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Abstract

Background: Triplex vaccine was developed to enhance CMV specific T-cells and prevent CMV 

reactivation, early after hematopoietic stem cell transplantation (HCT).

Objective: To determine safety and efficacy of Triplex.

Design: First-in-patient phase 2 trial (ClinicalTrials.gov: NCT02506933).

Settings: Three U.S. HCT centers.

Participants: 102 CMV-seropositive HCT recipients, at high-risk for CMV reactivation.

Intervention: Intramuscular injections on days 28 and 56 post-HCT of Triplex or 

placebo. Triplex is a recombinant attenuated poxvirus, modified vaccinia Ankara, expressing 

immunodominant CMV antigens.

Measurements: The primary outcomes were: CMV events (≥1250 IU/mL; CMV viremia 

requiring antivirals; or end-organ disease); non-relapse mortality; severe (grade 3, 4) GVHD, all 
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evaluated through 100 days post-HCT, and grade 3-4 adverse events (AEs, probably or definitely 

attributable to injection) within 2 weeks post-vaccination.

Results: 102 patients received the first vaccination (51/group), 91 (89.2%) received both 

vaccinations (46 Triplex, 45 placebo). CMV reactivation occurred in 5 Triplex (9.8%), compared 

to 10 placebo (19.6%) recipients (hazard ratio, 0.46; 95% CI, 0.16 to 1.4; P=0.075). No Triplex 

recipient experienced non-relapse mortality during the first 100 days or serious AEs, no grade 

3-4 AEs related to vaccination within 2 weeks post-vaccination was observed. Incidence of severe 

acute GVHD was similar between groups, post-injection (hazard ratio, 1.1; 95% CI, 0.53 to 2.4; 

P=0.23). Significantly higher levels of long lasting pp65-specific T-cells with effector memory 

phenotype were measured in Triplex compared to placebo recipients.

Limitations: The lower-than-expected CMV event incidence in the placebo group reduced the 

power of the trial.

Conclusions: No vaccine associated safety concerns were identified. Triplex elicited and 

amplified CMV-specific immune responses, and fewer Triplex vaccinated patients experienced 

CMV viremia.

Primary Funding Source: National Cancer Institute and Helocyte Inc.

Reactivation of latent cytomegalovirus (CMV)in CMV seropositive recipients of allogenic 

stem cell transplant (HCT) heightens risk for CMV complications post-HCT, which are 

associated with increased morbidity and mortality (1-3). Preemptive therapy (PET) can 

successfully treat CMV reactivation, although antivirals have significant side effects (4-6). 

Prophylaxis through day 100 with letermovir effectively suppresses CMV reactivation with 

a favorable safety profile (7, 8). Nonetheless, when dosing is stopped, ≥30% of high risk 

patients develop late CMV viremia (8). One cause is mutation-based resistance leading to 

outcomes such as breakthrough viremia, and CMV disease (9-11). Consequently, there is 

still an unmet need for a durable approach to suppress both early and late CMV reactivation 

and its sequelae (4, 12).

This report describes a vaccine to accelerate reconstitution of protective CMV immunity 

(13). Prior clinical studies have indicated that CMV seropositive HCT recipients respond 

to subunit CMV vaccines (14-16). Yet, only one phase 3 trial in HCT recipients has been 

performed (NCT01877655). The results did not demonstrate a significant improvement in 

overall survival, viremia outcomes and reduction in CMV end-organ disease in vaccine 

recipients (13).

Triplex [Center for Biomedicine and Genetics, City of Hope National Medical Center, 

(COH) Duarte CA] is a modified vaccinia Ankara (MVA; viral backbone provided to 

COH from the National Institute of Allergy and Infectious Diseases, Laboratory of Viral 

Diseases)-based vaccine encoding three, immunodominant CMV antigens: pp65, IEl-exon4, 

and IE2-exon5 (17). Their role in protective immunity has been described (18-26). Triplex 

safely and durably expanded high levels of CMV-specific T-cells, when tested in a phase 1 

trial in healthy adults (17). MVA, the attenuated poxvirus vector used in the Triplex vaccine 

was highly tolerable and immunogenic in HCT recipients (27). These encouraging findings 

provided the rationale for a first-in-patient phase 2 trial (NCT02506933) to investigate the 
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safety and efficacy of Triplex in CMV seropositive HCT recipients. We report the outcomes 

of this phase 2 trial.

METHODS

TRIAL DESIGN AND OVERSIGHT

This prospective study was an investigator initiated multicenter, double-blind, randomized, 

placebo-controlled phase 2 trial conducted in three US cancer centers, specialized in 

allogeneic HCT. COH (Duarte, CA) was the lead institution; The Dana-Farber Cancer 

Institute (DFCI; Boston, MA) and The University of Texas MD Anderson Cancer Center 

(MDA; Houston, TX) were the other participating sites. The trial protocol was approved 

by the Food and Drug Administration (FDA, investigational new drug BB-15792, held by 

COH) and institutional regulatory board authorities in each participating site. The trial was 

undertaken in accordance with Good Clinical Practice guidelines and the Declaration of 

Helsinki. All participants provided written informed consent (see Supplemental Methods).

PATIENTS

We recruited CMV seropositive patients from among those scheduled to undergo HCT for 

haematological malignancies. Inclusion and exclusion criteria, and administered therapies 

are provided in the Supplemental Content. Karnofsky performance score (KPS) and Disease 

Risk Index (DRI) (28) were assessed for each patient. On day 28 post-HCT, screened 

patients were excluded from randomization if they had failed to engraft, had grade 3-4 

(according to the Keystone Consensus grading system) acute (a)GVHD, received steroids 

>lmg/kg/day within 7 days, or had any ongoing non-hematologic toxicity ≥grade 3 

(according to the Common Terminology Criteria for Adverse Events, CTCAE v4.0).

TRIAL PROCEDURES

Eligible participants were randomly assigned in a 1:1 ratio to the Triplex or placebo groups. 

The trial used a central registry, with randomization in permuted blocks of size 4, stratified 

according to CMV donor serostatus and participating site. Only the statistician, registrars 

and the pharmacists were aware of the trial-group assignments at the level of individual 

participant data. Participants and their caregivers, physicians, and personnel who assessed 

the trial outcomes were unaware of the trial-group assignments. After randomization on 

day 28 post-HCT, participants received the first dose of Triplex or placebo intramuscularly 

and a second dose on day 56 post-HCT. The patients were clinically and immunologically 

monitored up to 1 year post-HCT. GVHD and adverse events (AEs) were monitored for 

all participants as necessary and not less than bi-weekly from day 28 until day 100 post-

HCT. Afterwards, GVHD was monitored as necessary or monthly until 6 months, and 

subsequently as per standard of care. Clinical and immunological monitoring details are 

provided in Supplemental Methods.

OUTCOMES

The primary outcomes included one measure of efficacy and three measures of safety, 

evaluated in the first 100 days post-HCT. For the primary efficacy outcome, CMV events 

were defined as reactivation (≥1250 CMV DNA IU/mL); viremia requiring treatment; or 
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end-organ disease (29). Primary safety outcomes included non-relapse mortality (NRM), 

severe (grade 3, 4) aGVHD, and grade 3-4 AEs within 2 weeks post vaccination that 

were probably or definitely attributable to the injection. The secondary outcomes included 

duration of CMV viremia and antiviral treatment; incidence of adverse transplant-related 

events; induction of CMV-specific cellular immunity, with focus on functional levels and 

memory phenotypes of CMV-specific T-cells.

STATISTICAL ANALYSIS

The study was designed to have 90% power to detect a reduction in CMV events in the 

vaccine group from 40% to 15% or 30% to 10%, at one-sided 0.10 level of significance 

(appropriate for a phase 2 trial (30)), with a sample size of 102 patients. The primary 

efficacy outcome (CMV events to day 100) was compared between groups using a one sided 

logrank test with estimated hazard ratio. No adjustment for the randomization strata was 

used in the primary analysis, per protocol, but robustness to such adjustments is reported. 

The Andersen-Gill approach (31) was used for inference about the hazard of recurrent CMV 

events throughout the year of follow-up, however no CMV events recurred prior to day 100. 

The PH model, without repeated events, was also used with the full follow-up data to model 

the joint effects of vaccine group, donor CMV serostatus (3, 32), and use of prednisone 

(33) at the first injection (within one day), as baseline covariates, with aGVHD requiring 

prednisone as a time-dependent covariate. The three primary safety outcomes (NRM by day 

100, severe aGVHD, and grade 3-4 probably or definitely related AEs occurring within 2 

weeks after the vaccination) were summarized as binomial counts, with confidence intervals 

for the difference of incidence. Kaplan-Meier plots and hazard ratios (from a simple Cox 

model) were generated to visualize differences in times-to-event between groups for NRM, 

CMV events, acute and chronic GVHD, and all-cause mortality. The PH assumption was 

assessed using the weighted residuals test (R survival package), as well as by visual 

examination of residual plots. No violations of the PH assumption were indicated. Patients 

were censored at loss to follow-up (death, relapse, or withdrawal) or end of follow-up (day 

100 for the primary outcomes, or final follow-up visit).

Generalized estimating equations (GEE) were used to estimate the effect of Triplex on loglO 

transformed concentration of CMV specific T-cells at Days 28, 42, 56, 70, 84, 100, 140, 180, 

270, and 365. The regression model included an indicator variable for Triplex vaccination, 

study day as a categorical variable, and baseline (pre-injection Day 28) immune response 

as a three-level categorical variable based on the tertiles of the Day 28 data. No interaction 

term between Triplex and study day was included. Thus, the estimated effect of Triplex 

represents the average effect over the specified post-vaccination follow-up period. Point 

estimates represent average fold-increase in T-cell concentrations. Further details of the GEE 

analysis and statistical methods for secondary outcomes are provided in the Supplemental 

Methods (34). All analyses were done as randomized (Intention to Treat principle), 

using all available data. Analyses were performed using R software, version 3.5.1 (https://

www.R-project.org. R Foundation for Statistical Computing, Vienna, Austria), including the 

survival package version 2.42-3 (https://CRAN.R-project.org/package=survival: A Package 

for Survival Analysis, Therneau and Lumley) and gee package (version 4.13-19, Carey, 

Lumley and Ripley) (32).
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ROLE OF THE FUNDING SOURCE

This clinical study was designed and the data analyzed by the senior authors and 

biostatisticians, and was supported by grants from the National Cancer Institute and 

Helocyte Inc. The funders had no influence on the design or conduct of the trial and were 

not involved in data collection or analysis, in the writing of the manuscript, or in the decision 

to submit it for publication.

RESULTS

CHARACTERISTICS OF THE PATIENTS

From December 21, 2015, to November 13, 2017, 135 patients were approached for study 

participation around the time of initiating HCT at 3 centers. Thirty-three patients were 

deemed ineligible for randomization per protocol or declined interest in participating by day 

28 and were not randomized. Of the remaining 102 patients, half were randomized to the 

Triplex group and half to the placebo group (Fig. 1). There were more female patients in the 

Triplex compared to the placebo group. Primary diagnoses varied among participants; 75% 

of the vaccine group and 90% of the placebo group had KPS 80-100. HCT parameters such 

as conditioning regimen, and the overall DRI, the strongest determinant of survival after 

HCT were closely balanced between study groups (Table 1).

INTERVENTION AND FOLLOW-UP

All randomized patients received their first injection on day 28 post-HCT; 46 patients 

(90%) assigned to the Triplex group, and 45 patients (88%) assigned to the placebo group 

received the second injection on day 56 post-HCT, completing treatment (Figure 1). Follow-

up to day 100 (primary endpoint) was completed for 47 patients (92%; 2 relapsed their 

underlying disease and 2 withdrew consent) in the Triplex group, and for 43 patients 

(84%; 2 experienced NRM; 5 relapsed their underlying disease; and 1 withdrew consent) 

in the placebo group. Follow up to study end was completed for 34 patients (67%, median 

days=356, IQR 213-364) in the Triplex group and for 36 patients (71%, median days=356, 

IQR 246-365) in the placebo group. Reasons for patients to be lost to follow up are detailed 

in Table S1. All randomized patients were included in the primary analysis.

SAFETY

No patient in the Triplex group experienced NRM during the first 100 days (primary 

outcome) versus 2 patients in the placebo group (P=0.50); the hazard ratio (HR) for post-

injection severe aGVHD was 1.1 as compared with the placebo group (95% Cl, 0.53–2.4; 

P=0.23; Table 2 and Figure 2A). No serious AEs or grade 3-4 AEs probably or definitely 

related to vaccination within 2 weeks from first and second injection were observed in the 

Triplex group (Table 2). Additionally, the incidence of grade 3-4 AEs occurring within 2 

weeks of the injections and considered possibly related to the vaccination were low for both 

Triplex and placebo recipients (see Table S2). No patient assigned to the Triplex group met 

predefined stopping rules after the first or second injection; and none of the participants 

discontinued participation because of a drug-related toxicity. No Triplex-related infections 

or deaths occurred. MVA viral DNA was undetectable at all tested time points (data not 
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shown). The secondary clinical outcomes (Table 2) of grade 2-4 acute and chronic GVHD 

(Figure 2B), relapse, NRM, all-cause mortality and infections had similar incidence in both 

study groups.

CMV-RELATED OUTCOMES

The primary outcome, CMV events through day 100 post-HCT, occurred in 5 patients 

(9.8%) in the Triplex group and in 10 patients (19.6%) in the placebo group (Figure 2C 

and Table 2). The HR for CMV events by day 100 post-HCT was 0.46 (95% Cl, 0.16–1.4; 

one-sided P=0.075). No patient developed a recurrent CMV event before day 100, and the 

vaccine effect estimates were robust to inclusion of donor stratum and center as factors 

in PH models (Cl within 0.15 to 1.44, one-sided P within 0.065 to 0.09). A post-hoc PH 

model (Table S3) fit to the first occurrences of CMV events over the full year of follow-up, 

indicated an increased risk for a CMV event after prednisone administration for GVHD 

(HR 12; CI, 4.9–31; P<0.001). In contrast, when prednisone was not administered at first 

injection (HR 0.22; CI, 0.081–0.62; P=0.004), or the patients had a CMV seropositive donor 

(HR 0.19; CI, 0.072–0.50; P<0.001), the hazard was lower. The estimated full-year effect of 

Triplex vaccination was robust to the adjustment for these risk factors (HR 0.5; CI, 0.21–1.2; 

P=0.120). The secondary outcome of late CMV events occurred with similar frequency in 

the two groups, 5 CMV events in the Triplex group vs. 4 events in the placebo group. No 

cases of CMV disease were observed; all patients who had a CMV event received antiviral 

treatment, except for one COH patient from the placebo group, whose viremia self-resolved. 

The Triplex group did not significantly differ from the placebo group in CMV viremia 

duration, recurrence and usage of antivirals (Table 2).

Results of the immunogenicity analyses are shown in Figures 3 and S1, and Tables S4 and 

S5. Concentrations of pre-vaccination CMV-specific CD137+ CD4+ and CD8+ T-cells varied 

widely among patients, with higher levels more likely to be observed when the donor was 

CMV seropositive. Concentrations increased longitudinally in the placebo group as immune 

reconstitution occurred with levels plateauing beyond day 100 post-HCT. Among vaccinated 

patients, concentrations of pp65-specific CD137+ CD4+ T-cells were significantly higher 

compared to placebo between Day 42 and Day 100 by a multiplicative factor of 1.98 (CI: 

1.26–3.12; P=0.003), and CD8+ T-cells were increased by a multiplicative factor of 1.71 (CI: 

1.05–2.80; P=0.030) (Tables S4). The combined concentration of CD4+ and CD8+ T-cells 

showed a multiplicative effect of vaccination of 1.97 (CI: 1.27–3.03; P=0.003). Similar 

results were found among patients with a CMV seropositive donor, in whom point estimates 

for the vaccine effect were greater than 1.0, but intervals included 1.0 (Table S4, lower 

panel). While the effect of vaccination on immunogenicity was less among patients with a 

CMV negative donor, the test of interaction was non-significant. However, the study was not 

powered to detect interaction differences. No effect of vaccination was found for CD137+ 

CD4+ and CD8+ T-cells specific for IE1 and IE2. Effector “revertant” T-cells (CD45RA+ 

CD28−, re-expressing the RA isoform of the CD45 surface marker, TEMRA) and naive 

phenotypes (CD45RA+ CD28+) of CD137+ CD3+ CD8+ T-cells specific for pp65 (Figure 3B 

and Table S5) were more frequently detected in the Triplex group compared to the placebo 

group (P=0.020 for TEMRA and P<0.001 for naive, respectively). The memory phenotype 

of CMV-specific CD137+ CD3+ CD4+ T-cells was largely composed of central memory 
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T-cell subsets (CD45RA− CD28+, TCM; all median >90%), with similar frequencies in both 

groups (data not shown).

DISCUSSION

The MVA vectored CMV vaccine (Triplex) was well tolerated when administered early 

post-transplant to HCT recipients. Transplant outcomes and treatment-emergent adverse 

events did not significantly differ between the Triplex and placebo groups (Table 2).

The risk of having a clinically relevant CMV event during the first 100 days posttransplant 

was halved in patients vaccinated with Triplex (Figure 2C). Consequently, Triplex met the 

per protocol primary design criterion of reducing CMV event incidence. Nonetheless, the 

lower-than-expected CMV event incidence observed in the placebo group (Table 2) reduced 

the power of the trial (35). Protocol exclusion criteria related to GVHD and corticosteroids 

are likely to have impacted the CMV event incidence. Post-hoc multivariate analysis of risk 

factors for CMV events (Table S3) demonstrated significant risk when GVHD occurred and 

prednisone (allowed per protocol) was administered, thus supporting our interpretation and 

previous findings (33, 35). Acute GVHD grade 3-4 was higher in the Triplex group, before 

and after vaccination: 4 patients were diagnosed prior to the first injection compared to 2 in 

the placebo group. However, the difference was not beyond expected variation (Figure 2A). 

Nonetheless in the Triplex group, in which more patients were treated with steroids for high 

grade aGVHD, the hazard of CMV reactivation (defined as the protocol-specified primary 

endpoint) was still 50% less than in the placebo group (Figure 2C and Table S3).

Triplex vaccinated patients had reduced CMV reactivation and higher levels of CMV 

specific T-cells compared to the placebo group in the early post-HCT time frame. In 

particular, immune reconstitution of functionally activated CD137+ CD4+ and CD8+ pp65-

specific T-cells were significantly enhanced in the Triplex group through day 100, as well 

as one year post-HCT (Figure 3A). Both clinical and subclinical CMV viremia has the 

potential of triggering CMV specific T-cells in immune reconstituting HCT recipients (36). 

Levels, dynamics and timing of CMV specific T-cell induction varies greatly among viremic 

patients (37, 38). To minimize the impact of viremia-stimulated CMV-specific T-cells in the 

immune analysis of the randomized patients, all data points after CMV reactivation were 

excluded from both study groups (15, 16). Due to the limited number of the CMV viremic 

patients, the high variability of the responses, and the lack of information regarding the exact 

start time of CMV viremia for each patient, correlative analyses of CMV specific T-cells and 

viremia were infeasible.

Protocol-specified secondary outcomes confirm previous prospective analysis and 

retrospective reports on the critical role of pp65-specific T-cells, in protecting HCT 

recipients from CMV viremia, early post-HCT (14, 15, 32, 39). The findings here and 

elsewhere that transplant from a CMV seropositive donor has a significantly decreased 

risk for a CMV event (Table S3) (20, 40), support the protective role of CMV cellular 

immunity (3, 32). However, the effect of Triplex vaccination in HCT recipients was 

observed independent of donor CMV serostatus (17). To our knowledge, this is the first 

evidence of a universal (non-HLA-specific) (15) viral-based vectored CMV vaccine, which 
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safely induces a robust and durable CMV-specific T-cell response in immune suppressed 

patients, starting early post-HCT.

Similar to what was found in healthy adults vaccinated with Triplex, levels of CD137+ 

CD4+ and CD8+ IE1 and IE2-specific T-cells did not significantly differ between groups 

(17). Both IE1 and IE2 CMV antigens were frequently recognized by the study recipients 

post-HCT, as previously reported in transplant patients (18-26). In solid organ transplant 

patients, protection against CMV disease was associated with IE1-specific CD8+ T-cells (21, 

41), whereas other reports showed a positive correlation between pp65 T-cell responses and 

CMV viremia (42). As for HCT, reconstitution of pp65-specific CD8+ T-cells correlates with 

decreased frequency of early CMV reactivation and improved outcomes of CMV disease 

(38, 43-46). Recently, pp65-specific CD8+ T-cell functional signatures with robust predictive 

value for risk of clinically significant CMV infection following HCT have been identified 

(39). Thus, our findings of increased levels of pp65-specitic T-cell responses and reduced 

viremia in Triplex vaccinated patients appear to confirm the critical role of pp65 for HCT 

recipients. Future studies of Triplex vaccine in the context of solid organ transplantation may 

shed light on the controversial issue regarding the protective role of IE1 T-cells against CMV 

reactivation.

We found that patients in the Triplex group had larger proportions of pp65-specific 

CD8+ T-cells, displaying the highly functional and long-lasting TEMRA effector memory 

phenotype (Figure 3B) (47) in Triplex compared to the placebo group. In healthy CMV 

seropositives, high frequencies of activated CMV-specific TEM and TEMRA cells (16, 

48) were associated with a lack of virus detection in the blood, suggesting that activated 

T-cells may play a role in limiting viremia (49). In particular, CMV-specific TEMRA are 

subsets of persistently activated effector memory T-cells, which re-express CD45RA after 

antigenic stimulation (49). The expression of CD45RA is often associated with naive T-cells, 

from which TEMRA are generated (50). Interestingly, frequencies of naive pp65-specific 

CD8+ T-cells were also much higher in the Triplex compared to the placebo group (Table 

S5). Altogether, these results suggest that the antigenic stimulation driven by the Triplex 

vaccination may potentiate the recovery of the T-cell compartment, by increasing the 

production of naive T-cells in the thymus (48).

Despite these promising attributes, this first-in-patient phase 2 trial has several design 

limitations. First, two injections of Triplex were the maximum number given to patients on 

days 28 and 56 post-HCT, since Triplex tolerability in an immunocompromised population 

was unknown. This may have resulted in the lack of protective effect beyond day 100 

post-HCT observed in some vaccinated patients. Additional Triplex injections are proposed 

in a planned phase 3 trial, to potentially lengthen the vaccine protective and immune 

stimulating effect, especially in patients who develop high grade aGVHD, and are at higher 

risk for CMV reactivation. MVA-based vaccines for cancer treatment are safely administered 

multiple times, without reduction of efficacy (51). Second, the viremia threshold (>1250 

CMV DNA IU/mL) recommended by the lead institution (COH) for PET initiation was 

included in the composite primary endpoint. However, CMV viremia above the pre-defined 

threshold was not uniformly treated at COH. In contrast, physicians at DFCI and MDA 

promptly treated patients when >400 CMV DNA IU/ml were detected. The variable 
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initiation of PET among the participating institutions might have affected the possibility 

of observing a vaccine effect for viremia related secondary outcomes, including reduction 

of CMV viremia duration and antiviral usage. Finally, the study was designed expecting 

at least 30% of patients in the placebo group to have CMV events. Since the actual CMV 

event incidence was close to 20% in this group, the reduced number of events contributing to 

the primary endpoint prevented conclusive statistical analyses and estimates on the possible 

clinical and immunological factors for Triplex vaccine failures.

In conclusion, Triplex is an attractive immunotherapeutic to elicit and enhance protective 

CMV immunity. Its favorable outcomes and multiplicity of clinical applications (see 

Supplemental Appendix) are of special interest for infectious disease and transplant 

physicians, eagerly awaiting new treatments for reducing the burden of CMV morbidity 

in both the HCT and solid organ transplant settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Enrollment and Randomization of Patients.
Details regarding eligibility and exclusion criteria are provided in the Methods. Reasons for 

patients lost to follow up (boxes after number received 2nd injection) are detailed in Table 

S1. COH denotes City of Hope, DFCI The Dana-Farber Cancer Center Institute, MDA The 

University of Texas MD Anderson Cancer Center, HCT hematopoietic cell transplantation, 

GVHD graft-versus-host disease.
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Figure 2. Time-to-Event Curves, Acute GVHD (Grade 3-4), Chronic GVHD, and CMV events.
Kaplan-Meier estimates are shown, with censoring times indicated. Note that for severe 

acute GVHD, half of the events on each arm, hence half of the separation, was for diagnoses 

made before the first injection on day 28. These events are not included in estimation of 

the hazard ratio. CI denotes Confidence Interval, GVHD graft-versus-host disease, CMV 

cytomegalovirus.
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Figure 3. 
(A) Longitudinal levels of combined pp65-specific CD137+CD4+ and CD137+CD8+ T-cells 

(109/L, logarithms of the concentrations). T-cell concentrations prior to protocol-defined 

CMV event were used. The band shown was computed using the loess scatterplot smoother 

providing the marginal geometric mean concentrations through time for each group. A 

95% confidence band is shown in gray and individual measurement trajectories are shown 

for each study subject, up to 7 days prior to reactivation. Logarithmic spacing of both 

scales is used to aid visualization. (B) Boxplots showing percentages on arcsine scale of 

pp65-specific CD137+CD8+ T effector memory re-expressing the RA isoform (TEMRA) 

post-HCT. Box spans the interquartile range (IQR), the central bar shows median and the 

whiskers extend to 1.5 times the IQR.
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Table 1.

Characteristics of the Patients at Baseline

Characteristics Vaccine (N=51) Placebo (N=51)

Median age (IQR) –yr 60 (47-66) 57 (46-66)

Female sex– no. (%) 24 (47) 13 (25)

Primary diagnosis – no. (%) 24 (47) 13 (25)

 Acute Myelogenous Leukemia 19 (37) 14 (27)

 Acute Lymphoblastic Leukemia 11 (21) 6 (12)

 Myelodysplastic Syndrome 8 (16) 11 (21)

 Non-Hodgkin Lymphoma 6 (12) 10 (20)

 Myeloproliferative Disease 5 (10) 5 (10)

 Acute Leukemia NOS 1 (2) 3 (6)

 Hodgkin Lymphoma 1 (2) 2 (4)

Disease Risk Index - no. (%)

 Low 3(6) 5(10)

 Intermediate 40 (78) 37(72)

 High 7(14) 9(18)

 Very High 1(2) 0(0)

Karnofsky performance score (at conditioning for HCT) – no. (%)

 60 2 (4) 0 (0)

 70 11 (21) 5 (10)

 80 8 (16) 23 (45)

 90 27 (53) 15 (29)

 100 3 (6) 8 (16)

Conditioning regimen – no. (%)

 Fully ablative 20 (39) 17 (33)

 Reduced intensity 31 (61) 34 (67)

Donor/recipient CMV status – no. (%)

 −/+ 24 (47) 25 (49)

 +/+ 27 (53) 26 (51)

IQR denotes interquartile range, NOS not otherwise specified, HCT hematopoietic cell transplantation, HLA human leukocyte antigen, CMV 
cytomegalovirus.
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