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Abstract

A retrospective review of pediatric lung transplant recipients at fourteen sites in North America and
Europe was conducted to evaluate the impact of adding cytomegalovirus immunoglobulin (CMVIG)
prophylaxis to at least three weeks of intravenous ganciclovir in pediatric lung transplant recipients.
Data were recorded for the first year after transplantation. Associations between time to CMV and
risk factors, including CMVIG use, were assessed by multivariable Cox proportional hazards models.
Of 599 subjects whose charts were reviewed, 329 received at least three weeks of ganciclovir with
62 (19%) receiving CMVIG. CMVIG was administered more frequently with CMV donor-positive/
recipient-negative (D+/R-) serostatus (p<0.05). In multivariable models, subjects who did not
receive CMVIG as part of their prophylaxis were three times more likely to develop CMV infection
(HR 3.4; 95% CI 1.2, 9.5) independent of CMV serostatus. However, CMVIG administration was
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not associated with decreased risk of episodes of CMV disease. Receipt of CMVIG was not associated
with decreased risks of post-transplant morbidities (acute rejection, respiratory viral infection or early
bronchiolitis obliterans) or morbidity within the first year after pediatric lung transplantation. The
use of CMVIG in addition to antiviral prophylaxis in pediatric lung transplantation requires further
evaluation in pediatric lung transplant recipients.
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Introduction

Methods

Lung transplant recipients experience significant morbidity and mortality, often due to adverse
events of infectious origin, with up to 90% experiencing an infectious complication. [1,2]
Cytomegalovirus (CMV) is a common cause of infection and has been associated with
morbidity including chronic allograft rejection in transplant recipients. [3-6] Despite the
availability of newer antimicrobial agents, the incidence of CMV infection has not declined
substantially over the past decade.[5] In addition, only recently has the long-term survival in
pediatric lung transplant recipients improved overall, although it still remains considerably
worse compared to other organ transplantation. [7,8]

Strategies to prevent CMV infection and disease have evolved over time; however, the optimal
preventative tactic is uncertain. Data from adult centers indicate that CMV hyperimmune
globulin (CMVIG) and ganciclovir, in combination, are superior in preventing CMV viremia
compared to ganciclovir alone. [9] Prophylactic CMVIG has decreased the rates of both CMV
disease and CMV pneumonitis rates by 50%, leading to a concomitant decrease in the average
length of hospital stay for liver transplant recipients.[10] In addition, a recent meta-analysis of
CMVIG use in solid organ transplant recipients demonstrated a lower incidence of CMV-
associated death and clinically significant disease in subjects who received CMVIG-based
CMV prophylaxis [11]. However, other studies have found no significant impact of CMVIG
on the incidence of CMV disease after liver transplant [12]. To date, a comprehensive
evaluation of CMVIG use in pediatric lung transplant recipients has not been performed. The
goal of this multi-center cohort study was to evaluate the impact of CMVIG, when added to at
least three weeks of ganciclovir prophylaxis, on CMV infection and disease in pediatric lung
transplant recipients.

Fourteen pediatric lung transplant centers in North America and Europe, who are members of
the International Pediatric Lung Transplant Collaborative, performed a multi-center
retrospective cohort study. The population included all subjects younger than 21 years of age
who received a primary lung or heart-lung transplant at any of the centers between January
1988 and the time of data collection (August 2004—January 2007), survived at least two weeks
after surgery, and had data available from the date of transplantation to one year post-transplant
or until death or retransplantation, whichever occurred first. Chart reviews, performed by a
single investigator, examined demographic data, antiviral agents, and CMV episodes.
Identification of CMV episodes depended upon the diagnostic methodology available at each
individual institution, and included demonstration of antigenemia, positive viral culture or
positive polymerase chain reaction (PCR).
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Post transplant CMV infection definitions are adapted from those proposed by the American
Society of Transplantation Infectious Disease Working Group on Infectious Diseases
Monitoring and Ljungman et al. [13,14]

CMV infection—Presence of active replicating virus without associated symptoms or signs
of illness. This could represent new infection or reactivation of previously latent virus. Viremia
was determined by the standard method used at each institution: conventional viral culture,
shell vial viral culture, pp65 antigenemia testing or CMV polymerase chain reaction (PCR) in
whole blood or peripheral blood mononuclear cells

“CMV disease” is a combination of CMV syndrome and proven, probable and possible CMV
disease as defined by [13]:

CMV syndrome: Constellation of symptoms consisting of fever, fatigue,
thrombocytopenia and/or leukopenia in association with evidence of CMV infection
and without alternate explanations.

Proven CMV invasive disease: Histological demonstration of CMV inclusions in
biopsy tissue from lung, liver, or other body site, with associated clinical signs and
symptoms.

Probable CMV disease: Clinically compatible symptoms, evidence of CMV infection
without concurrent infections or rejection, but without definitive histopathology on
biopsy tissue.

Possible CMV Disease: Clinically compatible symptoms, evidence of CMV infection,
but occurring in the presence of concurrent infections or rejection.

Other post transplant outcomes

Post transplant outcome measures including acute rejection (AR), bronchiolitis obliterans
syndrome (BOS), and bronchiolitis obliterans (BO), based on definitions proposed by working
groups from the International Society for Heart and Lung Transplantation (ISHLT). [15-18]
Diagnosis and grading of AR was performed at each individual center without a central
pathology review. Post-transplant lymphoproliferative disease (PTLD) was diagnosed by
histologic examination of tissue biopsy [19].

Statistical analyses

Data were entered into an ORACLE database, analyses were conducted using SAS version 9.1
(SAS Institute, Cary, NC), and graphics were produced using R version 2.0.1 software (The R
Foundation for Statistical Computing, Vienna, Austria). Associations between CMVIG and
continuous and categorical risk factors were assessed using Wilcoxon rank-sum tests and Chi-
square and Fisher’s exact tests, respectively. Associations between CMVIG and time to first
CMV episode, and between CMVIG and time to post-transplant morbidities and mortality,
were assessed by univariable and multivariable Cox proportional hazards models, censored at
death, re-transplant, or one year post-transplant. CMV infection was considered separately
from CMV syndrome/disease (designated CMV disease), and subjects with CMV disease
without prior infection were excluded from the analysis of CMV infection. For each
proportional hazards model, the proportional hazards assumption was assessed by entering
risk-factor-by-time interactions into the model; this assumption was also assessed graphically
using log-log-survival plots. Events that occurred during post-transplant follow-up, such as
pulmonary fungal infection (PFI), rejection and cessation of post-transplant prophylaxis were
modeled as time-dependent covariates. The functional form for age and era of transplant was
chosen by modeling the quintiles of these variables as categorical variables and assessing the
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resulting parameter estimates. Multivariable models were chosen by performing backwards
selection, with a significance criterion of 0.05, on initial models containing all risk factors
while forcing CMVIG into the model. Interactions suggested by the data or by clinical
importance were included in the model selection process. All tests were two-tailed and
performed at a significance level of 0.05.

Patient demographics

Of the 599 pediatric lung transplant recipients enrolled in the study, 329 received at least three
weeks of ganciclovir prophylaxis and were included in this analysis. Recipients ranged in age
from 49 days to 20.9 years (median 13.1 years) and 189 (57%) were female. Indications for
lung transplantation included cystic fibrosis (55%), idiopathic pulmonary hypertension (10%),
complex congenital heart disease with pulmonary hypertension (14%), bronchiolitis obliterans
(3%) and other diagnoses (18%).

CMVIG administration

CMVIG was administered to 62 (19%) subjects, who did not differ significantly from those
who did not receive CMVIG, except for CMV donor-recipient serostatus and race (Table 1).
Dosing regimens for CMVIG varied widely. Subjects received a mean of 5 doses of CMVIG
for prophylaxis (range 1-12). Dosing intervals ranged from 1 day to 1 month, most commonly
every two weeks. Median duration of therapy after transplant was 84 days (range 1-192) and
median dose administered each time was 150 mg/kg (mean 133 mg/kg). No significant
complications of CMVIG administration were reported in the medical records. Furthermore,
duration of antiviral prophylaxis other than CMVIG was longer for patients administered
CMVIG compared to those patients taking prophylactic ganciclovir alone (p = 0.025, Table
1). The administration of CMVIG was not significantly associated with gender, underlying
etiology for transplant, or age (p>.05). Subjects with CMV D+/R— were more likely to receive
CMVIG. The proportion of subjects receiving prophylactic CMVIG increased between the
early 1990s and after 2000 (Figure 1).

Incidence of CMV episodes

CMV episodes, including infection and disease as defined above, were common after pediatric
lung transplant with an incidence in the first year of 36% (120 of 329 subjects). The 120 subjects
developed 155 episodes (range 1-4 episodes) within the first year after transplantation. Of 62
patients who received CMVIG, 14 (23%) developed CMV disease compared to 62 (23.2%) of
the 267 who did not receive CMVIG. Excluding subjects who developed CMV disease without
prior infection, four (8%) subjects who received CMVIG developed CMV infection, compared
to 56 (27%) who did not receive CMVIG, Table 2 and Figure 2. The mean and median times
to first CMV infection were 125 and 86 days respectively. The difference in time to first
infection in subjects with and without CMVIG was not statistically significant (85 days and
87 days respectively). In addition, time to first episode of CMV disease with and without
CMVIG occurred at a median of 122 days (mean 137 days) and 96 days (mean 118 days) (p
> 0.05).

Risk of CMV by type of CMV episode

Risk factors for CMV episode were assessed for both CMV infection and CMV disease, Table
3. Univariable risk factors for CMV infection included not receiving CMVIG (HR 3.3; 95%

Cl 1.2-9.0), donor or recipient CMV seropositivity at transplant (HR 2.8; 95% CI 1.5-5.2 and
2.2;95% CI 1.3-3.6, respectively), and initial treatment at hospital discharge with cyclosporine
(HR 2.1; 1.09-3.9). For CMV disease, donor CMV seropositivity (HR 3.8; 95% CI 2.0-7.5),
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earlier era of transplant (p=0.01) and transplant type (p=0.039) were risks. CMVIG
administration was not protective against CMV disease. Age at transplant, induction therapy,
underlying etiology for transplant, gender, prior acute rejection and prior fungal or viral
infection were not associated with increased risk of CMV infection or CMV disease.

Multivariable models were explored to include the risks reported in the univariable models as
well as common demographic variables. For CMV infection, independent risks in the
multivariable model include not receiving CMVIG (HR 3.4; 95% CI 1.2-9.5), CMV donor/
recipient status other than CMV D—/R—, and transplant in the earliest era (1992-1994; HR 2.1;
1.1-3.8), Table 4. Increased risk for CMV disease was associated with receipt of a single lung
transplant (HR 5.3; 95% CI1.8-15.3), receipt of any induction therapy (HR 1.8; 95% CI 1.1-
2.9), donor CMV seropositivity and transplant before 2002 (HR 5.5; 95% CI 1.9-15.5).
CMVIG administration was associated with decreased risk of CMV infection but not CMV
disease in this cohort.

Risk of transplant morbidity and mortality with CMVIG

The administration of CMVIG did not significantly affect morbidity. In a multivariable model,
receipt of CMVIG was not associated with morbidities including acute rejection, respiratory
viral infections, post-transplant lymphoproliferative disease, or bronchiolitis obliterans.
CMVIG administration was not associated with a decrease in the risk for death or
retransplantation within the first post-transplant year.

Discussion

The impact of CMV after transplantation is well recognized; however, the optimal regimens
to prevent CMV infection and disease, as well as their direct and indirect effects, remain
difficult to identify. In pediatric lung transplant, the impact of adding CMVIG to standard
antiviral prophylaxis has not been previously explored. The risks for CMV infection and
disease in this cohort are similar to those reported previously in both the adult and pediatric
literature, with increased risk during the early transplant era and with donor/recipient CMV
seropositivity [5,20-23].

Similar to previously reported assessments of risks, the data collected in this study indicate
that ganciclovir prophylaxis along with CMVIG as adjunct therapy was associated with a
decreased risk of CMV infection but not CMV disease within the first year after pediatric lung
transplantation. In addition, CMVIG did not appear to impact occurrence of acute rejection,
BOS, or survival. Results reported from adult lung transplant recipients have been variable
with decreased CMV infection and/or disease without a control group or with historical controls
[24,25]. Alternatively, some reports in adult liver transplant recipients have demonstrated that
administration of CMVIG resulted in decreased episodes of tissue-invasive CMV disease
[10]. Additional studies in liver transplant recipients from the same group reported that the
addition of ganciclovir to CMVIG is superior to CMVIG alone and is cost effective [26,27].
Similarly, in adult heart transplant patients, CMVIG alone can decrease the risk of CMV
disease [28]; further, the prophylactic administration of CMVIG with ganciclovir significantly
reduced rates of CMV disease in comparison to rates in those who received ganciclovir alone
[9,20]. The difference between the results in the pediatric lung transplant population, which
does not have a decrease in CMV disease but does have a decrease in CMV infection, may be
related to the definitions applied in this study compared to those previously reported studies
as many were performed prior to the development of the currently accepted definitions that
were used in this study.

More recent analyses indicate that CMVIG administration decreases CMV-related morbidity
and mortality [3,11]. The benefit conferred may be due either to a correction of
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hypogammaglobulinemia or directly from CMV prevention or amelioration, but this has not
been investigated [29]. In this cohort, CMVIG administration was not associated with
decreased CMV-related morbidity or mortality. The observational nature of this cohort
including a lack of uniformity for the schedule and dosage of CMVIG prevent drawing
definitive conclusions.

As with any retrospective cohort, limitations regarding the available data exist. In this study,

information regarding immunoglobulin levels was not recorded; however at the time of data

collection, no center routinely collected serial measurement of immunoglobulin levels in their
patients for the duration of the study period. As with previously reported data from this cohort,
the definitions for risks and outcomes applied were determined prior to the initiation of data

collection and were applied uniformly across all participating sites.

As reported above, the participating centers did not use a standard dosing schedule for CMVIG.
Possible explanations for the wide range of dosing schedules include duration of the study
period, variability in clinician preference and the lack of centrally available standardized dosing
regimens. However, details of CMVIG administration, including date of infusion and dosing
regimens, were captured through substantive review of pharmacy records and clinical charts.
Descriptive information regarding the administration of CMVIG in the 62 pediatric lung
transplant recipients who received the therapy is presented for inference. In addition, with the
follow-up ending at one year post-transplant, associations with remote outcomes including
BOS may be underestimated by this analysis.

The impact of concurrent ganciclovir administration also requires comment. To limit the
complexity of the analysis, subjects who received less than three weeks or no ganciclovir
prophylaxis were excluded from the analysis. In addition, subjects who received CMVIG also
received a slightly longer average duration of ganciclovir which was statistically significant
(2.9 months verses 1.6 months). However, the addition of prophylaxis duration to the
multivariable models did not significantly alter the models.

Conclusions

The optimal preventative regimen for CMV after pediatric lung transplantation remains
elusive. However, CMV donor and recipient serostatus is a non-modifiable risk factor that
clinicians can use to guide their concern for CMV infection and disease. The adjunct
administration of CMVIG in this population is associated with decreased risk of CMV
infections but not disease in patients who receive at least three weeks of ganciclovir. While the
schedule and dosing of CMVIG administration was not uniform in this cohort, further
prospective investigation into the use of CMVIG as an adjunct to ganciclovir prophylaxis in
pediatric lung transplant recipients is warranted.
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Figure 2.

Outcome including any CMV episodes, death or retransplantation, or no events before one year
post-transplant categorized by the receipt of CMVIG and type of CMV episode. Reported as
percentages of the total in each group A: CMV infection (excluding those with CMV disease
without prior infection) (CMVIG n=49; no CMVIG n=220) B: CMV disease (CMVIG n=62,
no CMVIG n=267)
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Outcome by one year post-transplant for subjects with and without CMVIG administration by category of CMV

Table 2
episode

CMVinfecticnl, N (%)CMV disease, N (%
Status at 1 year post-transplant No CMVIG | CMVIG |[No CMVIG|ICMVIG
CMV episode 56 (25) 4(8) 62 (23) ]14(23)
Retransplant or Death without prior CMV| 32 (15) 11 (22) 35(13) ]11(18)
No Events (CMV, Death, or Retransplant)] 132 (60) 34 (69) | 170 (64) |37 (60)
Total 220 49 267 62

1CMV infection, excluding those with CMV disease without prior infection
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Table 4
Multivariable risks for CMV infection or CMV disease

Multivariable risks for CMV INFECTION (59/264 with CMV_INFECTION)
Risk factor HR (95% CI) P-value
No CMVIG 34(1.2 9.5 0.022
CMV status, vs. D—R—

D+R+ 12.3(2.9,52.0) <0.001

D+R— 9.2 (2.1,39.2) 0.003

D—R+ 8.6(1.8,39.8) 0.006
Transplant 1992-1994 versus 2003—2005 21(1.1.38) 0.022
Prophylaxis completed before CMV infection 0.32 (0.18,0.56) | <0.001

Multivariable risks for CMV DISEASE (74

325 with CMV DISEASE)

Risk factor HR (95% CI) P-value

No CMVIG 1.4 (0.70, 2.6) 0.37
ICMV status, verses D—R—

D+R+ 4.9(1.4,16.9) 0.012

D+R— 6.0(1.8,19.8) 0.003

D—R+ 2.0(0.51,8.0) 0.32
Single Lung Transplant versus all others 5.3(1.8,15.3) 0.002
IAny induction therapy 1.8(1.07, 2.9 0.025
Transplant 1992-2002 versus 2003—-2005 5.5(1.9,15.5) 0.001
Prophylaxis completed before CMV disease 0.52 (0.30, 0.90) 0.021
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