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Background. We report on predictors of adenovirus (ADV) viremia and correlation of ADV viral kinetics with mortality in ex
vivo T-cell depleted (TCD) hematopoietic cell transplant (HCT).

Methods. T cell-depleted HCT recipients from January 1, 2012 through September 30, 2018 were prospectively monitored for
ADV in the plasma through Day (D) +100 posttransplant or for 16 weeks after the onset of ADV viremia. Adenovirus viremia was
defined as >2 consecutive viral loads (VLs) >1000 copies/mL through D +100. Time-averaged area under the curve (AAUC) or
peak ADV VL through 16 weeks after onset of ADV viremia were explored as predictors of mortality in Cox models.

Results.  Of 586 patients (adult 81.7%), 51 (8.7%) developed ADV viremia by D +100. Age <18 years, recipient cytomegalovirus
seropositivity, absolute lymphocyte count <300 cells/uL at D +30, and acute graft-versus-host disease were predictors of ADV vi-
remia in multivariate models. Fifteen (29%) patients with ADV viremia died by D +180; 8 of 15 (53%) died from ADV. Peak ADV VL
(hazard ratio [HR], 2.25; 95% confidence interval [CI], 1.52-3.33) and increasing AAUC (HR, 2.95; 95% CI, 1.83-4.75) correlated

with mortality at D +180.
Conclusions.

In TCD HCT, peak ADV VL and ADV AAUC correlated with mortality at D +180. Our data support the potential

utility of ADV viral kinetics as endpoints in clinical trials of ADV therapies.
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Adenovirus (ADV) infection is associated with significant mor-
bidity and mortality in allogeneic hematopoietic cell transplant
(HCT) recipients [1, 2]. Risk factors for ADV infection include
young age, T-cell depletion (TCD), lymphopenia, mismatched
donor, and graft-versus-host disease (GVHD) [1, 3-6]. In pedi-
atric HCT, routine ADV monitoring and preemptive therapy has
led to improved outcomes [7] and has become standard practice
for high-risk patients [8-11]. In contrast, routine monitoring
for ADV is less common for adult HCT recipients [12]. Thus
data on the correlation of ADV viral kinetics with outcomes of
ADV infection are limited for adult HCT recipients.

An association between the magnitude of ADV viral load
(VL) and severity of infection has been described. Limitations
of the published studies include lack of routine monitoring for
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ADV [1], heterogeneity with regards to ADV risk [13-15], or
focusing exclusively in pediatric HCT [15]. The time-averaged
area under the curve (AAUC) of ADV viremia accounts for the
severity and persistence of ADV infection and has been used as
a marker of ADV viral burden [15].

At our center, we implemented routine ADV monitoring in
adult and pediatric recipients of TCD HCT in 2012. The object-
ives of the present study are to (1) report the incidence of ADV
viremia in adult and pediatric HCT, (2) identify risk factors for
ADV viremia, and (3) explore the correlation between ADV
peak VL or AAUC and mortality.

METHODS

Study Patients

The cohort consists of adult and pediatric recipients of first TCD
HCT between January 2012 and September 2018 at Memorial
Sloan Kettering Cancer Center (MSKCC). Data were extracted
from the hospital databases and medical record review. The study
was reviewed and approved by the MSKCC Institutional Review
and Privavy Board and granted a waiver of authorization.

Conditioning Regimens and Standards of Care
For peripheral blood allografts, TCD was performed by the
CliniMACS CD34 Reagent System (Miltenyi Biotec, Gladbach,

1180 « JID 2020:222 (1 October) « Leeetal


mailto:papanicg@mskcc.org?subject=
http://orcid.org/0000-0002-2997-0217

Germany). For marrow allografts, TCD was performed by
soybean lectin agglutination followed by E-rosetting [16].
Conditioning regimens and supportive care have been de-
scribed [17-19]. Acute GVHD was scored by standard cri-
teria [20].

All patients received acyclovir prophylaxis starting on day
7. Cytomegalovirus (CMV) seropositive recipients (R+) were
monitored routinely for CMV and treated preemptively until
November 2017. Since December 2017, CMV R+ recipients
older than 12 years received letermovir prophylaxis for CMV
[21]. Pediatric patients under the age of 12 years continued’ with
preemptive initiation of anti-CMV therapy.

Adenovirus Screening and Management

Routine monitoring for ADV in the plasma was done by quan-
titative polymerase chain reaction assays. From January 2012
through November 2016, testing was performed by Viracor
Eurofins (Lee’s Summit, MO). The linear range of quantitation
(LOQ) was 100 copies/mL - 1 X 10" copies/mL between January
2012 and April 2013, and 190 copies/mL - 1 x 10" copies/mL
between May 2013 and December 2016. Since January 2017,
testing was performed by the Clinical Microbiology Laboratory
at MSKCC. The LOQ was 200 - 2 x 10° copies/mL.

Adenovirus monitoring started on Day +14 posttransplant
(D +14) and continued weekly through D +60 and at least once
every 2 weeks through D +100. Patients with ADV viremia
by D +100 continued to be monitored weekly for ADV for 16
weeks after the onset of ADV viremia.

The ADV VL threshold for treatment initiation, type, dosing
regimen, and duration of treatment were at the discretion of
the treating physicians. During the study period, cidofovir was
available per standards of care. Brincidofovir was intermittently
available at our institution through participating in clinical trials
(ADV HALT trial [ClinicalTrials.gov Identifier NCT01241344],
a randomized, placebo-controlled, multicenter, phase II study
to evaluate the safety and efficacy of preemptive treatment with
brincidofovir (CMX001) for the prevention of ADV disease in
pediatric and adult allogeneic HCT recipients; and AdVise trial
[ClinicalTrials.gov Identifier NCT02087306], an open-labeled,
multicenter study of the safety and efficacy of brincidofovir in
the treatment of early versus late ADV infection). In addition,
patients may have received brincidofovir through emergency
Investigational New Drug application or the BCV expanded ac-
cess program.

Definitions

Patients were categorized into 2 groups as pediatric (<18 years)
or adult (>18 years). Transient ADV viremia was defined as
maximum ADV VL <1000 copies/mL. Adenovirus viremia
was defined as >2 consecutive VL >1000 copies/mL by D +100
posttransplant. Peak ADV viremia was defined as maximum
VL over 16 weeks after first ADV viremia >1000 copies/mL.

Adenovirus disease was scored by the European Group for Bone
Marrow Transplantation guidelines [9]. Death was attributed to
ADV as previously described using hierarchy for cause of death.
For patients with GVHD, death was attributed to GVHD. For
patients with ADV infection and concomitant fatal opportun-
istic infections (disseminated toxoplasmosis or mucormycosis),
mortality was attributed to the latter [22].

Statistics

Descriptive analyses were used to summarize patient demo-
graphic, clinical, and transplant characteristics. Mann-Whitney
rank-sum tests were performed to compare continuous vari-
ables. The x” tests and Fisher’s exact tests (if cell counts were
less than 5) were used to compare categorical variables. The
AAUC was calculated as the log  of the sum of the trapezoids
representing the AUC of ADV viremia each week from the
onset of ADV viremia through 16 weeks or week of last follow
up (whichever occurred first) and divided by the number of
weeks of follow up [15]. The incidence of ADV viremia was es-
timated by the cumulative incidence function. Death, relapse,
and second transplant were treated as competing risks. A land-
mark survival analysis from D +100 until D +365 was per-
formed by the Kaplan-Meier method, and relevant groups were
compared by the log-rank test. Cox proportional hazard models
were used to evaluate the association between ADV viremia,
peak ADV viremia, and AAUC and overall mortality. Age,
sex, underlying disease, recipient CMV serology, donor type,
acute GVHD, and absolute lymphocyte count (ALC) at D +30
posttransplant (ALC +30) were examined as predictors of ADV
viremia in competing risk regressions and multivariate regres-
sions. Adjusted hazard ratios (HRs) of AAUC and mortality at
D +180 and at D +365 were obtained from final multivariate
models respectively, after adjusting for the abovementioned
potential covariates. Forward selection was used for model se-
lection. Covariates with P < .3 were entered in the multivariate
model and those with P < .1 stayed in the final model. P < .05
was considered statistically significant. All statistical analyses
were performed in SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Characteristics of Patients

The study cohort consisted of 586 patients including 107
(18.3%) pediatric and 479 (81.7%) adult HCT recipients. The
clinical characteristics of patients are shown on Table 1. The
median ALC +30 was 500 cells/uL (interquartile range [IQR],
300-650) in pediatric HCT recipients and 500 cells/uL (IQR,
400-800) in adult HCT recipients.

Adenovirus Viremia

By D +100, 27 (25.0%) and 46 (9.6%) of pediatric and adult
HCT recipients, respectively, had ADV detected in the plasma.
Transient ADV viremia (maximum VL <1000 copies/mL)
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Table 1. Demographics and Characteristics of the Cohort (Total, n = 586)
Adult Pediatric
Total n =479 Total n = 107
Characteristic n % n %
Age (years) Median (IQR) 54 (41-63) 8 (2-13)
Sex Female 200 41.8% 39 36.4%
Male 279 58.2% 68 63.6%
Underlying disease Acute leukemia/myelodysplastic syndrome 348 72.6% 68 63.6%
Multiple myeloma 88 18.4% 0 0%
Chronic leukemia/myeloproliferative disorder 33 6.9% 0 0%
Immune deficiency®® 3 0.6% 26 24.3%
Other nonmalignant conditions®¢ 7 1.5% 13 12.1%
Donor type Matched related 149 31.1% 15 14.0%
Matched unrelated 243 50.8% 37 34.6%
Mismatched related 4 0.8% 16 15.0%
Mismatched unrelated 83 17.3% 39 36.4% %
Conditioning intensity Myeloablative 475 99.2% 102 95.3%
Reduced intensity 4 0.8% 2 1.9%
Nonablative 0 0% 3 2.8%
CMV serostatus R+/D+ 162 33.8% 43 40.2%
R+/D- 104 21.7% 18 16.8%
R-/D+ 63 13.2% 20 18.7%
R-/D- 150 31.3% 26 24.3%
Acute GVHD 0-1 396 82.7% 93 86.9%
2-4 81 16.9% 12 11.2%
3-4 7 1.5% 5 4.7%
Not evaluable 2 0.4% 2 1.9%
ALC +30 (cells/uL) Median (IQR) 500 (300-650) 500 (400-800)

Abbreviations: ALC +30, absolute lymphocyte count at day +30 after hematopoietic cell transplant; CMV, cytomegalovirus; D, donor; GVHD, graft-versus-host disease; IQR, interquartile

range; R, recipient.

? Immune deficiency in adult patients: combined immune deficiency (n = 1), Wiskott-Aldrich syndrome (n = 1), hemophagocytic lymphohistiocytosis (n = 1).

®lmmune deficiency in pediatric patients: chronic granulomatous disease (n = 4), familial hemophagocytic lymphohistiocytosis (n = 2), homozygous interferon gamma receptor deficiency
(n = 1), Kostmann's neutropenia (n = 1), lymph adhesion deficiency (n = 1), severe combined immunodeficiency (n = 16), X-linked hyperimmunoglobulin M syndrome (n = 1).

°Nonmalignant conditions in adult patients: aplastic anemia (n = 3), mast cell activation disorder (n = 1), paroxysmal nocturnal hemoglobinuria (n = 3).

9Nonmalignant conditions in pediatric patients: aplastic anemia (n = 12), leukodystrophy (n = 1).

occurred in 9 (8.4%) and 13 (2.7%) of pediatric and adult
patients, respectively. Adenovirus viremia (>2 consecutive
VL >1000 copies/mL) developed in 18 (16.8%) pediatric pa-
tients and 33 (6.9%) adult patients, respectively (P =.0009)
(Figure 1). Adenovirus viremia occurred at a median of 42 days
(IQR, 16-77) and 50 days (IQR, 26-74) post-HCT in pediatric
and adult HCT, respectively. The peak ADV VL was a median
of 4.7 log,  copies/mL (IQR, 4-6) and 4.9 log,  copies/mL (IQR,
4-6) in pediatric and adult recipients, respectively.

Adenovirus Disease

Among pediatric patients, 5 (5% of total, 28% of patients with
ADV viremia) developed ADV disease including the following:
colitis (2), hepatitis (1), pneumonitis (3), and hemorrhagic cys-
titis/nephritis (1). Two patients developed ADV disease in 2
sites (pneumonitis and hemorrhagic cystitis in 1 patient and
hepatitis and pneumonitis in 1 patient). Adenovirus disease
occurred at a median of 52 days post-HCT (IQR, 43-84). The
peak ADV VL among those with disease was a median of 7 log,
copies/mL (IQR, 6-7).
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Figure 1. Cumulative incidence of adenovirus viremia at Day +100 posttransplant

by age group. Adenovirus viremia was defined as >2 consecutive viral loads >1000
copies/mL by Day +100 posttransplant. Pediatric (PED) patients were (<18 years);
Adult (=18 years). HCT, hematopoietic cell transplant.
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Among adult patients, 16 patients (3% in total, 48% of pa-
tients with ADV viremia) developed ADV disease including
colitis (8), pneumonitis (4), and hemorrhagic cystitis/nephritis
(4). Adenovirus disease occurred at a median of 44 days (IQR,
24-66) post-HCT. The peak ADV VL was a median of 6 log,,
copies/mL (IQR, 5-7).

Risk Factors of Adenovirus Viremia

To identify risk factors for ADV viremia, demographic and
transplant characteristics were entered into univariate and mul-
tivariate models. In univariate analysis, age <18 years, CMV R+,
ALC +30 <300 cells/uL, and acute GVHD grade 2-4 were as-
sociated with ADV viremia (Table 2). In multivariate models,
age <18 years (HR, 2.82; 95% CI, 1.58-5.03; P = .0005), CMV
R+ (HR, 2.56; 95% CI, 1.34-4.90; P =.0046), ALC +30 <300
cells/uL (HR, 2.28; 95% CI, 1.16-4.48; P =.0164), and acute
GVHD grade 2-4 (HR, 2.76; 95% CI, 1.52-5.01; P = .0009) re-
mained significant for risk factors of ADV viremia.

Treatment of Adenovirus Viremia
Thirty-one (61%) patients with ADV viremia received treat-
ment. The median time from onset of ADV viremia to start
of treatment was 11 days (IQR, 7-18). The median VL at the
initiation of treatment was 4.2 log,, copies/mL (IQR, 3.9-5.2).
Details of treatment administered are shown in Supplementary
Table S1. In addition, 4 patients received ADV-directed cyto-
toxic T cells on compassionate use.

Twenty of 51 (39%) patients with ADV viremia cleared ADV
without any antiviral treatment. In these patients, ADV viremia

occurred at a median of 64 days posttransplant (IQR, 48-81).
The peak VL was 5.6 log, copies/mL (IQR, 4.6-6.7) and 3.6
log,, coipes/mL (IQR, 3-4) in patients with and without anti-
viral treatment, respectively (P < .0001).

Overall Survival

Six patients with ADV viremia and 28 patients without ADV
viremia died before D +100. A landmark survival analysis was
performed for 45 patients with ADV viremia and 507 patients
without ADV viremia who were alive by D +100 (Figure 2).

By D +180, 36 (80%) patients with ADV viremia and 489
(95%) patients without ADV viremia were alive (P < .0001). By
D +365, 32 (71%) patients with viremia and 436 (86%) patients
without ADV were alive (P = .0029).

Adenovirus Attributable Mortaliy

Of 15 patients with ADV viremia who died by D +180, 6 (40%)
died of disseminated ADV disease. Adenovirus probably con-
tributed to death in 2 additional patients. The causes of death
in the remaining 7 patients were GVHD (2 patients), fatal op-
portunistic infections (mucormycosis 1 patient, toxoplasmosis
1 patient), bacterial sepis (1 patient), and veno-occulsive dis-
ease of the liver (1 patient). By D +365, 4 additional patients
with ADV viremia died. None of these deaths were attributed to
ADV. Three patients died of CMV and 1 patient died of GVHD.

Adenovirus Viremia as Predictor of Mortality

Adenovirus viremia was entered as a categorical variable in
univariate and multivatiate models for mortality. Adenovirus
viremia (HR, 3.63; 95% CI, 1.99-6.60; P < .0001) was an

Table 2. Univariate and Multivariate Risk Factors for Adenovirus Viremia

Univariate Analysis Multivariate Analysis

Characteristic HR (95% ClI) PValue HR (95% CI) PValue
Age Adult (>18 years) ref ref

Peds (<18 years) 2.60 (1.46-4.61) .0011 2.82 (1.568-5.03) .0005
Sex Female ref

Male 0.98 (0.56-1.71) .9506
Underlying disease Acute leukemia/MDS ref

Multiple myeloma 0.99 (0.47-2.11) 9734

Chronic leukemia/MPD 0.33 (0.04-2.40) .2687

Immune deficiency 1.17 (0.35-3.89) 7994

Other nonmalignant conditions -
Donor type Matched ref

Mismatched 1.20 (0.65-2.20) 5614
Recipient CMV serology R- ref ref

R+ 2.65 (1.39-5.07) .0032 2.56 (1.34-4.90) .0046
Acute GVHDP 0-1 ref ref

2-4 2.59 (1.42-4.68) .0017 2.76 (1.52-5.01) .0009
ALC + 307 (cells/uL) >300 ref ref

<300 2.43 (1.26-4.68) .0080 2.28 (1.16-4.48) .0164

Abbreviations: ALC, absolute lymphocyte count; Cl, confidence interval; CMV, cytomegalovirus; D+, days posttransplant; GVHD, graft-versus-host disease; HR, hazard ratio; MDS,

myelodysplastic syndrome; MPD, myeloproliferative disorder; R, recipient; ref, reference.

“Represents ALC value most proximal to D +30 (+7 days).

PAcute GVHD was treated categorical variable.
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Figure 2. Landmark survival analysis from Day +100 until Day +365 post-HCT by

adenovirus (ADV) viremia.

independent risk factor for mortality at D +180 along with
HLA-mismatched donor and ALC +30 <300 cells/puL (Table 3).
Adenovirus viremia remained a risk factor for mortality at
D +365 post-HCT (HR, 2.69; 95% CI, 1.63-4.44; P =.0001).
In contrast, age <18 years was associated with decreased risk at
D +360.

Next, the log,, peak ADV VL was entered as a continuous
variable in univariate and multivariate models for mortality
(Supplementary Table S2a). Increasing peak ADV VL correl-
ated with increased mortality at D +180 (HR, 2.25; 95% CI,

1.52-3.33; P <.0001) and at D +365 (HR, 1.92; 95% CI, 1.34—
2.75; P = .0004).

Adenovirus AAUC is a viral marker that takes into consid-
eration both severity and persistence of ADV infection. To as-
sess the correlation of increasing AAUC with mortality, AAUC
was entered as a continuous variable in multivariate models. An
increase in AAUC was associated with increased mortality at
D +180 (HR, 2.95; 95% CI, 1.83-4.75; P < .0001) and at D +365
(HR, 3.00; 95% CI, 1.93-4.65; P < .0001), respectively (Table 4).

To discern potential differences on the impact of AAUC on
morality between adult and pediatric patients, we performed
the analyses by age group. In pediatric patients, AAUC was
associated with increased mortality at D +180 and D +365
posttransplant with HR 2.56 (95% CI, 1.52-4.31) and HR 2.71
(95% CI, 1.69-4.34), respectively. Likewise, in adult patients,
AAUC was associated with mortality at D +180 and D +365
posttransplant with HR 2.96 (95% CI, 1.64-5.34) and HR 3.13
(95% ClI, 1.83-5.36).

Next, we divided AAUC into 4 quartiles (Q1-Q4) and re-
port mortality by quartiles. No death occurred in the lowest
AAUC quartile (Q1). There was an increment increase in mor-
tality for Q2 (8%), Q3 (31%), and Q4 (77%) by D +180 and for
Q2 (8%), Q3 (54%), and Q4 (85%) by D +365 (Table 5). The
mortality of Q2 was used as reference in multivariate models.
Supplementary Table S3 showed HR for mortality for Q3 and
Q4 after adjusting for covariates.

DISCUSSION

We analyzed a contemporary cohort of 586 TCD HCT recipi-
ents (81.7% adults) from a sinlge center to study the impact of

Table 3. Univariate and Multivariate Cox Proportional Hazard Model Evaluating ADV Viremia and Mortality at D +180 and at D +365 Posttransplant®

Overall Mortality at D +180

Overall Mortality at D +365

Univariate Analysis

Multivariate Analysis

Univariate Analysis Multivariate Analysis

Variable HR (95% ClI) PValue HR (95% Cl) PValue HR (95% ClI) PValue HR (95% ClI) PValue
Age (years)

Adult (218) ref ref ref

Pediatric (<18) 0.89 (0.48- 1.68) .7289 0.65 (0.38-1.12) 1178 0.33(0.18-0.6) .0003
HLA Match

Matched ref ref ref ref

Mismatched 1.68 (0.99-2.85) .0537 1.77 (1.03-3.07) .0403 1.56 (1.07-2.31) .0227 1.97 (1.31-2.95) .001
Acute GVHD

0-1 ref ref

2-4 1.4 (0.74-2.66) 2947 1.37 (0.87-2.16) 1799
ALC +30 (cells/ulL)

>300 ref ref ref ref

<300 5.51 (3.28-9.25) <.0001 4.29 (2.48-742) <.0001 3.09 (2.03-4.70) <.0001 2.82 (1.81-4.39) <.0001
ADV Viremia

No ref ref ref ref

Yes 3.77 (2.10-6.73) <.0001 3.63 (1.96-6.60) <.0001 2.36 (1.45-3.86) .0006 2.69 (1.63-4.44) .0001

Abbreviations: ADV, adenovirus; ALC, absolute lymphocyte count; Cl, confidence interval; D, day; GVHD, graft-versus-host disease; HLA, human leukocyte antigen; HR, hazard ratio; ref,

reference.

#Adenovirus viremia was entered as a categorical variable. Sex, underlying disease, and cytomegalovirus recipient serology were included in the model and were not significant.
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Table 4. Univariate and Multivariate Cox Proportional Hazard Model Evaluating AAUC and Mortality at D +180 and at D +365 Posttransplant®

Overall Mortality at D +180

Overall Mortality at D +365

Univariate Analysis

Multivariate Analysis

Univariate Analysis Multivariate Analysis

Predictors HR (95% CI) PValue HR (95% CI) PValue HR (95% ClI) PValue HR (95% ClI) PValue
Age (years)
Adult (>18) ref ref
Pediatric (<18) 0.42 (0.12-1.50) 1812 0.30 (0.09-1.02) .0546
HLA Match
Matched ref ref
Mismatched 0.96 (.31-3.03) .9495 0.95 (0.34-2.64) 925
CMV Serology
R- ref ref ref ref
R+ 0.32 (0.10-1.08) .0668 0.22 (0.06-0.87) .0304 0.32 (0.11-0.93) .0363 0.23 (0.07-0.76) .016
Acute GVHD
0-1 ref ref
2-4 1.46 (0.52-4.13) 467 2.08 (0.84-5.12) 1128
ALC +30 (cells/uL)
>300 ref ref
<300 0.25 (0.09-0.69) .0074 3.61 (1.44-9.04) .0061
AAUC log,, 2.26 (1.24-5.12) <.0001 2.95 (1.83-4.75) <.0001 3.02 (1.95-4.67) <.0001 3.00 (1.93-4.65) <.0001

Abbreviation: AAUC, time-averaged area under the curve of ADV viremia; ALC, absolute lymphocyte count; Cl, confidence interval; CMV, cytomegalovirus; D, day; GVHD, graft-versus-host

disease; HLA, human leukocyte antigen; HR, hazard ratio; R, recipient; ref, reference.
“Sex and underlying disease were not significant.

ADV VL kinetics on mortality. The incidence of ADV viremia
was higher in pediatric compared with adult HCT recipients
(16.8% vs 6.9%, respectively) in agreement with reported lit-
erature [1, 23-27]. In multivatiate models, age, acute GVHD,
ALC +30 <300 cells/pL, and CMV R+ were independent risk
factors for ADV viremia. An association of CMV R+ and ADV
viremia has been reported after in vivo TCD with alemtuzumab
[23].

Five pediatric patients (28% of patients with ADV viremia)
and 16 adult patients (48% of patients with ADV viremia) devel-
oped ADV disease. In a landmark survival analysis at D +100,
ADV viremia was associated with lower survival at D +180 and
at D +365. Patients with ADV viremia were 3.6 times more
likely to die compared with patients without ADV viremia at
D +180 (P <.0001). The ADV attributable mortality of 40%
in the present study is lower than we have reported before the
implementation of routince ADV monitoring [1]. However,
because the 2 cohorts were not contemporaneous, additional

factors may have contributed to the survival difference. The
substantial rates of ADV disease among patients with ADV vi-
remia, the ADV attributable mortality, and the negative impact
of ADV in overall survival despite routine ADV monitoring,
highlight the unmet need for effective treatment for ADV vi-
remia in TCD HCT.

To correlate the ADV viral burden with mortality, we used
peak ADV VL as a marker of severity of infection and AAUC
as a marker of severity and persistence of infection [28, 29]. The
AAUC has been previously used as a primary endpoint in Phase
2 and 3 studies of investigational antivirals [30-32]. In multi-
variate models, peak VL and AAUC were predictors of mor-
tality. When adult and pediatric HCT recipients were analyzed
separately, increasing AAUC was associated with increased
mortality at D +180 and D +365 for both groups. A recent
multicenter study of European pediatric HCT patients showed a
similar association [15]. Hill et al [14] reported a correlation be-
tween persistent ADV viremia and mortality at 100 days but not

Table 5. Overall Mortality by Quartiles of Time-Averaged Area Under the Curve of ADV Viremia®

Overall Mortality at D +180

Overall Mortality at D +365

Quartiles Mortality HR (95% CI) PValue Mortality HR (95% CI) PValue
Q1 (0.04 < AAUC < 0.86) 0% - 0% -

Q2 (0.86 < AAUC < 2.58) 8% ref 8% ref

Q3 (2.568 < AAUC < 3.42) 31% 4.96 (0.55-44.41) 1622 54% 7.33 (0.88-61.42) .0663
Q4 (3.42 < AAUC < 5.65) 77% 16.32 (2.08-128.32) .008 85% 21.88 (2.75-174.07) .0035

Abbreviation: AAUC, time-averaged area under the curve of ADV viremia; ADV, adenovirus; Cl, confidence interval; HR, hazard ratio; R, recipient; ref, reference.

“Hazard ratio and 95% Cls were obtained from multivariable Cox proportional hazards model (Supplementary Table S3). Age (adult vs pediatric), sex, underlying diseases, human leukocyte
antigen match (matched vs mismatched), cytomegalovirus serology (R+ vs R-), acute graft-versus-host disease (grade 0-1 vs grade 2—4), ALC +30 (=300 vs <300), and AAUC quartiles were
entered as covariates. Only AAUC remained significant risk factor for mortality. Cytomegalovirus R+ was protective after adjusting for AAUC.
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at 1 year post-HCT; however, results of ADV viremia were not
available for clinical decision making. In our cohort, ADV VL
results were available to the clinicians in real time, yet AAUC
remained a predictor of mortality, again highlighting the need
for improved therapeutic strategies.

A limitation of our study is that initiation of treatment for
ADV, dosing regimens, and duration were at clinicians’ discre-
tion. In addition, treatment practices may have varied during
the study period and between adult and pediatric services.
Acknowledging this limitation, our analyses were focused on
the correlation of ADV VL kinetics with mortality independ-
ently of potential modifiers (such as treatment). Our study pro-
vides real-world evidence on the impact of ADV infection on
mortality in adult and pediatric TCD HCT recipients with cur-
rent management strategies. We show that ADV viral burden is
a predictor for mortality. Our data show that (1) interventions
that reduce ADV viral burden are likely to reduce mortality
and (2) AAUC can be a valuable virologic marker in clinical
trials evaluating new therapeutics for ADV infection in HCT
recipients.
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