonstration of CMV by biopsy specimefatched related 54 45
from visceral sites (by culture or histology) or the detection of CMV by Mismatched related 14 12
culture or direct fluorescent antibody stain in bronchoalveolar lavage fluigUnrelated 20 43
in the presence of new or changing pulmonary infiltraéfeSMV disease GVHD prophylaxis
was analyzed separately as disease occurring before day 100 aftéyclosporine 6 5
transplantation (early CMV disease) and after day 100 (defined as late CM\£yclosporine + MTX 88 74
disease). CMV-related death was defined as death occurring within 6 weekg<506 + MTX 14 12
of the diagnosis of CMV disease. Other 11 9
Acute GVHD
CMV DNA testing by quantitative polymerase chain reaction Grades 0-1 27 23
Grades 2-4 92 77

Plasma samples were tested retrospectively for the presence of CMV DNA
using a quantitative fluorescent probe detection method (TagMan PCR) in a CML, chronic myelocytic leukemia; MTX, methotrexate.
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All assay points were performed in duplicate, and the data were plottEdequency, time pattern, and course of antigenemia
as percentage inhibition relative to control wells.sJCralues were ) o )
determined manually by graphic extrapolation. Sensitivity cutoff points fd@ne hundred nineteen recipients of allogeneic HSCT had CMV

ganciclovir and foscarnet weresVl and 400pM, respectively. antigenemia and were started on antiviral therapy (ganciclovir in
117, foscarnet in 2) during the study period. Time to first positive
Statistical analysis antigenemia finding did not differ between patients whose antigen-

emia levels rose on therapy (median, 40 days; range, 15 to 70 days)
To determine the risk factors associated with increasing antigenemia
logistic regression models were fit with varied levels of mcreasm%nd patients whose levels declined (median, 42 days; range, 22 to
antigenemia (more than twice the baseline, more than 5 times the baselif)days). After the initiation of therapy, 65 of 119 (55%) patients
as the outcome. Variables were first analyzed for their association with thad declining levels of antigenemia and 54 of 119 (45%) patients
probability of increasing antigenemia in univariate models and later inad rising antigenemia levels. Overall, 47 of 119 (39%) patients
multivariate models. Variables were included in multivariate models if thelyad at least a 2-fold increase from baseline, whereas 33 of 119
were significantly associated with the probability of increasing antigenemiagos) patients had at least a 5-fold increase from baseline. Peak
or if they altered the association of other variables. Cox pr°p°"'°n3|nt|genem|a levels were similar for those who increased on therapy
hazards regression models were fit to examine the association of antig 2dian, 5 cells/slide; range, 1 to 5110) versus those who declined

emia course with the time-to-event outcomes, overall mortality, and CM 5: 05 to 1382). Initial anti | |
disease. For these purposes, antigenemia was modeled as a combinatidff! gfdlan range, 0 )- Initial antigenemia level was

absolute level and slope of increase between 2 consecutive measurem&figher for those whose level decreased on therapy (medlarg, S
Both absolute level and slope were modeled as time-dependent covarig@@hs/slide; range, 0.5 to 1382) than for those who |ncrea$d
in the regression models. Time zero for these regression models was ta@@edian, 2; range, 0.5 to 88).

as the date of transplantation, and the data were left truncated so that aAmong the 47 patients who saw a 2-fold or higher i lncreasegln

patient did not enter the risk set until time of first positive antigenemigntigenemia level from baseline, 20 (43%) occurred after 1weeI§;of

finding. All P values from the regression models were 2-sided and WefRerapy, 22 (47%) after 2 weeks, 3 (6%) after 3 weeks, and 2 (@/0)
calculated from the Wald test. No adjustments were made for mUIt'péefter4 or more weeks of therapy.

comparisons.
A second model was constructed to study the influence of antigenemia
course as a time-dependent covariate on CMV disease and overall surviggyrelation of antigenemia assays with quantitative plasma
Patients in whom CMV disease developed on or before the first positiy-g for cMV DNA
antigenemia finding were excluded from this analysis.

00]q/18U"suonealgndys!

Weekly banked plasma specimens were available for analysis g a
subset of 10 consecutive patients who had more than a 5- ﬁ)ld
Results increase in pp65 antigenemia level from baseline. These samgles
were tested retrospectively by quantitative PCR for the numberf’of
One hundred nineteen consecutive patients were analyzed; patksities of CMV DNA present. The log-transformed antlgenerrga
characteristics are shown in Table 1. Follow-up data, includigvels were shown to be highly correlated with the log-transformgd
cases of CMV disease and cause of death, were available forralmber of copies of CMV DNA in this analysis & 0.69) (Figure 5
patients, with a median follow-up of 465 days (deads 89; alive, 1A); the CMV viral load as determined by both methods forg
n = 80; survival time, 30 to 1137 days) through June 30, 1998. Alepresentative patients is shown in Figure 1B. This subset analgas
surviving patients were followed for at least 1 year afteindicates that rising antigenemia level was not an assay- spegflc
transplantation. observation.
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Figure 1. Correlation between pp65 antigenemia lev- B _ 100 20000 m _ 300 40000 ,E
els and copies of CMV DNA detected by quantitative [ 80 o 9 250 -
TagMan PCR of plasma. (A) Banked plasma samples § 15000 a P 200 30000 5
from a subset of 10 consecutive patients with antigen- o 60 ; 5 o o
emia increases of greater than 5X baseline were tested < 40 10000 s « 150 20000 ;
for CMV DNA. Log-transformed quantities of the number 8 5000 > 9 100 10000 O
of pp65 Ag staining cells and number of copies of CMV & 20 g 2 50 >
DNA per milliliter plasma are highly correlated (r = 0.69). 0 0 0 0 =

. ) ) 0
(B) In two representative patients, the temporal rise and
decline of CMV viral load as measured by pp65 antigen- 12 3 456 123456
emia and CMV DNA are correlated. B indicates pp65 Ag; e as P
&, PCR titer. Week after GCV initiation Week after GCV initiation
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Risk factors for the development of increasing antigenemia Antiviral susceptibility testing and increasing antigenemia

on antiviral thera,
py Twenty-one CMV isolates from 15 patients whose antigenemia

In univariate analysis, recipients of CMV-negative marrow, reciplevels increased on ganciclovir therapy were available for antiviral
ents of allografts from unrelated donors, and patients conditionégbistance testing by plaque reduction assays; these isolates were
with total body irradiation (TBI)-containing regimens had a highepbtained after a median of 28 days of antiviral therapy (range, 14 to
risk for rising antigenemia level while on antiviral therapy#9 days). Twenty of the 21 isolates were determined to be fully
(Table 2). Furthermore, patients with grades 2-4 acute GVHD ganciclovir-susceptible. One isolate was determined to be interme-
those who received more than 1 mg/kg systemic corticosteroidstittely susceptible to ganciclovir (i of 8.7); this isolate was

the time of first antigenemia finding were at higher risk fopbtained from blood culture after 4 weeks of ganciclovir therapy.

increasing antigenemia levels. Age, gender, underlying disea!@e patient was treated initially with 4 weeks of ganciclovir and

disease risk, and GVHD prophylaxis were not significant iHa’d rising antigenemia levels. He was re-induced with 2 weeks of

univariate analysis and, therefore, were not incorporated in tﬁ%scarnet, and antllgenemla. levels declined. Ganmclov]r was then
multivariate analysis restarted and continued until day 100 after transplantation. He was

o o . . . . _alive without CMV disease or recurrent antigenemia at last contact
In multivariate analysis, receipt of high-dose systemic cortlc?-540 days after HSCT)
steroids was the only variable significantly associated with increas- '
ing antigenemia levels while patients were on antiviral therapX

(Table 2). After adjusting for the receipt of corticosteroids, ntigenemia course and CMV disease

conditioning with TBI-containing regimens was associated wittmy disease developed in 20 patients during the study period. % 4
increases more than twice the baseline but not with increases mgsgients it was noted at the same time or before the first positiVe
than 5 times baseline (though the association with 5 or more timgstigenemia finding, which meant the antigenemia course n
baseline was suggestive). Neither donor type, donor CMV serosthaerapy could not be assessed as a risk factor for subsequent GMV
tus, nor acute GVHD significantly improved the final model by theisease. These patients were excluded from analysis, leaving 16

peojumoq

likelihood ratio test. patients with CMV disease (10 patients with pneumonia, 5 wih
Table 2. Risk factors for increasing pp65 antigenemia among 119 recipients of allogeneic HSCT g
1 Ag > 2X baseline 1 Ag > 5X baseline r:%,
OR 95% ClI P OR 95% CI P g
Univariate analysis ‘%
Donor CMV serostatus N
Positive 1.0¢ 1.0¢ 3
Negative 2.5 1.2-5.4 .02 2.9 1.3-6.8 0 3
Donor type g
Matched sibling 1.0* 1.0* §
Mismatched related 0.6 0.2-2.6 .52 0.3 0.03-2.3 .23 §
Unrelated 33 15-75 .004 2.7 1.1-6.4 .03 g
Conditioning §
Non-TBI-containing 1.0* 1.0* 3
TBI-containing 3.4 1.4-8.0 .006 4.1 1.5-11.8 .008 &
Acute GVHDT =
Grades 0-1 1.0* 1.0 &
Grades 2-4 3.9 1.3-11.1 .01 14.3 1.8-110.7 .01 S
Grades 3-4 1.6 0.7-3.6 .25 1.7 0.7-4.1 .22 g
Steroid use at 15t Ag + ve 2
None 1.0¢ 1.0 S
<1 mg/kg 4.1 0.9-17.4 .06 4.3 0.4-51.3 .25 =
12 mg/kg 4.3 1.2-15.3 .03 14.3 1.7-120.2 .01
=2 mg/kg 10.5 3.1-35.8 .0002 28.6 3.6-229.7 .002
Multivariate analysist
Conditioning
Non-TBI-containing 1.0*
TBI-containing 2.6 1.0-6.8 .04
Steroid use at 15t Ag + ve
None 1.0* 1.0*
<1 mg/kg 5.0 1.0-24.5 .05 4.3 0.4-51.3 .25
1-2 mg/kg 4.0 1.0-16.8 .06 14.3 1.7-120.2 .01
=2 mg/kg 10.1 2.6-40.2 .001 28.6 3.6-229.7 .002

Variables found not significant in univariate analysis were age, gender, underlying disease, disease risk, and GVHD prophylaxis.

*Reference category.

TIf GVHD occurred after a rise in antigenemia level, this was regarded as grades 0-1 in the regression model.

FFor > 2X baseline, the likelihood ratio test for adding donor type to the model above yielded P = .16; for donor CMV serostatus, P = .25; for grades 2-4 GVHD, P = .73.
For > 5X baseline, the likelihood ratio test for adding TBI-containing conditioning to the model above yielded P = .09; for donor type, P = .13; for donor CMV serostatus, P =
.09; for grades 2-4 GVHD, P = .23.
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enteritis, 1 with hepatitis). Disease deve|0ped in12 (750/0) of the&ble 3. Antiviral therapy and clinical outcome for patients with at least 2 X
patients after the completion of preemptive antiviral therapy (molease from baseline antigenemia level

than 100 days after transplantation); the median onset of late CMV Mg‘\f}te"fgg R_e‘;”gg%i"“
disease was at day 212 after HSCT (range, 133-425 days). In 4 ¢ n?J/o) ”2;5“(%?

(25%) patients, CMV disease developed before day 100, while the

. L. . .. . . Pa{ient characteristics
patients were receiving preemptive antiviral therapy; median onsée
CMV serostatus D+/R+ 12 0f32(38) 6 0f 15 (40)

was 66 days after transplantation (range, 47-94 days), a median o

A “ > - D+/R— 190f32(59) 9 of 15 (60)
21 days after the initiation of antiviral therapy at first positive D—/R+ 10f32 (3) 00f 15 (0)
antigenemia ﬁnding (ran961 18-40 days). Donor type Matched/related 110f32(34) 20f15(13)
Among patients whose antigenemia levels at least doubled Mismatched/unrelated 21 0f32(66) 13 of 15 (87)
above baseline during the first 100 days after transplantation, 8 afvHD grade 0-1 10f32(3) 10f15(7)
47 (17%) developed CMV disease at any time after transplantation, 2-4 310f32(97) 140f15(93)
compared with 8 of 68 (12%) of those whose antigenemia levelssteroids None 10of32(3) 00f15(0)
did not double above baselin® ¢ .05). Among those whose =1mglkg 50f32(16)  10f15(7)
levels increased at least 5 times above baseline, CMV disease 1-2mglkg 100f32(31)  40f15(27)
ceveloped n 5 of 33 (159 comparec wilh 11 of 82 (1399 ol hose, e, e wase)
Wlthout a 5-fold increase abO\{e base_llne. Nelthe'r initial an'_ﬂgen- 10 baseline 100132 (31) 12 of 15 (80) %
emia level nor maximum antigenemia level while on antiviral |y aq 052 200132(63) 50f15 (3) g
therapy was associated with the development of CMV disease (data 2510 60f32(19)  60f15(40) &
not shown). Three patients with early CMV disease had at least a 10.5-50 30f32(9) 40f 15 (27) g
2-fold rise from baseline, whereas one patient with early CMV >50 30f32(9) 00f 15 (0) F
disease narrowly missed this definition (increase from 11 cells/slidétaximum Ag 1-50 250f32(78)  7of 15 (47) %
to 21 cells/slide). Three of 4 of these patients died with CMV 51-100 30f32(9) 00f15(0) 'ér
disease (2 with pneumonitis, 1 with gastrointestinal disease). Early 101-500 sof32(9)  20f15(13) g
CMV disease did not occur among patients with less than 2-fold =500 tofs2(3) - Gof15¢40) 2
increases from baseline. Rising antigenemia level was not assc?(f‘(l:t-chj\rfz_s —bay 100 40f32 (13 00f15 (0 g
ate_d with I_ate CMV dis_ease (4 of 47 pr?\tients with vs 8 of 68 sease ;DZ 100 zzf 2 26)) zzf 15 21)3) §
patients without 2-fold increases); all 3 instances of late CMV- 5, c;use mortality Day 100 60f32(19)  10f15(7) &
related mortality occurred among patients without rising antigen- Day 365 130f32(41) 40f15(27) &
emia levels. Non-relapse mortality ~ Day 100 60f31(19)  10f14(7) g
Antigenemia level was modeled as a time-dependent covariate, Day 365 10026 (38) 40f14(29) &
as was the change in antigenemia level between successive, ganciclovir: FOS, foscammet. §
measurements (the slope was calculated between successive pomts?. 3
Cox regression models were used to assess the association of each 2
with the hazard of CMV disease. Given the relatively low numbenf those continued on maintenance therapy, CMV disease degel-
of cases of CMV disease, we included only the level of antigenemiged in 4 of 32 (13%) before maintenance therapy was discon@n-
(=]

and the change in the regression model. Neither level nor changgy at day 100; 3 of 4 of these patients died with CMV disea3e
was associated with the hazard of CMV disedse=(.46 for level; (Figure 2). No patient acquired early CMV disease after @-

P = .46 for change). induction doses of ganciclovir or foscarnet. Late CMV diseaée
_ _ ‘ developed in 2 of 32 (6%) patients receiving maintenance therapy,
Antigenemia course and survival whereas 2 of 15 (13%) acquired late disease after receivﬁ?ﬂg

. . . . re-induction for increasing antigenemia levels; no one died of late
As summarized above for CMV disease, antigenemia level w. ; .
. . . V disease. All-cause mortality rates at days 100 and 385
modeled as a time-dependent covariate, as was the change in level . . .
. . appeared to be higher for recipients of maintenance therapy (1%
between successive measurements. Neither level nor change sho - .
41%, respectively) than for those who were re-induced (g%

. o . an
?Sis_légsgfeosrn?er:/;f gs:s?glgt;(())rr] Zvr:tsrt]n;hee) r:)arlzt?]rs ﬁ;g;/redra(l)lf??;g';/nd 27%); these differenc_es were not statistically significant ahd
mortality (P = .64 ’for level,P = .75 for change) could have been strongly influenced by other factors known to be

' ' ' ' associated with survival. Further breakdown by specific antiviral
agent (foscarnet, ganciclovir) yielded groups too small for statisti-

Effects of antiviral re-induction on clinical outcomes for .
cal analysis.

patients with rising antigenemia levels

Forty-seven patients had at least a 2-fold rise in antigenemia level

from baseline, despite ongoing daily antiviral therapy. DailpDiscussion

maintenance therapy with either foscarnet or ganciclovir was

continued in 32 of these patients; 15 patients were re-induced withthe absence of antiviral therapy, the positive predictive value of
ganciclovir or foscarnet twice daily in a nonrandomized fashiol€MV antigenemia, CMV DNAemia by PCR, or culture-proven
Patients who were re-induced had significantly higher maximuwiremia for the development of CMV disease has been well
antigenemia values and greater increases above baseline than tdlosamented, particularly in patients with no or mild GVHD. In
who continued on maintenance therapy (Table 3). After a mediarit8s setting, early antiviral therapy based on systemicviral load can
weeks (range, 1-5 weeks) of increasing antigenemia, all those whr@vent the development of CMV disease. In patients with risk
were re-induced had declining values during the following weekactors such as severe GVHD requiring high-dose steroids, rapid
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N Figure 2. CMV disease among 119 transplant recipi-
l 4 cases prior to 2nd Ag . . ) h )
20 cases/119 patients (17%) —_ ents with CMV antigenemia, according to antigen-
(excluded from analysis)t [ emia trend and antiviral strategy. ~CMV disease devel-
* oped in 16 of 115 evaluable patients with CMV
- antigenemia. All cases of early CMV disease took place
I 16 cases/113 patients (14%) | among patients with rising antigenemia levels who were

A not re-induced with antivirals (ie, continued on mainte-
nance doses); 3 of 4 of these patients died with CMV

Early di < day 100 - disease. Antigenemia course or antiviral strategy did not
arly disease (< day ) Late disease (> day 100) seem to predict the development of late CMV disease.
4/115 (3.5%) 12/115 (10.4%) indicates that antigenemia trend could not be assessed
/\ /\ as arisk factor for disease (see text); *, increases in pp65
antigenemia from “baseline” value (for definition, see
Ag<2x* Ag>2x* Ag<2x* Ag>2x* text).
0/68 (0%) 4/47 (8.5%) 8/68 (11.8%) 4/47 (8.5%)
Maintenance therapy Reinduction Maintenance therapy Reinduction
4/32 (12.5%) 0/15 (0%) 2/32 (6.3%) 2/15(13.3%)

peojumoq

progression from low-grade antigenemia to CMV disease may bere 4 times as likely to experience doubling of their antigenerﬁia
more likely” At our center, all allogeneic patients are thus treatddvels, whereas those receiving 2 mg/kg or more per day weres10
with ganciclovir at the first positive antigenemia finding, regardlegsnes as likely to reach this endpoint. Rising antigenemia Ie\izel
of level. Using this preemptive strategy, we recently reported tliiring therapy did not appear to be an assay-specific phenomegon;
incidence of early CMV disease (ie, that occurring before day 10@deed, correlation between pp65 Ag and plasma PCR for CI@V
after transplantation) to be comparable to that of universal prophPNA was high in a subset of these patients (Figure 1). Of interest,
laxis at engraftment (3.8% vs 2.7%), with a substantially reducede CMV isolates recovered during periods of rising antigenengia
incidence of invasive fungal disease (5% vs 189dpreemptive levels were still susceptible to ganciclovir in adequate dosgs,
therapy, however, still allows some early breakthrough CMYhdicating that host factors (rather than resistance to antivir%s)
disease to occur. This happens in one of 2 settings: disease devetogmain the phenomenon in this early post-transplantation periot%. It
before the patient tests positive by antigenemia assay (and tligigmportant to note, however, that resistance may play a far mgre
does not receive antiviral therapy), or disease develops despite significant role in the pathogenesis of late CMV disease, whicfléis
application of antivirals for antigenemia. For the former group afften associated with prolonged courses of anti-CMV therapy. §
patients, more sensitive surveillance tests are needed to allow earlyTo demonstrate a significant association between outcomeg(in
detection of viral reactivation. We were interested to determiribis case, rising antigenemia level) and steroid use is often difficﬁlt,
whether rising antigenemia levels predicted breakthrough diseageen the potential confounding by donor human leukocyte antig;;én
in the latter group. matching and the presence or absence of GVHD. However, wigen
Our study indicates that rising antigenemia levels while osteroid use was added to logistic regression models that contaii\ed
antiviral therapy appears “real” (ie, is associated with increasingrious combinations of predictor variables (donor type, presegce
levels of CMV DNA in plasma) and may be correlated withof GVHD, use of TBI, and donor CMV serostatus), the modefs
breakthrough cases of CMV disease and CMV-related deathere always significantly improved. This suggests that steroid &se
Furthermore, our data indicate that most patients can be succéssssociated with the probability of rising antigenemia levels, even
fully treated by resuming induction doses of the antiviral they a&ter adjusting for combinations of these other variables. On @e
currently receiving. other hand, once steroid use was included in a regression mael,
Overall, 1 week of induction therapy followed by maintenancenclusion of these other variables either led to a suggestivgly
therapy 5 or 6 days per week for CMV antigenemia was successiimproved model (in TBI) or models that were improved littl&
in rapidly reducing the viral load for more than 50% of our patientTable 2). Thus, although donor type and GVHD are associaEed
after HSCT. However, 2- and 5-fold rises in antigenemia wengith rising antigenemia levels in the univariate model, the correla-
observed in 39% and 28% of patients receiving antiviral theragypn with rising antigenemia level appears to be primarily driven by
respectively. These were early events: of those with 2-fold t¢ie corticosteroids administered to patients with GVHD. The
higher increases from baseline, 43% reached this endpoint aftestiong dose-response relation (ie, higher probability of rising
week of induction doses of ganciclovir, and an additional 47%ntigenemia with increasing steroid dose) we have demonstrated
reached this endpoint after only 1 week of maintenance theragypports this assertion, as do previously noted associations be-
While extending the induction period to 2 weeks (as recentlyeen recurrent CMV DNAemia and the cumulative dose of
reported by Einsele et®d) would likely decrease the incidence ofprednisoloné? It is likely that the “steroid effect” is related to the
antigenemia rises noted in week 2, this would also result arcute alteration in T-cell-mediated immunity that occurs after the
“over-treatment” of the 61% of patients who had acceptabldministration of high-dose corticosteroids.
virologic responses. Thus, 1 week of induction therapy followed by Recent insight into the dynamics of CMV replication in the
viral load assessments may be used to “tailor” therapy for thoseimmunocompromised host has shed further light on the phenom-
highest risk. enon of rising viral load on antivirals. Although CMV is perceived
The major factor associated with rising antigenemia levels a slowly replicating virus because of the delayed appearance of
during antiviral therapy was the receipt of high-dose corticosteytopathic effects when grown in tissue culture, Emery 8tralve
roids for GVHD. Patients who received 1 to 2 mg/kg steroids dailsecently demonstrated that the virus has a doubling time of
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approximately 1 day in patients who undergo bone marromarrow from unrelated donors and recipients of T-cell-depleted
transplantation when frequent measurements are made by quantitarrow?*26|n our study of patients with unmanipulated allogeneic
tive—competitive PCR. Notably, the half-life of CMV in less-grafts, high-dose corticosteroid therapy also appears to be a risk
immunocompromised recipients of liver transplants appeared tofaetor for virologic and clinical failure.
at least 2 days, highlighting the importance of host immune status Antiviral resistance testing in our study demonstrated that
in viral control. Our data, which document rapidly rising titers ofjanciclovir- or foscarnet-resistant strains were rare and did not
CMYV even while the patient is on antiviral therapy, corroborate thexplain the phenomenon of increasing pp65 antigenemia. Thus,
observations of Emery et al. These investigators also suggest timaitine “switches” to alternative antivirals are not needed. Rather,
trends in CMV viral load on therapy have the potential to gauge the patients with risk factors for poor immune reconstitution against
relative efficacy of different anti-CMV compounésOur data CMV infection, it appears that the dosing interval for anti-CMV
suggest that corticosteroid dose (and other measures of immunoshprapy is crucial for CMV control. Quantitation of pp65 antigen-
pression) must be considered if mathematical modeling is appliechia (or other quantitative assays, such as plasma or PBL PCR for
to assess the activity of these compounds. CMV DNA) may be particularly useful for monitoring this

In our study, increasing antigenemia level was not associatgdpulation. Prolonged induction courses or re-induction may thus
with a statistically significant increase in the overall incidence dfe necessary in certain high-risk populations (such as those with
CMV disease. However, our sample size may have been insufBHD requiring high-dose corticosteroids) with increasing virg|
cient to demonstrate this association. Interestingly, all 4 patienimd to achieve viral suppression and to prevent the developmer%t of
with early CMV disease that developed while the patient was @MV disease. Although the strategy of re-induction has not b@n
preemptive therapy affected patients whose antigenemia level ro@dely applied in patients who undergo HSCT, it is worth non@
significantly from baseline. Although ours was not a randomize#at this principle is well established for the treatment of CMV ref-
trial, it is also important to note that early CMV disease did natitis in patients with acquired immunodeficiency syndréthe. 3
develop in any patient who was re-induced with ganciclovir or In conclusion, our study has shown that host factors (such asghe
foscarnet because of increasing antigenemia level, whereas it gideipt of high-dose corticosteroids for GVHD) are the primaify
develop in 4 patients who were continued on maintenance theraggdictors of increasing CMV viral load on preemptive ant|v|ra1
(and 3 died of CMV disease). As shown in Table 3, imbalances diflerapy. Although the overall incidence of CMV disease agd
exist between the groups: patients who were re-induced had highesrtality was not different between those whose levels increaged
levels of maximum antigenemia and significantly greater increasg@sd those whose levels decreased on therapy, more patients vith
from baseline than those who received maintenance. This is toiR€reasing antigenemia levels progressed directly to CMV disedse
expected; higher antigenemia levels clearly prompted the selectiggd CMV-related death) despite maintenance antiviral theraiay
use of re-induction therapy. However, such poor immunologiGiven the results of this study, we have modified our preempt*g/e
control of CMV would be expected to yield a higher incidence oftrategy® for patients with more than two-fold increases frorg
CMV disease rather than the contrary. baseline; these patients now continue to receive induction dose$ of

The half-life of ganciclovir in plasma averages only 3 to 4ntivirals or are re-induced until viral control is achieved.
hours, though the intracellular half-life of the active metabolite

(ganciclovir-triphosphate) is thought to be 18 hours or loAgé.

patients with risk factors for poor immune responses to CMV, the

relative efficacy of antiviral therapy for controlling CMV replica- Acknowledgment
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