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Bloodstream Infection Due to Vancomycin-resistant
Enterococcus Is Associated With Increased Mortality
After Hematopoietic Cell Transplantation for Acute
Leukemia and Myelodysplastic Syndrome: A Multicenter,
Retrospective Cohort Study

Genovefa A. Papanicolaou,' Celalettin Ustun,” Jo-Anne H. Young,® Min Chen,’ Soyoung Kim,® Kwang Woo Ahn,*® Krishna Komanduri,®
Caroline Lindemans,” Jeffery J. Auletta,® Marcie L. Riches®; and the CIBMTR® Infection and Immune Reconstitution Working Committee®

'Infectious Diseases Service, Memorial Sloan Kettering Cancer Center, New York, New York; ‘Rush University Division of Hematology, Oncology and Transplantation, Chicago, lllinois; Department
of Medicine, University of Minnesota Medical Center, Minneapolis; “Center for International Blood and Marrow Transplant Research, Department of Medicine, and “Division of Biostatistics,
Institute for Health and Society, Medical College of Wisconsin, Milwaukee; ®University of Miami, Florida; 'Pediatric Blood and Marrow Transplantation Program, University Medical Center, Utrecht
University, The Netherlands; ®Blood and Marrow Transplant Program and Host Defense Program, Divisions of Hematology/Oncology/Bone Marrow Transplant and Infectious Diseases, Nationwide
Children’s Hospital, Columbus, Ohio; and *Division of Hematology/Oncology, the University of North Carolina at Chapel Hill

Background. We examined the impact of vancomycin-resistant Enterococcus (VRE) bloodstream infection (BSI) on outcomes
of allogeneic hematopoietic cell transplantation (HCT) utilizing the Center for International Blood and Marrow Transplant Research
database.

Methods. Adult and pediatric patients (N = 7128) who underwent first HCT for acute leukemia or myelodysplastic syndrome
from 2008 through 2012 were analyzed as 3 groups—VRE BSI, non-VRE BSI, without BSI—according to BSI status at 100 days
(D100) after allogeneic HCT. Multivariable models examined the effect of VRE BSI for overall survival (OS) and nonrelapse mor-
tality (NRM) at 1 year.

Results. Of 7128 patients, 258 (3.2%) had VRE BSI, 2398 (33.6%) had non-VRE BSI, and 4472 (63%) had no BSI. The median
time to VRE BSI and non-VRE BSI were D11 and D15, respectively. Compared with non-VRE BSI patients, VRE BSI patients were
older, had advanced-stage acute leukemia, and received umbilical cord blood (UCB) allografts. In multivariable models, VRE BSI
was associated with lower OS (relative risk [RR], 2.9;(99% confidence interval [CI], 2.2-3.7) and increased NRM (RR, 4.7; 99% CI,
3.6-6.2) (P < .0001) for both. Other predictors for worse OS and increased NRM were non-VRE BSI, older age, advanced disease

stage, UCB allograft, - mismatch, comorbidity index >3, and cytomegalovirus seropositivity (P < .001 for all variables).

Conclusions.

VRE BSI is associated with lowest OS and highest NRM compared with patients without BSI or non-VRE BSL

Novel interventions that address the pathophysiology of VRE BSI have the potential of improving survival after HCT.

Keywords.

vancomycin-resistant Enterococcus (VRE); bacteremia; hematopoietic stem cell transplantation; mortality.

The incidence of vancomycin-resistant Enterococcus (VRE)
bloodstream infection (BSI) after allogeneic hematopoietic cell
transplantation (HCT) ranges from 3.6% to 22% [1-8]. VRE
colonization, mucosal barrier injury, neutropenia, antibiotic
use, and renal insufficiency are known risk factors for VRE BSI
[9-12]. VRE BSI, a marker of intestinal dysbiosis, is associated
with poor transplant outcomes [13, 14], longer hospitalization
compared with non-VRE BSI [3, 15], and increased mortality
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[16-18]. Mortality associated with VRE BSI ranges from 4% to
70% in single-center studies [1]. There are no consortium-level
data related to the impact of VRE BSI on long-term survival
post HCT. We conducted a retrospective analysis utilizing
the Center for International Blood and Marrow Transplant
Research (CIBMTR) database to investigate the impact of
VRE BSI within the first 100 days post HCT on overall sur-
vival (OS), nonrelapse mortality (NRM), and relapse at 1 year
following HCT.

METHODS

Data Source

Data were obtained from the CIBMTR, a voluntary working
group of more than 450 transplantation centers worldwide
that contribute data for consecutive allogeneic and autologous
HCT procedures to a statistical center at the Medical College of
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Wisconsin in Milwaukee and the NMDP Coordinating Center
in Minneapolis (Supplementary Material).

Patients

The study population included patients who received their first
allogeneic HCT for acute myelogenous leukemia (AML), acute
lymphoblastic leukemia (ALL), or myelodysplastic syndrome
(MDS) between January 2008 and December 2012 contained
in the CIBMTR database. Patients received bone marrow (BM),
peripheral blood stem cells (PBSCs), or umbilical cord blood
(UCB) allografts from either matched related or unrelated
donors. Transplants utilizing haploidentical donors and T-cell-
depleted allografts were included in the analyses.

Definitions

Centers report infection data to the CIBMTR with an organism
code, date of onset, and site of infection. These data do not in-
clude information regarding method of diagnosis, severity of
infection, or treatment. BSI was defined as a bacterial organism
reported from the blood/buffy coat obtained either from pe-
ripheral blood or a central venous catheter. VRE BSI was defined
as a VRE isolate in >1 blood cultures between 10 days before
(D10) and 100 days after HCT (D100) as reported to CIBMTR.
Non-VRE BSI was defined as >1 positive blood cultures by any
bacterium(a) except VRE and without BSI as patients without a
bacterial BSI between D10 and D100.

Conditioning intensity was defined as myeloablative or
reduced intensity/nonmyeloablative using defined criteria
[19]. Performance status at the time of HCT was defined ac-
cording to the Karnofsky performance scale (KPS) for patients
aged =16 years or the Lansky scale for those aged <16 years.
Disease status was categorized as early (AML/ALL in CR1 [first
complete remission] or MDS with refractory anemia with or
without ringed sideroblasts, refractory cytopenias with multi-
lineage dysplasia with/without ringed sideroblasts, and MDS
with 5q@-syndrome); intermediate (AML/ALL in >CR2); or ad-
vanced (AML/ALL untreated, primary induction failure, or re-
lapse or MDS including refractory anemia with excess blasts).
human leucocyte antigen (HLA)-match grade categories for
unrelated donors were categorized as previously published [20].

Outcomes and Endpoints

OS and NRM, relapse, and disease-free survival (DFS) were
assessed at 180 days and 1 year following HCT. OS was de-
fined as the time from HCT to death from any cause. Patients
were censored at time of last follow-up. NRM, defined as death
without evidence of relapse or progression of underlying malig-
nancy, was estimated using the cumulative incidence function
with relapse/progression as the competing risk. Progressive di-
sease or recurrence of disease was estimated using the cumu-
lative incidence function with death as the competing risk.
Chronic graft versus host disease (GVHD) was scored using the

National Institutes of Health consensus criteria [21]. Patients
who survived without recurrence or progressive disease were
censored at the date of last contact. Primary causes of death
were reported by the centers. Centers report cause of death
information to the CIBMTR following the instructions in the
CIBMTR Forms Instruction Manual for primary and contribu-
tory causes of death [22].

Statistical Analyses

To assess the impact of early VRE BSI on the outcomes of in-
terest, patients were categorized into 3 mutually exclusive groups
based upon bacterial BSI status by D100: VRE BSI, patients with
BSI caused by VRE; non-VRE BSI, patients with BSI caused by
any bacteria except VRE; and without BSI, patients without any
bacterial BSI.

The X* test for categorical variables and the Wilcoxon
2-sample test for continuous variables compared patient-, di-
sease-, and transplant-related factors present at the time of
transplant. Time-dependent variables of neutrophil engraft-
ment and development of acute GVHD are descriptive only
as these events occurred after HCT but developed simultane-
ously with the bacterial BSI (or not) that created the cohorts
for the analysis. The Kaplan-Meier estimator determined prob-
ability of OS and DES, whereas cumulative incidence estimates
accounting for competing risk provided values for other end-
points. Because the cohorts are determined by an event occur-
ring (or not) by D100, we performed univariate analyses for the
entire population from the time of transplant (D0) and a land-
mark analysis for only those patients alive at D100. Using this
approach, the trends and statistical significance for all events
were similar; thus, we report the results for the entire popula-
tion unless specified otherwise.

A Cox model for the entire population was fit to assess the
impact of VRE BSI on the outcomes of OS, DFS, NRM, and
relapse. The proportional hazards assumption was checked
and, if violated, the variable was included as time-dependent
covariate. Examination for interaction between the main effect
and significant covariates occurred. Variables examined in the
multivariable models included age (<20 years vs 21-40 years vs
41-50 years vs >60 years); KPS (290% vs <90%); disease stage
(AML/ALL early [CR1] vs AML/ALL intermediate [>CR2] vs
AML/ALL advanced [relapsed/refractory], vs MDS early [re-
fractory anemia (RA), refractory anemia with ringed sidero-
blasts (RS), refractory cytopenia with multilineage dysplasia
(RCMD), RCMD/RS] vs MDS advanced [RAEB1, RAEB2]);
HCT-comorbidity index (HCT-CI) (0 vs 1-2 vs >3); donor
(D)/recipient (R) cytomegalovirus (CMV) serostatus (both
negative vs any positive); conditioning intensity (myeloab-
lative vs nonmyeloablative/reduced intensity); donor/HLA-
match (HLA-identical sibling vs 8/8 unrelated vs mismatched
unrelated vs UCB vs other [mismatched related/haploidenti-
cal or unrelated with HLA missing]); antithymocyte globulin/
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alemtuzumab use (no vs yes); GVHD prophylaxis (calcineurin
inhibitor [CNI] + methotrexate others vs CNI + mycopheno-
late mofetil + others vs T-cell depletion [in vivo or ex vivo]
vs other); and year of HCT (2008-2009 vs 2010-2012). Cox
models incorporating acute GVHD at any time after trans-
plant, only prior to BSI, or excluding acute GVHD were
constructed. Relative risks and significant covariates were un-
changed across these 3 models; therefore, models shown do
not include acute GVHD. The score test of Commenges and
Andersen examined for center effect [23]. Multivariable anal-
yses for OS, DFS, relapse, and NRM all demonstrated a center
effect.

RESULTS

Patient Population

From 2008-2012, 7861 patients who received first alloge-
neic HCT for AL and MDS were reported to CIBMTR. To
minimize reporting biases, centers that reported 0 or 100%
patients with coagulase-negative staphylococci (CoNS)
BSI and centers that reported 100% patients with BSI were
excluded (269 patients from 50 centers). In addition, 464
patients were excluded for missing consent (n = 281) or
missing data (n = 183). After excluding 733 patients, 7128
patients from 181 centers (135 US centers) were included in
the final analyses. The median follow-up of survivors for the
entire cohort was 59 months (95% confidence interval [CI],
3-87); VRE BSI, 65 months (95% CI, 24-74); non-VRE BSI
60, months (95% CI, 3-87); and control 59, months (95% CI,
3-87)]; although all events are examined at 1 year following
transplantation.

Incidence of VRE BSI

A total of 258 (3.6%) patients had VRE BSI, 2398 (33.6%)
had non-VRE BSI, and 4472 (63%) had no BSI during the
study period. VRE accounted for 9.7% of all BSI (258/2656).
Supplementary Figure S1 shows the distribution of BSI organ-
isms. Gram-positive organisms comprised 56% of all BSI: VRE,
9.7%; vancomycin-sensitive Enterococci (VSE), 4%; viridans
group streptococci (VGS); 8%; coNS, 27%; and staphylococci
other than coNS, 7%.

The median time to VRE BSI was D11 (<1-99 days) prior
to neutrophil engraftment, which occurred at a median of
D15 (<1-111) for the population. The majority of VRE BSI
(n = 155, 60%) occurred between the start of conditioning
and 14 days after neutrophil engraftment. While 111 (43%)
patients with VRE BSI had VRE as the sole pathogen of BSI,
the remaining 147 patients (57%) had polymicrobial BSI
with CoNS (20%) and Enterobacteriaceae (11%) being the
most frequent copathogens. Among the various stem cell
sources, VRE BSI was highest in UCB recipients (n = 103,
5.6%) compared to BM (n = 110, 4.2%) and PBSC recipients
(n =45, 2.5%).

Comparison of Patients With VRE BSI With Non-VRE BSI or Without BSI
Table 1 shows a comparison of baseline and clinical character-
istics for the 3 patient groups. Compared with non-VRE BSI,
VRE BSI patients were older (>60 years); more likely to have
advanced stage AML/ALL; received UCB, a myeloablative con-
ditioning regimen, and high-dose total body irradiation (=1200
Gy); and were CMV donor seronegative (D-) and recipient se-
ropositive (R+). Median time (range) from diagnosis to HCT
was 7 months (1-224), 7 months (<1-313), and 6 months (<1-
291) for patients with VRE BSI, non-VRE BSI, and without BSI,
respectively (P = .005).

Table 2 describes the frequency and time to event for neu-
trophil engraftment, platelet engraftment, and acute GVHD
within the 3 groups. Because these events occurred prior to the
defining event of BSI (or not) by D100 and both the defining
event and the analyzed event are time dependent, univariate
comparisons are not statistically appropriate.

Univariate Analyses of HCT Outcomes

Table 3 shows the probabilities of OS, NRM, DEFS, and relapse
for VRE BSI, non-VRE BSI, and without BSI. Patients with VRE
BSI had the lowest OS and DFS and the highest NRM at 1 year
post HCT (P < .0001 for all). In contrast, the probability of re-
lapse was similar across the groups. To assess the immediate im-
pact of VRE, we compared survival at 30 days from BSI onset
between 258 patients with VRE BSI and 2398 patients with non-
VRE BSI. VRE BSI was associated with worse 30-day survival,
78% (95% CI, 72%-82%) and 90% (95% CI, 89%-91%), respec-
tively (P <.001). Table 4 describes the cause of death for patients
by 1 year.

Multivariate Analyses of HCT Outcomes

Overall Survival

By 1 year post HCT, 26% (95% CI, 20%-31%) of patients with
VRE BSI were alive (Figure 1). After adjusting for covari-
ates, VRE BSI was associated with worse OS (Figure 2). VRE
BSI patients had a 2.9-fold increased risk of death compared
with patients without BSL. In addition, older age (>60 years),
advanced disease stage, KPS <90, HCT-CI >3 and receipt of
an unrelated <7/8 HLA matched, or cord blood allograft and
CMV R and/or D seropositivity were independent predictors
of mortality (P value <.0001 for all). In contrast, undergoing
HCT between 2010 and 2012 was associated with improved OS
(0.0067).

Nonrelapse Mortality

NRM for VRE BSI was 51% (95% CI, 44%-57%) at 1 year
(Figure 3). After adjusting for covariates, VRE BSI patients had
4.7-fold increased NRM compared with patients without BSI
(P < .001). Other factors associated with increased NRM were
older age, KPS <90, HCT-CI 23, CMV R and/or D seroposi-
tivity, and receipt of allograft from other than matched related
donor (Figure 4).
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Table 1. Baseline Characteristics of Patients With Vancomycin-resistant Enterococcus Bloodstream Infection (VRE BSI), Non-VRE BSI, and Without BSI

VRE BSI Non-VRE BSI Without BSI
Characteristic N (%) N (%) N (%) P Value®
Patients 258 2398 4472
Number of centers 76 174 177

Patient related
Age (y), median (range) 49 (1-73) 42 (<1-79) 49 (<1-78) <.001
Disease-related

Disease stage at transplant <.001

AML/ALL early 100 (39) 953 (40) 1908 (43)

AML/ALL intermediate 45 (17) 613 (26) 884 (20)

AML/ALL advanced 62 (24) 364 (15) 613 (14)

MDS early 16 (6) 175 (7) 415 (9)

MDS advanced 34 (13) 275 (11) 630 (14)

Missing 1(<1) 18 (<1) 22 (<1)
Hematopoietic cell transplantation comorbidity index .023

0 87 (34) 1056 (44) 1927 (43)

1 50 (19) 343 (14) 649 (15)

2 31(12) 263 (1) 536 (12)

>3 89 (34) 692 (29) 1263 (28)

Missing 1(<1) 44 (2) 97 (2) .
White blood cell count prior to preparative regimen, median (range), 10%/L 3.6 (0.0-26.2) 3.9 (0.0-28.9) 3.9 (0.0-28.9) .036

Missing 6(2) 26 (1) 44 (<1)

Transplant-related

Conditioning regimen intensity <.001

Myeloablative 206 (80) 1894 (79) 3149 (70)

Reduced intensity conditioning/nonmyeloablative 52 (20) 504 (21) 1323 (30)
TBI dose <.001

NoTBI 119 (46) 131 (47) 2480 (55)

<1200 cGy 78 (30) 751 (31) 1297 (29)

>1200 cGy 61 (24) 516 (22) 695 (16)
Donor/Recipient cytomegalovirus status <.001

+/+ 48 (19) 499 (21) 1043 (23)

+/- 15 (6) 169 (7) 418 (9)

-+ 128 (50) 988 (41) 1627 (36)

=~ 64 (25) 718 (30) 1307 (29)

Missing 3(1) 34 (1) 77 (2)
Graft type <.001

Bone marrow 45 (17) 360 (15) 662 (15)

Peripheral blood 110 (43) 1225 (51) 2892 (65)

Cord blood 103 (40) 813 (34) 918 (21)
Graft versus host disease prophylaxis <.001

CSA/TAC + MTX + others® 115 (45) 1114 (46) 2348 (53)

CSA/TAC + MMF + others® 100 (39) 866 (36) 1393 (31)

CSA/TAC + others® 18 (7) 326 (14) 537 (12)

Others® 25 (10) 92 (4) 194 (4)

Granulocyte-colony stimulating factor, granulocyte-macrophage- 170 (66) 1434 (60) 2379 (63) <.001

colony stimulating factor (day 3 to day 15)

Supplemental intravenous immunoglobulin 122 (47) 1170 (49) 1766 (39) <.001
Year of transplant <.001

2008 76 (29) 741 (31) 1194 (27)

2009 75 (29) 672 (28) 1073 (24)

2010 47 (18) 451 (19) 837 (19)

20m 34 (13) 283 (12) 642 (14)

2012 26 (10) 251 (10) 726 (16)

The following variables were not significant: fungal infection within 3 months prior to hematopoietic cell transplantation (HCT), neutrophil counts prior to preparative regimen, lymphocyte
count prior to preparative regimen, sex, Karnofsky performance scale score at HCT. Donor and recipient gender match, antithymocyte globulin/Campath as conditioning for graft versus host
disease prophylaxis.

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; CSA, cyclosporine; MDS, myelodysplastic syndrome; MMF: mycophenolate mofetil; MTX, metho-
trexate; TAC: tacrolimus; TBI, total body irradiation.

?Pvalue: comparisons are made across the 3 groups.
°Other includes ex vivo T-cell depletion, CD34* selection, cyclophosphamide, antithymocyte globulin/Campath, sirolimus +other (not TAC or CSA) or other.
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Table 2. Time-dependent Variables of Patients With Vancomycin-resistant Enterococcus Bloodstream Infection (VRE BSI), Non-VRE BSI, and Without BSI

Variable VRE BSI Non-VRE BSI Without BSI
Patients 258 2398 4472
Time from transplant to BSI, 1 (<1-99) 11 (<1-100)
median (range) days
ANC >500%, n (%)
Yes 214 (83) 2249 (94) 4321 (97)
No 44 (17) 144 (6) 138 (3)
Missing 0 5 (<1) 13 (<1)
Time to ANC >500, days from HCT 18 (1-89) 16 (<1-99) 15 (<1-111)
Platelet >20 x 10%L,% n (%)
Yes 143 (55) 1958 (82) 4049 (91)
No 112 (43) 409 (17) 395 (9)
Missing 3(1) 31 (1) 28 (<1)
Time to platelet >20 x 109/, 27 (1-640) 24 (<1-1180) 19 (<1-753)
median (range) days from HCT
Acute GVHD grade lI-1V, n (%)
Yes 104 (40) 1070 (45) 1673 (37)
No 150 (58) 1307 (55) 2761 (62)
Missing 4(2) 21 (<1) 38 (<1)
Time to acute GVHD, median (range) days 26 (7-158) 27 (7-176) 29 (7-178)

Abbreviations: ANC, absolute neutrophil count; BSI, bloodstream infection; GVHD, graft versus host disease; HCT, hematopoietic cell transplantation.

#Number of patients who achieved an ANC >500 mm?® or platelet count >20 x 10%L after HCT.

Contrast Analyses

To assess the impact of VRE BSI compared with non-VRE BSI on
OS and NRM, we performed contrast analyses (Supplementary
Table S1). After adjusting for covariates, VRE BSI conferred ap-
proximately 2-times higher risk of death and 2.7-times higher
risk of NRM. In contrast, risk of relapse was similar for VRE
and non-VRE BSI (Figure 5).

In our cohort, a wide range of bacteria caused BSI with differ-
ences in pathophysiology and outcomes. In addition, >50% of
VRE BSI had concomitant pathogens. To further assess the im-
pact of VRE as the sole BSI pathogen, we performed univariate
analyses of OS and NRM comparing pairwise VRE BSI (as single
pathogen n = 111) with VRE BSI (with concomitant pathogens
n = 147), VSE BSI (n = 89), viridians group streptococci BSI
(n =192), and Enterobacteriaceae BSI (n = 256) (Supplementary
Figure S2 shows the univariate analyses for OS). OS and NRM at
1 year were similar between VRE BSI as single pathogen or VRE
BSI with concomitant pathogens. In contrast, patients with VRE
BSI had lower OS and higher NRM compared with VSE, VGS,

or gram negative rods (GNR). The small numbers for each BSI
category precluded multivariable models.

DISCUSSION

Results presented here show that VRE BSI that occurred by
D100 was associated with decreased OS and increased NRM in
the first year post HCT after adjusting for patient and transplant
characteristics. To our knowledge, we are the first to compare
the impact of VRE BSI to non-VRE BSI on long-term HCT out-
comes in a large, multiinstitutional cohort. Despite the availa-
bility of antibiotics against VRE [24, 25], patients with VRE BSI
had 4.7- and 2.7-fold increased risk of 1-year NRM compared
with patients without BSI or non-VRE BSI, respectively.
Previous studies with shorter follow-up report an increased
risk of death with VRE BSI [5, 6, 8, 16, 26]. Post-engraftment
VRE BSI has been associated with increased mortality, pos-
sibly due to an association of VRE BSI with GVHD [3, 12]. Due
to the interplay of infection and GVHD as well as the cohort

Table 3. Univariate Outcomes of Overall Survival, Disease-free Survival, Nonrelapse Mortality, and Relapse by 1 Year for Patients With Vancomycin-
resistant Enterococcus Bloodstream Infection (VRE BSI), Non-VRE BSI, and Without BSI

VRE BSI, Non-VRE BSI, Without BSI,
QOutcome % (99% Cl) % (99% ClI) % (99% ClI) P Value
Overall survival 26 (20-31) 56 (54-58) 66 (65-67) <.0001
Nonrelapse mortality 51 (44-57) 24 (22-26) 15 (14-16) <.0001
Disease-free survival 23 (18-29) 48 (46-50) 44 (53-56) <.0001
Relapse 26 (21-32) 28 (26-30) 30 (29-32) .0656

Abbreviation: Cl, confidence interval.
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Table 4. Primary Cause of Death by 1 Year Post-Hematopoietic Cell Transplantation of Patients With Vancomycin-resistant Enterococcus Bloodstream

Infection (VRE BSI), non-VRE BSI, and Without BSI by Day 100

Variable

Patients who died by 1 year post hematopoietic cell transplantation
Relapse (recurrent/persistent disease)
Organ failure

Infection

Graft versus host disease

Other cause

Hemorrhage

Idiopathic pneumonitis

Graft rejection

Unknown

Secondary malignancy

Infection was a secondary/contributing cause of death: VRE BSI = 45 (23%), non-VRE BSI = 187 (18%), without BSI = 215 (14%).

determination by events occurring by D100, univariate com-
parisons of GVHD frequency is not statistically appropriate. To
assess for the impact of acute GVHD, multivariable models that
incorporate acute GVHD prior to infection or without acute
GVHD were performed. The results were similar for outcomes
of OS, DFS, NRM, and relapse. Therefore, in order to focus on
the infection impact, the final model does not include acute
GVHD as a time-dependent covariate.

Reported rates for primary cause of death due to GVHD or
infection were similar between patients with VRE BSI and non-
VRE BSI. In contrast, organ failure was the cause of death in
26% and 16% of patients with VRE BSI and non-VRE BSI, re-
spectively. No data were collected regarding the type or causes
of organ failure that led to death. VRE sepsis and/or preexisting
comorbidities in patients with VRE BSI may partially account
for the higher proportion of deaths due to organ failure among
VRE patients. Disruption of normal microbiota by antibiotics
in the context of VRE colonization is postulated to lead to in-
testinal domination of VRE and subsequent VRE BSI during

P<0.001
1 - Without BSI
801 .
M\
2 h AR ~—~ -
2 607 ., Non-VRE BSI ™ — — — _
8 40
o VREBSI ™ =~~v—w____.
20
0% T T T T T T T T T T T
0 2 4 6 8 10 12
Months
Figure 1. Kaplan-Meier estimates of overall survival for patients with VRE BSI

(dotted), non-VRE BSI (dashed), and without BSI (solid) by day 100. Abbreviations:
BSI, bloodstream infection; VRE, vancomycin-resistant Enterococcus.

VRE BSI, Non-VRE BSI, Without BSI,
N (%) N (%) N (%)
192 (74) 1063 (44) 1519 (34)
47 (24) 440 (41) 807 (53)
49 (26) 166 (16) 223 (15)
29 (15) 195 (18) 182 (12)
28 (15) 125 (12) 145 (10)
19 (10) 48 (5) 65 (4)
8 (4) 27 (3) 26 (2)
5(@3) 19 (2) 22 (1)
5(3) 23 (2) 21 (1)
2(1) 12 (1) 18 (1)
0 8 (<1) 10 (<1)
Adjusted RR
(99% C1I)
VRE BSI - — 2.9 (2.2-3.7)
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Figure 2. Multivariate analysis of risk factors for overall survival. x-axis,
adjusted relative risk; dots, adjusted relative risk; whiskers, 99% confidence inter-
vals. Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelogenous
leukemia; BSI, bloodstream infection; Cl, confidence interval; CMV, cytomegalo-
virus; CORD, cord blood allograft; HCT, hematopoietic cell transplantation; HLA,
human leucocyte antigen; KPS, Karnofsky performance scale; MDS, myelodysplas-
tic syndrome; RR, risk ratio; VRE, vancomycin-resistant Enterococcus.

neutropenia [10]. Thus, VRE BSI may be a surrogate marker of
microbial dysbiosis that has been associated with poor trans-
plant outcomes [12, 27].

Our multivariate models demonstrated a center effect. In de-
signing the study, consideration for potential center reporting
bias occurred such that patients coming from centers that re-
ported 0 or 100% of their patients with CoNS BSI and centers
that reported 100% of their patients having BSI were excluded.
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Figure 3. Cumulative incidence of nonrelapse mortality for patients with VRE
BSI (dotted), non-VRE BSI (dashed), and without BSI (solid) by day 100. Abbreviations:
BSI, bloodstream infection; VRE, vancomycin-resistant Enterococcus.

Furthermore, the analysis included the test for center effect,
and the results reported are adjusted accordingly. However, the
presence of this center effect highlights the need for large multi-
center database evaluations of VRE BSI, as well as single-center
case-control cohort analyses with detailed matching schemata
that are not possible using large registry databases. Recently de-
veloped integrative scoring models predict the risk of VRE BSI
post HCT [12]. Given the strong negative association of VRE
with survival, factoring the risk of VRE BSI in addition to other
variables may more accurately predict risk of mortality fol-
lowing allogeneic transplantation. Further studies to examine
this are warranted.
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Figure 4. Multivariate analysis of risk factors for nonrelapse mortality. x-axis,
adjusted relative risk; dots, adjusted relative risk; whiskers, 99% confidence inter-
vals. Abbreviations: BSI, bloodstream infection; Cl, confidence interval; CMV, cy-
tomegalovirus; HCT, hematopoietic cell transplantation; HLA, human leucocyte
antigen; KPS, Karnofsky performance scale; MDS, myelodysplastic syndrome; RR,
risk ratio; UCB, umbilical cord blood; VRE, vancomycin-resistant Enterococcus.
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Figure 5. Impact of vancomycin-resistant Enterococcus bloodstream infection
(VRE BSI) on OS, NRM, and DFS compared with non-VRE BSI, adjusted for covari-
ates. x-axis, adjusted relative risk; dots, adjusted relative risk; whiskers, 99% con-
fidence intervals. Abbreviations: Cl, confidence interval; DFS, disease-free survival;
NRM, nonrelapse mortality; OS, overall survival; RR, risk ratio.

The strengths of our study include a multicenter, large, and
diverse population and detailed and uniform data collection
post HCT. Adjustment for the center effect corrects for cen-
ter-specific practices. The limitations of our study are expected
in a transplant-focused rather than infection-focused database.
First, there are no data on antibiotic exposure, including in-
fection prophylaxis and treatment data. During the study pe-
riod, the National Comprehensive Cancer Network guidelines
endorsed fluoroquinolone-based prophylaxis [28, 29]. The
choice of antibiotics for empiric treatment of fever and neutro-
penia or treatment of specific BSI may vary across centers. An
association between exposure to antibiotics with anaerobic ac-
tivity and subsequent VRE BSI or death has been recognized [30,
31]. Second, the status of VRE colonization is unknown. VRE
colonization is a strong predictor for VRE BSI and a surrogate
marker of loss of microbial diversity [10]. Finally, the CIBMTR
does not capture severity of mucosal injury. The lack of all of
these data preclude a meaningful assessment of risk factors for
VRE BSI. Furthermore, our study was not designed to assess any
causality between VRE BSI and survival. Despite these limita-
tions, our study includes more than 7000 patients who received
transplants during 2008-2012, allowing important assessment
of the clear negative impact of VRE BSI on survival. Despite a
better understanding of the pathophysiology of VRE BSI, clin-
ical practice regarding VRE has not substantially changed [1];
thus, our findings remain clinically relevant. Future studies are
encouraged as broader changes in HCT practices may alter VRE
BSI risks and outcomes due to this complication.

In summary, early VRE BSI was an independent predictor of
OS and NRM at 1 year post HCT. Given NRM of 51% among
patients with VRE BSI, our study provides a strong impetus
for well-designed interventional studies to modify factors that
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contribute to this life-threatening complication and potentially
improve survival.
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Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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