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Human herpesvirus type 6 (HHV6) reactivation after haploidentical hematopoietic cell
transplantation (HCT) with post-transplant cyclophosphamide (PT-Cy) has been scarcely
studied, especially when antithymocyte globulin (ATG) is added to the graft-versus-host
disease (GvHD) prophylaxis. We conducted a retrospective cohort study in 100
consecutive patients receiving haploidentical HCT with PT-Cy. We systematically
monitored HHV6 DNA loads in blood samples on a weekly basis using quantitative PCR
until day +100. The 100-day cumulative incidence of HHV6 reactivation was 54%.
Clinically significant HHV6 infections were rare (7%), associated with higher HHV6 DNA
loads, and had favorable outcomes after antiviral therapy. The main risk factor for HHV6
reactivation was a low absolute lymphocyte count (ALC) < 290/uL on day +30 (68% versus
40%, p = 0.003). Adding ATG to PT-Cy did not increase the incidence of HHV6
reactivation (52% with ATG versus 79% without ATG, p = 0.12). Patients experiencing
HHV6 reactivation demonstrated delayed platelet recovery (HR 1.81, 95% CI 1.07-3.05, p
=0.026), higher risk of acute grade II-IV GvHD (39% versus 9%, p < 0.001) but similar
overall survival and non-relapse mortality to the other patients. In conclusion, our
findings endorse the safety of combining ATG and PT-Cy in terms of the risk of HHV6
reactivation and infection in patients undergoing haploidentical HCT. Patients with a low
ALC on day +30 face a higher risk of HHV6 reactivation and may require careful
monitoring.

INTRODUCTION infects CD4+ T-cells, it can also establish a persistent in-
fection in various other cell types, including mononuclear

Human herpesvirus type 6 (HHV6) is a common virus, with cells, s.alivary glands, brain tissue, }ymph nodes, and en-
a seroprevalence of around 95% in the general population. dothelial cells. In rare cases, the virus is also capable of
Two variants of the virus, type A and type B, have been chromosomal integration, which is a unique mechanism of

identified, which exhibit distinct biological characteristics Viral latency, a phenomenon observed in approximately 1%

. 3 . .
and are associated with different diseases. Infection typ- ©f the population.” HHV6, particularly variant B, can re-

ically occurs in early childhood.l:? While HHV6 primarily activate and cause opportunistic diseases in patients un-
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der immunosuppressive treatment. In the context of al-
logeneic hematopoietic cell transplantation (HCT), HHV6
reactivation arises in 47% to 72% of patients, posing a sig-
nificant risk of morbidity and mortality.>9 In particular,
HHV6 stands as the foremost cause for viral encephalitis in
this population.10:11

Previous studies have evaluated risk factors and subse-
quent effects of HHV6 reactivation in HCT recipients, es-
pecially in umbilical cord blood transplant (UCBT), where
HHV6 reactivation can reach an incidence of 80% to 97%,
due to the naive status of infused T-cells and delayed
hematopoietic and immune reconstitution.1213 However,
data on HHV6 reactivation after haploidentical (HAPLO)
HCT are limited, especially in the case of high-dose post-
transplant cyclophosphamide (PT-Cy) administration.14-18
Furthermore, most studies have involved small series and
did not include rabbit antithymocyte globulin (ATG) as part
of the graft-versus-host disease (GvHD) prophylaxis. In-
deed, combining PT-Cy with ATG has recently emerged as
a promising strategy to further reduce the risk of GvHD
in HAPLO HCT with a peripheral blood stem cell (PBSC)
graft.19-23 Retrospective studies suggest that this combina-
tion may result in a lower incidence of chronic GvHD with-
out increasing the risks of relapse, when compared to PT-Cy
without ATG. However, there are concerns that adding ATG
might increase the risk of viral reactivations, especially cy-
tomegalovirus (CMV), or lead to an increase in Epstein-Barr
virus (EBV) viral loads.24 To date, no study has specifically
assessed the impact of adding ATG to PT-Cy on HHV®6 re-
activation. Therefore, we aimed to evaluate the cumulative
incidence and the risk factors of HHV6 reactivation, as well
as its impact on clinical outcomes in a HAPLO setting when
PT-Cy is combined with low-dose ATG.

MATERIALS AND METHODS

STUDY POPULATION AND TRANSPLANTATION
MODALITIES

This is a retrospective study evaluating all consecutive
adult patients who underwent HAPLO HCT with PT-Cy at
Saint-Antoine Hospital in Paris, France, between January
2013 and December 2017. HHV6 monitoring was conducted
systematically during this period at our center. All patients
who proceeded to transplantation provided written in-
formed consent for the use of their data in clinical research,
in accordance with the modified guidelines of the Declara-
tion of Helsinki and the local institutional review board.

CONDITIONING REGIMENS, GVHD PROPHYLAXIS, AND
TRANSPLANTATION MODALITIES

The majority of patients received a conditioning regimen
including thiotepa, as previously published.2526 A total
busulfan dose of 9.6 mg/kg was considered as myeloablative
conditioning (MAC). Sequential conditioning consisted of a
short course of intensive chemotherapy followed by a re-
duced intensity conditioning (RIC) regimen. Other condi-
tioning regimens were considered as RIC. Stem cell sources
included PBSC or bone marrow (BM).

GvHD prophylaxis consisted of cyclosporine A, my-
cophenolate mofetil (MMF), and PT-Cy for all patients. Cy-
closporine A was initiated at a dose of 3 mg/kg/day and
gradually tapered, starting from days +60 to +90 (depending
on disease risk and GvHD history), while MMF was given at
a dose of 30 mg/kg/day until day +35. Patients could receive
rabbit ATG (Thymoglobulin, Sanofi, Paris, France) at a dose
of 2.5 mg/kg/day on day -2 (in MAC or RIC) or on days -3
and -2 (mostly in sequential conditioning). High-dose PT-
Cy was administered at a dose of 50 mg/kg/day on days +3
and +5 in PBSC recipients. BM recipients were scheduled to
receive a single PT-Cy dose of 50 mg/kg on day +3.

Infection prophylaxis consisted of amoxicillin, trimetho-
prim-sulfamethoxazole (or atovaquone), and valacyclovir
(or acyclovir). Patients were systematically monitored for
CMYV and aspergillosis twice a week, and for HHV6, EBV, BK
virus, and Toxoplasma gondii once a week until at least day
+100, as previously reported.17,27,28

DETECTION OF HHV6

Blood samples from patients were collected and subjected
to HHV6 real-time polymerase chain reaction (PCR) weekly
during the first 100 days after HAPLO HCT. After day +100,
the frequency of blood collections depended on the pa-
tient’s clinical status, biological signs, and previous HHV6
PCR results. In the event of HHV6 reactivation, HHV6 DNA
loads were monitored until they became lower than 500 in-
ternational units (IU) per mL, as recommended.2® HHV6
PCR was systematically performed on gut biopsies in case
of colitis and/or suspicion of GvHD. Using the automatized
Qiagen (Les Ulis, France) platform, a commercially avail-
able real-time PCR kit (Altona Real-Star HHV6 PCR Kit,
Jouay-les-Tours, France) was used to simultaneously de-
tect, discriminate, and quantify the 2 HHV6 subtypes (A
and B). The test uses two standard curves generated with
four quantitation standards containing 500,000, 50,000,
5,000, and 500 IU of viral DNA per reaction, respectively.
DNA was extracted automatically from 200 pL of EDTA-
treated whole blood on the Qiasymphony SP automat, us-
ing the Qiasymphony DSP DNA Mini Kit (Qiagen). Results
are expressed as HHV6 IU/mL of whole blood, with a sensi-
tivity threshold of 50 IU/mL and a quantitation threshold of
500 IU/mL. CMV DNA quantitation was systematically per-
formed in parallel, using the Artus CMV QS-RGQ kit (Qia-
gen), on the same real-time PCR platform.

DEFINITIONS AND STATISTICAL ANALYSIS

HHV6 reactivation was defined as the detection of at least
500 IU/mL HHV6 DNA in peripheral blood in two consecu-
tive samples. According to the European Conference on In-
fections in Leukaemia (ECIL) guidelines,2? a clinically sig-
nificant HHV6 infection was defined as the presence of
HHV6-related end-organ disease (such as encephalitis,
pneumonitis, hepatitis, and myelosuppression/allograft
failure) or colitis (when biopsy-proven detection of HHV6
DNA was present), in cases where no other causes could
explain the symptoms. CMV reactivation was defined as
the detection of at least 1,000 IU/mL CMV DNA on pe-
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ripheral blood in two consecutive samples, which system-
atically led to preemptive antiviral therapy. Neutrophil en-
graftment was defined as an absolute neutrophil count >
0.5 x 109/L for three consecutive days (the first of which
was considered the engraftment day) and platelet engraft-
ment as a platelet count > 50 x 109/L for seven consecutive
days (the first of which was considered engraftment day).30
Disease type and disease status at the time of transplanta-
tion were classified according to disease risk index (DRI).31
Overall survival (OS) was defined as time from HCT until
death from any cause, disease free survival (DFS) as the
probability of being alive and free of disease at any point in
time, relapse incidence (RI) as the time from HCT to relapse
of the underlying disease, and non-relapse mortality (NRM)
as the time from HCT to death without relapse. GvHD was
diagnosed and graded according to standard criteria.32-34
Patients’ characteristics were compared using the Mann-
Whitney test for continuous variables, and the chi-squared
or Fisher’s exact test for categorical variables. Absolute
lymphocyte counts (ALC) were compared at days +30, +
100, and +180 after HAPLO HCT according to HHV6 reac-
tivation using the Wilcoxon-Mann-Whitney test. Cumula-
tive incidence was used to estimate the occurrence rates
of various endpoints, including HHV6 and CMV reactiva-
tions, neutrophil and platelet engraftment, GVHD, relapse,
and NRM, to accommodate competing risks. The competing
events considered were relapse and death for GVHD, relapse
for NRM, and death for infectious complications. Probabili-
ties of OS and DFS were calculated using the Kaplan-Meier
method. Univariate analyses were performed using Gray’s
test for cumulative incidence functions and the log-rank
test to compare survival. Variables with a p value < 0.10
were introduced into a multivariate model. Multivariate
analyses were performed using Cox’s proportional-hazards
regression model for DFS and OS, and Fine and Gray’s pro-
portional-hazards regression model for GvHD, NRM, and
RI. On multivariate analysis, the impact of HHV6 reacti-
vation was studied as a time-dependent variable. P values
were two-sided, and differences were considered to be sig-
nificant when the p value was < 0.05. The confidence in-
terval (CI) was set at 95%. Analyses were performed with
SPSS 20 (IBM SPSS Statistics for Windows, Version 20.0.
IBM Corp, Armonk, NY) and R 3.5.0 (R Foundation for Sta-
tistical Computing, Vienna, Austria) software packages.

RESULTS
PATIENT CHARACTERISTICS AND HHV6 REACTIVATION

Patient and disease characteristics are summarized in Table
1. Overall, 1,679 HHV6 PCR tests were performed on blood
samples, with a median of 13 HHV6 tests per patient
(range, 2-72). HHV6 reactivation, primarily variant B, oc-
curred in 56% of the patients, with a median onset time of
20 days (range, 8-122) after HAPLO HCT (Figure 1). The cu-
mulative incidence of HHV6 reactivation at days +30, +60,
+100, and +180 after HCT was 48%, 52%, 54%, and 56%, re-
spectively. The median highest HHV6 DNA load was 6,797
IU/mL (range, 524-1,658,173). Among the group of patients
with positive HHV6 PCR results, the majority (49 out of

56, 88%) showed no evidence of HHV6-related disease, al-
though mild symptoms such as fever or rash could occur.
Seven patients were considered to have clinically signifi-
cant HHV6 infection, presenting with HHV6-related end-
organ disease, including colitis (n=3), encephalitis (n=2),
hepatitis (n=1), and myelosuppression with secondary graft
failure (n=1). One of the patients with encephalitis also
had a concurrent pneumonitis. In cases of clinically signif-
icant HHV6 infection, the median highest HHV6 DNA load
was 468,447 IU/mL (range, 10,400-1,658,173) compared to
6,135 IU/mL (range, 524-505,945) IU/mL in patients with no
signs of infection (p < 0.001). We did not observe any cases
of chromosomal integration of HHV6.

RISK FACTORS FOR HHV6 REACTIVATION

At day +30, the median ALC was 290/uL (0-670). Patients
with an ALC < 290/uL at day +30 had a higher cumulative
incidence of HHV6 reactivation than those with an ALC >
290/uL (63% versus 35%, respectively, p = 0.003) (Figure 2).
The use of ATG had no significant impact on HHV6 reacti-
vation (52% with ATG versus 79% without ATG, p = 0.12).
No other factors such as age, gender, underlying disease,
CMV serological status, number of previous treatments,
conditioning regimen, or stem cell source were associated
with the incidence of HHV6 reactivation.

IMPACT ON HEMATOLOGICAL ENGRAFTMENT AND T-
CELL RECONSTITUTION

At day +30, the cumulative incidence of neutrophil engraft-
ment was 94% (95% CI 88-99). Three patients failed to
achieve it. The median time to neutrophil engraftment was
17 days (range, 5-88), and there was no difference accord-
ing to HHV6 reactivation. Multivariate analysis showed no
association between HHV6 reactivation and the cumulative
incidence of neutrophil engraftment at day +30 (Table 2).
At day +180, the cumulative incidence of platelet engraft-
ment > 50 x 109/L was 77% (95% CI 92-100). The median
time to platelet engraftment was 33 days (range, 11-373)
in cases of HHV6 reactivation and 27 days (range, 13-167)
in the absence of HHV6 reactivation. Patients who expe-
rienced HHV6 reactivation had a poorer platelet recovery
(hazard ratio [HR] 1.81, 95% CI 1.07-3.05, p=0.026) (Table
2). Finally, HHV6 reactivation was not significantly associ-
ated with the kinetics of lymphocyte reconstitution (Figure

3).
CMV REACTIVATION

CMV reactivation was observed in 53% of the patients, with
a median time of 28 days (range, 3-168) after HCT. The cu-
mulative incidence of CMV reactivation at days +30, +60,
+100, and +180 was 29%, 51%, 52%, and 53%, respectively.
Co-occurrence of CMV and HHV6 reactivations was ob-
served in 32% of patients (57% of patients with HHV6 reac-
tivation). In only five patients, CMV reactivation preceded
HHV6 reactivation. However, a history of HHV6 reactiva-
tion was not correlated with a higher incidence of CMV re-
activation (p = 0.59). The median time of CMV reactiva-
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Table 1. Patient and transplant characteristics

Characteristics HHVé reactivation No HHVé6 reactivation p-value
n (%) n (%)

Patient age (years)
<51 31(55) 19(43) 0.22
>51 25 (45) 25(57)

Gender
Male 38(68) 23(52) 0.11
Female 18(32) 21(48)

Disease
Acute myeloid leukemia 29(52) 21(48)
Acute lymphoblastic leukemia 6(11) 7 (16) 038
MDS/MPN 10(18) 6(14)
Lymphoma 8(14) 10(23)
Multiple myeloma 3(5) 0(0)

Disease status
Complete remission 25 (45) 21(48) 0.76
No complete remission 31(55) 23(52)

Disease risk index
Low - Intermediate 42 (75) 25(57) 0.05
High - Very High 14 (25) 19(43)

Number of previous treatment lines
0-1 26 (46) 22(50) 0.72
>2 30(54) 22(50)

Previous transplantation
No 37 (66) 35(80)
Autologous 10(18) 4(9) 031
Allogeneic 9(16) 5(11)

Conditioning regimen
Myeloablative 17 (30) 10(23) 07
Reduced intensity 16 (29) 14 (32)
Sequential 23(41) 20(45)

Stem cell source
Bone marrow 16 (29) 8(18) 0.23
Peripheral blood 40(71) 36(82)

Patient CMV serostatus
Negative 17 (30) 17(39) 0.39
Positive 39(70) 27 (61)

PT-Cy total dose
50 mg/kg 16 (29) 13(30) 0.92
100 mg/kg 40(71) 31(70)

Antithymocyte globulin
Yes 45 (80) 41(93) 0.12
No 11(20) 3(7)

Abbreviations: HHV6: human herpesvirus type 6, MDS: myelodysplastic syndrome, MPN: myeloproliferative neoplasm, CMV: cytomegalovirus, PT-Cy: post-transplant cyclophos-
phamide.

tion occurrence did not significantly differ between patients
who experienced HHV6 reactivation and those who did not.
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Figure 1. Cumulative incidence of HHV6 reactivation after haploidentical hematopoietic cell transplantation
with post-transplant cyclophosphamide (at day +30: 48%, at day +100: 54%).
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Figure 2. Cumulative incidence of HHV6 reactivation according to the median absolute lymphocyte count (ALC)
at day +30 after haploidentical hematopoietic cell transplantation with post-transplant cyclophosphamide (black
continuous line: ALC < 290/uL, dashed line ALC > 290/uL). The cumulative incidence of HHV6 reactivation at day
+30 was 63% versus 35% (p = 0.003) and, at day + 100, 68% versus 40% (p = 0.003).

IMPACT OF ANTIVIRAL TREATMENT ON HHV6
REACTIVATION

Antiviral therapies, including foscarnet, ganciclovir, or cid-
ofovir, were administered to a total of 59 patients, with 37
out of 56 (66%) having HHV6 reactivation. It is important
to note that in most patients (31 out of 37), the initiation of
antiviral therapy was prompted by concomitant CMV reac-
tivation. Additionally, six patients received antiviral ther-
apy specifically for clinically significant HHV6 infection,
such as colitis (n=3), encephalitis (n=2), and hepatitis (n=1).
All of these patients had a favorable outcome after under-
going antiviral therapy.

GRAFT-VERSUS-HOST DISEASE

The cumulative incidence of acute grade II-IV GvHD at day
+100 was 26% (95% CI 19-37). In univariate analysis, pa-

tients who experienced HHV6 reactivation had a higher cu-
mulative incidence of grade II-IV acute GvHD compared to
those who did not (39% versus 9%, p < 0.001) (Figure 4,
Supplementary Table S1). HHV6 reactivation was more fre-
quently observed in patients who experienced acute grade
III-IV GvHD, with 12 out of 13 having HHV6 reactivation (p
= 0.005). There was an association between a higher HHV6
DNA load and the development of acute grade II-IV GvHD
(p = 0.02). However, when HHV6 was analyzed as a time-
dependent covariate on multivariate analysis, the associa-
tion did not reach statistical significance (HR 2.29, 95% CI
0.99-5.27; p=0.05). No association was observed between
HHV6 reactivation and the cumulative incidence of chronic
GvHD at 1 year (36% in cases of HHV6 reactivation versus
27%, p=0.36).
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Table 2. Multivariate analysis of risk factors for HHV6 reactivation

Cumulative incidence of neutrophil engraftment HR 95% Cl p value
HHV6 reactivation® (yes versus no) 1.08 0.60-1.94 0.805
DRI (very high-high versus intermediate-low) 1 0.60-1.56 0.997
Number of previous treatment lines (= 2 versus 0-1) 1.11 0.76-1.68 0.631
Patient CMV serostatus (positive versus negative) 0.78 0.51-1.20 0.262
Cumulative incidence of platelet engraftment
HHVé reactivation* (yes versus no) 1.81 1.07-3.05 0.026
DRI (very high-high versus intermediate-low) 1.68 1.02-2.78 0.043
Number of previous treatment lines (> 2 versus 0-1) 0.93 0.59-1.44 0.737
Patient CMV serostatus (positive versus negative) 0.88 0.56-1.44 0.600
Acute grade lI-IV GvHD
HHV6 reactivation™ (yes versus no) 2.29 0.99-5.27 0.052
DRI (very high-high versus intermediate-low) 1.56 0.69-3.51 0.286
Number of previous treatment lines (> 2 versus 0-1) 1.04 0.49-2.22 0.922
Patient CMV serostatus (positive versus negative) 0.95 0.42-2.13 0.891
Relapse incidence
HHV6 reactivation™ (yes versus no) 1.44 0.14-14-5 0.759
DRI (very high-high versus intermediate-low) 3.23 1.53-6.79 0.002
Number of previous treatment lines (> 2 versus 0-1) 1.66 0.77-3.57 0.195
Patient CMV serostatus (positive versus negative) 1.44 0.67-3.13 0.354
Non-relapse mortality
HHV6 reactivation* (yes versus no) 1.45 0.09-22.5 0.792
DRI (very high-high versus intermediate-low) 1.72 0.77-3.86 0.188
Number of previous treatment lines (2 2 versus 0-1) 1.65 0.75-3.63 0.217
Patient CMV serostatus (positive versus negative) 3.13 1.18-8.32 0.022
Disease-free survival
HHV6 reactivation® (yes versus no) 1.52 0.26-8.69 0.641
DRI (very high-high versus intermediate-low) 241 1.40-4.15 0.001
Number of previous treatment lines (> 2 versus 0-1) 1.64 0.95-2.84 0.079
Patient CMV serostatus (positive versus negative) 2 1.10-3.63 0.02
Overall survival
HHV6 PCR (positive versus negative) 0.69 0.13-3.66 0.665
DRI (very high-high versus intermediate-low) 2.09 1.16-3.76 0.014
Number of previous treatment lines (= 2 versus 0-1) 1.81 0.99-3.30 0.054
Patient CMV serostatus (positive versus negative) 2.03 1.05-3.93 0.035

Abbreviations: HHV6: human herpesvirus type 6, DRI: disease risk index, CMV: cytomegalovirus, GVHD: graft-versus-host disease, PCR: polymerase chain reaction, HR: hazard ratio.

*HHV6 reactivation was included as a time-dependent risk factor.

OS, DFS, RELAPSE, AND NRM

After a median follow-up of 36 months (range, 11-76), 48
patients had died. The causes of death included relapse of
the underlying hematologic disease (48%), infection (31%),
GVHD (10%), hepatic veno-occlusive disease (7%), and mis-
cellaneous (4%). The cumulative incidence of NRM was 12%
(95% CI 7-21) at day + 100 and 27% (95% CI 20-38) at 3
years. RI was 29% (95% CI 21-40), OS 51% (95% CI 41-61%),
and DFS 44% (95% CI 34-54) at 3 years. On multivariate
analysis (Table 2), a high or very-high DRI was associated
with a higher risk of relapse (HR 3.23, 95% CI 1.53-6.79, p =

0.002), lower OS (HR 2.09, 95% CI 1.16-3.76, p = 0.014), and
lower DFS (HR 2.41, 95% CI 1.40-4.15, p = 0.001). A positive
CMYV serostatus was associated with an increased NRM (HR
3.13, 95% CI 1.18-8.32, p = 0.02), lower OS (HR 2.03, 95%
CI 1.05-3.92, p = 0.035), and lower DFS (HR 2.00, 95% CI
1.10-3.63, p=0.02). HHV6 reactivation was not significantly
associated with RI, NRM, OS, and DFS (Table 2 and Supple-
mentary Table S1).
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Figure 3. Lymphocyte reconstitution according to
HHV6 reactivation at days +30, +90, and +180 after
haploidentical hematopoietic cell transplantation with
post-transplant cyclophosphamide (grid pattern boxes:
HHV6 reactivation, white boxes: no HHV6
reactivation).

DISCUSSION

This is one of the largest studies reporting HHV6 reactiva-
tion in adult patients undergoing unmanipulated T-cell re-
plete HAPLO HCT with PT-Cy. It is also the first study to as-
sess the incidence, risk factors, and consequences of HHV6
reactivation when pre-transplant low-dose rabbit ATG is
added to PT-Cy. Our findings confirm that HHV6 reactiva-
tion (mainly variant B) is common in a HAPLO setting with
PT-Cy, with a cumulative incidence of 54%. Notably, this in-

cidence is similar to what has been reported with matched
related or unrelated donors, and lower than the incidence
with UCBT or ex vivo T-cell depleted HAPLO HCT. Impor-
tantly, the addition of ATG to PT-Cy did not increase the
risk of HHV6 reactivation. A key strength of our study is
the systematic weekly monitory of HHV6 DNA in blood, a
practice which was only implemented in one other study in-
volving HAPLO HCT with PT-Cy.18 In the latter, HHV6 reac-
tivation occurred in 112 out of 145 (77%) patients undergo-
ing HAPLO HCT with PT-Cy but without ATG.!18 In contrast
to our study, other reports evaluating HHV®6 in this setting
have primarily focused on symptomatic reactivations.l4-16
The lack of systematic monitoring in those studies may un-
derestimate the true incidence of HHV6 reactivation, espe-
cially in cases where symptoms were either absent or mild.
Regarding clinically significant HHV6 infections, our study
demonstrates a low incidence (7%), whereas one study on
HAPLO HCT with PT-Cy reported a rate of 16%,!8 and an-
other analysis of PT-Cy with non-HAPLO donors reported
a rate of 24%.35 Taken together, our findings suggest the
combination of ATG and PT-Cy does not present a higher
risk of HHV6 reactivation or clinically significant HHV6 in-
fections compared to PT-Cy without ATG in the HAPLO
HCT setting.

Lymphocyte reconstitution is known to be delayed fol-
lowing PT-Cy in HAPLO HCT, and a delay in lymphocyte
reconstitution has been associated with a higher incidence
of viral reactivations and related diseases, particularly
CMV.3637 Combining ATG with PT-Cy can induce a signif-
icant reduction in early gamma-delta (y8) T-cell prolifera-
tion, and is associated with a higher risk of increase in EBV
viral loads.3® However, the impact of such a delayed lym-
phocyte reconstitution on HHV6 reactivation has scarcely
been studied. Two previous studies have reported a protec-
tive effect of higher lymphocyte counts (CD3+ lymphocytes
> 200/uL) against HHV6 reactivation.3539 Consistent with
these results, our analysis revealed that patients with a low
ALC on day +30 (< 290/pL) had a higher incidence of HHV6
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Figure 4. Cumulative incidence of acute grade II-IV GvHD according to HHV6 reactivation within 100 days after
haploidentical hematopoietic cell transplantation with post-transplant cyclophosphamide (dashed line: HHV6
reactivation, continuous line: no HHV6 reactivation). The cumulative incidence of acute grade II-IV GVvHD at day

+100 was 39% versus 9% (p < 0.001).
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reactivation. This finding may serve as a valuable tool to
help clinicians identify patients at higher risk of HHV6 re-
activation, for whom a closer monitoring of HHV6 by PCR
might be considered. The low incidence of clinically signifi-
cant HHV6 infection, the favorable outcome of these infec-
tions, and the absence of significant impact of HHV6 reac-
tivation on survival outcomes in our study do not warrant
the routine weekly monitoring of HHV6 in all patients un-
dergoing HAPLO HCT, even when ATG is added to the GvHD
prophylaxis. In accordance with the ECIL guidelines,2?
HHV6 PCR is recommended for the diagnosis of infection.
Routine screening and repeated HHV6 PCR may be per-
formed in high-risk patients, such as those with low ALC.
Interestingly, HHV6 reactivation in our study was not asso-
ciated with an increased risk of CMV reactivation, in con-
trast to findings from other studies in non-HAPLO HCT
settings.>840-42 The cumulative incidence (53%) was not
higher than that reported by others on HAPLO HCT without
ATG or allogeneic HCT with non-HAPLO donors during
the pre-letermovir era.43-45 These results confirm that low-
dose (< 5 mg/kg) pre-transplant ATG can be safely added to
PT-Cy in HAPLO PBSC transplantation, with respect to the
risk of viral infections.

The precise impact of HHV6 reactivation on morbidity,
quality of life, and mortality after HCT remains unclear.
While some studies have reported an increased post-trans-
plant mortality associated with HHV6 reactivation,12:41:42
others have found no detrimental effect on NRM.8:3539 We
did not observe any significant impact of HHV6 reactivation
on RI, NRM, OS, or DFS. Additionally, the correlation be-
tween HHV6 DNA loads and clinical outcomes has yielded
conflicting results. While higher HHV6 DNA loads have
been associated with development of encephalitis, ¢ other
authors have found no correlation with clinical signs,*’
prediction of CMV reactivation,!® or patient outcomes such
as 08.8:35.39 Interestingly, in our cohort, HHV6 DNA loads
were higher in the case of clinically significant HHV6 infec-
tions (always above 10,000 IU/mL, with a median of 468,447
IU/mL). However, the level of HHV6 DNA loads was not as-
sociated with patient outcomes in terms of RI and NRM.

Our study provides deeper insights into the benefit of
treating HHV®6 reactivation with antiviral therapies. While
ganciclovir, foscarnet, and cidofovir have demonstrated in-
hibitory effects on HHV6 replication in vitro, there are in-
sufficient data to guide curative treatment approaches for
HHV6 reactivation and clinically significant HHV6 infec-
tion, with the exception of HHV6 encephalitis.2? Although
prophylactic or preemptive treatment approaches for HHV6
reactivation are not recommended in HCT recipients, the
curative use of ganciclovir or foscarnet is probably useful in
HHV6-related disease, especially in the case of encephali-
tis.2946 In our study, a majority of patients (66%) with
HHV6 reactivation received antiviral therapy, primarily due
to concomitant CMV reactivation. This high proportion of
patients receiving antiviral therapy might have contributed
to the low incidence of clinically significant HHV6 infec-
tions. Although patients with clinically significant HHV6
infection had favorable outcomes after antiviral therapy,
our study was not designed to assess the efficacy of curative

antiviral approaches. It remains unknown how sympto-
matic patients, especially those with HHV6-related colitis
or hepatitis, would have fared without any antiviral ther-
apy. A prospective, randomized, placebo-controlled trial
would be needed to address this critical question, consid-
ering the substantial toxicities associated with antiviral
agents.

Other findings include a delayed platelet engraftment
and an increased risk of acute GvHD in patients experi-
encing HHV6 reactivation. These are consistent with those
from most previous studies, although the causative role of
HHV6 reactivation as a trigger for acute GvHD remains a
subject of debate.5~9:12,35,59,42,48-50 The main limitations of
our study are related to its retrospective nature, despite the
systematic monitoring of HHV6 with PCR. Our cohort con-
sisted of patients with heterogenous underlying diseases
and conditioning regimens, which may introduce con-
founding factors affecting the incidence of HHV®6 reactiva-
tion and patient outcomes. Immune reconstitution is in-
fluenced not only by donor type (HAPLO or non-HAPLO),
source of hematopoietic cells (PBSC, BM, or UCBT), and
GvHD prophylaxis (PT-Cy, ATG), but also by pre-transplant
factors such as hematologic disease, treatments adminis-
tered, conditioning regimens, and post-transplant factors
including GvHD, infections, status of the gut microbiota,
and the therapies used to manage post-transplant compli-
cations.

In conclusion, HHV6 reactivation is common after
HAPLO HCT with PT-Cy, although the incidence is lower
compared to UCBT or HAPLO HCT with ex-vivo T-cell de-
pleted grafts. Importantly, the incidence of clinically signif-
icant HHV6 infections remained low, even with the addition
of ATG to PT-Cy. The main risk factor for HHV6 reactivation
was a low ALC at day +30 after HCT. While HHV6 reactiva-
tion did not significantly impact survival outcomes, it was
associated with delayed platelet recovery and an increased
incidence of acute GvHD, as described in non-HAPLO HCT.
Overall, our findings show that combining ATG and PT-Cy
in unmanipulated HAPLO PBSC transplantation is a safe
and valid approach that does not increase the risk of HHV6
reactivation or infection.

ACKNOWLEDGMENTS

The authors thank the Association for Training, Education
and Research in Hematology, Immunology and Transplan-
tation for their generous and continuous support.

AUTHORSHIP STATEMENT

AP provided clinical care, recruited patients, performed
statistical analyses, and wrote the manuscript. TM provided
clinical care, collected, assembled, and analyzed data, and
wrote the manuscript. JGM performed biological analyses
and provided virologic expertise and support in the manu-
script writing. FM, EB, AB, ZVW, TL, RB, SS, AC, NS, AB, AV,
OL, and MM provided clinical care and commented on the

Clinical Hematology International 33



Human herpesvirus type 6 reactivation after haploidentical hematopoietic cell transplantation with post-tr...

manuscript. All authors approved the submission of the fi-
nal version of the manuscript for publication purposes.

COMPETING INTERESTS

FM reports lecture honoraria from Therakos/Mallinckrodt,
Sanofi, JAZZ Pharmaceuticals, Gilead, Novartis, and Bristol
Myers Squibb, all outside the submitted work. MM reports
grants and lecture honoraria from Janssen, Sanofi, Maat
Pharma and JAZZ Pharmaceuticals, lecture honoraria from
Celgene, Amgen, BMS, Takeda, and Pfizer, grants from
Roche, all outside the submitted work. RD reports research
funding from Ligue contre le Cancer, Arthur Sachs, Mona-
han Foundation, Servier Foundation, Philippe Foundation,

DCP AP-HP, honoraria from Novartis and Takeda, non-fi-
nancial support from Kite Pharma / Gilead, all outside the
submitted work. The other authors declare no competing fi-
nancial interests.

FUNDING

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit
sectors.

Submitted: September 08, 2023 GMT, Accepted: October 16,
2023 GMT

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Clinical Hematology International 34



Human herpesvirus type 6 reactivation after haploidentical hematopoietic cell transplantation with post-tr...

REFERENCES

1. Komaroff AL, Boeckh M, Eliason E, Phan T, Kaufer
BB. Summary of the 10th International Conference
on Human Herpesviruses-6 and -7 (HHV-6A, -6B, and
HHV-7). ] Med Virol. 2018;90(4):625-630. d0i:10.100

2/jmv.25004

2. Pantry SN, Medveczky PG. Latency, Integration,
and Reactivation of Human Herpesvirus-6. Viruses.
2017;9(7):194. doi:10.3390/v9070194

3. Zhang E, Bell AJ, Wilkie GS, et al. Inherited
Chromosomally Integrated Human Herpesvirus 6
Genomes Are Ancient, Intact, and Potentially Able To
Reactivate from Telomeres. J Virol.
2017;91(22):e01137-1154. doi:10.1128/jvi.01137-17

4. Sedlak RH, Hill JA, Nguyen T, et al. Detection of
Human Herpesvirus 6B (HHV-6B) Reactivation in
Hematopoietic Cell Transplant Recipients with
Inherited Chromosomally Integrated HHV-6A by
Droplet Digital PCR. J Clin Microbiol.
2016;54(5):1223-1227. doi:10.1128/jcm.03275-15

5. Zerr DM, Corey L, Kim HW, Huang ML, Nguy L,
Boeckh M. Clinical outcomes of human herpesvirus 6
reactivation after hematopoietic stem cell
transplantation. Clin Infect Dis. 2005;40(7):932-940. d
0i:10.1086/428060

6. Ogata M, Kikuchi H, Satou T, et al. Human
herpesvirus 6 DNA in plasma after allogeneic stem
cell transplantation: incidence and clinical
significance. J Infect Dis. 2006;193(1):68-79. doi:10.10
86/498531

7. Yamane A, Mori T, Suzuki S, et al. Risk factors for
developing human herpesvirus 6 (HHV-6)
reactivation after allogeneic hematopoietic stem cell
transplantation and its association with central
nervous system disorders. Biol Blood Marrow
Transplant. 2007;13(1):100-106. doi:10.1016/j.bbmt.2
006.09.003

8. Dulery R, Salleron J, Dewilde A, et al. Early human
herpesvirus type 6 reactivation after allogeneic stem
cell transplantation: a large-scale clinical study. Biol
Blood Marrow Transplant. 2012;18(7):1080-1089. do
i:10.1016/j.bbmt.2011.12.579

9. Ogata M, Satou T, Kadota ] ichi, et al. Human
herpesvirus 6 (HHV-6) reactivation and HHV-6
encephalitis after allogeneic hematopoietic cell
transplantation: a multicenter, prospective study.
Clin Infect Dis. 2013;57(5):671-681. doi:10.1093/cid/ci
t358

10. Miyashita N, Endo T, Onozawa M, et al. Risk
factors of human herpesvirus 6 encephalitis/myelitis
after allogeneic hematopoietic stem cell
transplantation. Transpl Infect Dis. 2017;19(3). doi:1

11. Ogata M, Oshima K, Ikebe T, et al. Clinical
characteristics and outcome of human herpesvirus-6
encephalitis after allogeneic hematopoietic stem cell
transplantation. Bone Marrow Transplant.
2017;52(11):1563-1570. doi:10.1038/bmt.2017.175

12. Chevallier P, Hebia-Fellah I, Planche L, et al.
Human herpes virus 6 infection is a hallmark of cord
blood transplant in adults and may participate to
delayed engraftment: a comparison with matched
unrelated donors as stem cell source. Bone Marrow
Transplant. 2010;45(7):1204-1211. doi:10.1038/bmt.2
009.326

13. Illiaquer M, Imbert-Marcille BM, Guillaume T, et
al. Impact of stem cell graft on early viral infections
and immune reconstitution after allogeneic
transplantation in adults. J Clin Virol. 2017;93:30-36.
doi:10.1016/j.jcv.2017.05.019

14. Tischer J, Engel N, Fritsch S, et al. Virus infection
in HLA-haploidentical hematopoietic stem cell
transplantation: incidence in the context of immune
recovery in two different transplantation settings.
Ann Hematol. 2015;94(10):1677-1688. doi:10.1007/s0

0277-015-2423-y

15. Greco R, Crucitti L, Noviello M, et al. Human
Herpesvirus 6 Infection Following Haploidentical
Transplantation: Immune Recovery and Outcome.
Biol Blood Marrow Transplant.
2016;22(12):2250-2255. d0i:10.1016/j.bbmt.2016.09.0
18

16. Crocchiolo R, Giordano L, Rimondo A, et al.
Human Herpesvirus 6 replication predicts
Cytomegalovirus reactivation after allogeneic stem
cell transplantation from haploidentical donor. J Clin
Virol. 2016;84:24-26. doi:10.1016/j.jcv.2016.09.008

17. Mohty R, Brissot E, Battipaglia G, et al. Infectious
complications after post-transplantation
cyclophosphamide and anti-thymocyte globulin-
based haploidentical stem cell transplantation. Br |
Haematol. 2019;187(3):e64-68. doi:10.1111/bjh.16189

18. Oltolini C, Greco R, Galli L, et al. Infections after
Allogenic Transplant with Post-Transplant
Cyclophosphamide: Impact of Donor HLA Matching.
Biol Blood Marrow Transplant. 2020;26(6):1179-1188.
doi:10.1016/j.bbmt.2020.01.013

Clinical Hematology International

35


https://doi.org/10.1002/jmv.25004
https://doi.org/10.1002/jmv.25004
https://doi.org/10.3390/v9070194
https://doi.org/10.1128/jvi.01137-17
https://doi.org/10.1128/jcm.03275-15
https://doi.org/10.1086/428060
https://doi.org/10.1086/428060
https://doi.org/10.1086/498531
https://doi.org/10.1086/498531
https://doi.org/10.1016/j.bbmt.2006.09.003
https://doi.org/10.1016/j.bbmt.2006.09.003
https://doi.org/10.1016/j.bbmt.2011.12.579
https://doi.org/10.1016/j.bbmt.2011.12.579
https://doi.org/10.1093/cid/cit358
https://doi.org/10.1093/cid/cit358
https://doi.org/10.1111/tid.12682
https://doi.org/10.1111/tid.12682
https://doi.org/10.1038/bmt.2017.175
https://doi.org/10.1038/bmt.2009.326
https://doi.org/10.1038/bmt.2009.326
https://doi.org/10.1016/j.jcv.2017.05.019
https://doi.org/10.1007/s00277-015-2423-y
https://doi.org/10.1007/s00277-015-2423-y
https://doi.org/10.1016/j.bbmt.2016.09.018
https://doi.org/10.1016/j.bbmt.2016.09.018
https://doi.org/10.1016/j.jcv.2016.09.008
https://doi.org/10.1111/bjh.16189
https://doi.org/10.1016/j.bbmt.2020.01.013

Human herpesvirus type 6 reactivation after haploidentical hematopoietic cell transplantation with post-tr...

19. Storek J, Mohty M, Boelens J]. Rabbit anti-T cell
globulin in allogeneic hematopoietic cell
transplantation. Biol Blood Marrow Transplant.
2015;21(6):959-970. doi:10.1016/j.bbmt.2014.11.676

20. EI-Cheikh J, Devillier R, Dulery R, et al. Impact of
Adding Antithymocyte Globulin to
Posttransplantation Cyclophosphamide in
Haploidentical Stem-Cell Transplantation. Clin
Lymphoma Myeloma Leuk. 2020;20(9):617-623. doi:1
0.1016/j.clm1.2020.04.003

21. Peric Z, Mohty R, Bastos J, et al. Thiotepa and
antithymocyte globulin-based conditioning prior to
haploidentical transplantation with posttransplant
cyclophosphamide in high-risk hematological
malignancies. Bone Marrow Transplant.
2020;55(4):763-772. d0i:10.1038/s41409-019-0726-7

22. Duléry R, Malard F, Brissot E, et al. Reduced post-
transplant cyclophosphamide dose with
antithymocyte globulin in peripheral blood stem cell
haploidentical transplantation. Bone Marrow
Transplant. 2023;58(11):1215-1222. doi:10.1038/s414
09-023-02085-2

23. Duléry R, Brissot E, Mohty M. Combining post-
transplant cyclophosphamide with antithymocyte
globulin for graft-versus-host disease prophylaxis in
hematological malignancies. Blood Rev.
2023;62:101080. doi:10.1016/j.blre.2023.101080

24. Bonifazi F, Rubio MT, Bacigalupo A, et al. Rabbit
ATG/ATLG in preventing graft-versus-host disease
after allogeneic stem cell transplantation: consensus-
based recommendations by an international expert
panel. Bone Marrow Transplant.
2020;55(6):1093-1102. doi:10.1038/541409-020-079
2-X

25. Duléry R, Bastos J, Paviglianiti A, et al. Thiotepa,
Busulfan, and Fludarabine Conditioning Regimen in
T Cell-Replete HLA-Haploidentical Hematopoietic
Stem Cell Transplantation. Biol Blood Marrow
Transplant. 2019;25(7):1407-1415. doi:10.1016/j.bbm
£.2019.02.025

26. Duléry R, Ménard AL, Chantepie S, et al.
Sequential Conditioning with Thiotepa in T Cell-
Replete Hematopoietic Stem Cell Transplantation for
the Treatment of Refractory Hematologic
Malignancies: Comparison with Matched Related,
Haplo-Mismatched, and Unrelated Donors. Biol Blood
Marrow Transplant. 2018;24(5):1013-1021. doi:10.101
6/j.bbmt.2018.01.005

27. Ruggeri A, Roth-Guepin G, Battipaglia G, et al.
Incidence and risk factors for hemorrhagic cystitis in
unmanipulated haploidentical transplant recipients.
Transpl Infect Dis. 2015;17(6):822-830. doi:10.1111/ti
d.12455

28. Paccoud O, Guitard J, Labopin M, et al. Features
of Toxoplasma gondii reactivation after allogeneic
hematopoietic stem-cell transplantation in a high
seroprevalence setting. Bone Marrow Transplant.
2020;55(1):93-99. doi:10.1038/541409-019-0641-y

29. Ward KN, Hill JA, Hubacek P, et al. Guidelines
from the 2017 European Conference on Infections in
Leukaemia for management of HHV-6 infection in
patients with hematologic malignancies and after
hematopoietic stem cell transplantation.
Haematologica. 2019;104(11):2155-2163. doi:10.3324/
haematol.2019.223073

30. Kanate AS, Nagler A, Savani B. Summary of
Scientific and Statistical Methods, Study Endpoints
and Definitions for Observational and Registry-Based
Studies in Hematopoietic Cell Transplantation. Clin
Hematol Int. 2019;2(1):2-4. doi:10.2991/chi.d.19120
7.001

31. Armand P, Kim HT, Logan BR, et al. Validation
and refinement of the Disease Risk Index for
allogeneic stem cell transplantation. Blood.
2014;123(23):3664-3671. doi:10.1182/blood-2014-0
1-552984

32. Przepiorka D, Weisdorf D, Martin P, Klingemann
HG, Beatty P, Hows ], et al. 1994 Consensus
Conference on Acute GVHD Grading. Bone Marrow
Transplant. 1995;15(6):825-828.

33. Jagasia MH, Greinix HT, Arora M, et al. National
Institutes of Health Consensus Development Project
on Criteria for Clinical Trials in Chronic Graft-versus-
Host Disease: I. The 2014 Diagnosis and Staging
Working Group report. Biol Blood Marrow Transplant.
2015;21(3):389-401.el. doi:10.1016/j.bbmt.2014.12.0
01

34. Kitko CL, Pidala J, Schoemans HM, et al. National
Institutes of Health Consensus Development Project
on Criteria for Clinical Trials in Chronic Graft-versus-
Host Disease: IIa. The 2020 Clinical Implementation
and Early Diagnosis Working Group Report.
Transplant Cell Ther. 2021;27(7):545-557. d0i:10.101
6/j.jtct.2021.03.033

35. Noviello M, Lorentino F, Xue E, et al. Human
herpesvirus 6-specific T-cell immunity in allogeneic
hematopoietic stem cell transplant recipients. Blood
Advances. 2023;7(18):5446-5457. doi:10.1182/bloodad
vances.2022009274

36. Khimani F, Ranspach P, Elmariah H, et al.
Increased Infections and Delayed CD4+ T Cell but
Faster B Cell Immune Reconstitution after Post-
Transplantation Cyclophosphamide Compared to
Conventional GVHD Prophylaxis in Allogeneic
Transplantation. Transplant Cell Ther.
2021;27(11):940-948. doi:10.1016/j.jtct.2021.07.023

Clinical Hematology International

36


https://doi.org/10.1016/j.bbmt.2014.11.676
https://doi.org/10.1016/j.clml.2020.04.003
https://doi.org/10.1016/j.clml.2020.04.003
https://doi.org/10.1038/s41409-019-0726-7
https://doi.org/10.1038/s41409-023-02085-2
https://doi.org/10.1038/s41409-023-02085-2
https://doi.org/10.1016/j.blre.2023.101080
https://doi.org/10.1038/s41409-020-0792-x
https://doi.org/10.1038/s41409-020-0792-x
https://doi.org/10.1016/j.bbmt.2019.02.025
https://doi.org/10.1016/j.bbmt.2019.02.025
https://doi.org/10.1016/j.bbmt.2018.01.005
https://doi.org/10.1016/j.bbmt.2018.01.005
https://doi.org/10.1111/tid.12455
https://doi.org/10.1111/tid.12455
https://doi.org/10.1038/s41409-019-0641-y
https://doi.org/10.3324/haematol.2019.223073
https://doi.org/10.3324/haematol.2019.223073
https://doi.org/10.2991/chi.d.191207.001
https://doi.org/10.2991/chi.d.191207.001
https://doi.org/10.1182/blood-2014-01-552984
https://doi.org/10.1182/blood-2014-01-552984
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.bbmt.2014.12.001
https://doi.org/10.1016/j.jtct.2021.03.033
https://doi.org/10.1016/j.jtct.2021.03.033
https://doi.org/10.1182/bloodadvances.2022009274
https://doi.org/10.1182/bloodadvances.2022009274
https://doi.org/10.1016/j.jtct.2021.07.023

Human herpesvirus type 6 reactivation after haploidentical hematopoietic cell transplantation with post-tr...

37. Singh A, Dandoy CE, Chen M, et al. Post-
Transplantation Cyclophosphamide Is Associated
with an Increase in Non-Cytomegalovirus
Herpesvirus Infections in Patients with Acute
Leukemia and Myelodysplastic Syndrome. Transplant
Cell Ther. 2022;28(1):48.e1-48.e10. doi:10.1016/j.jtc
t.2021.09.015

38. Stocker N, Gaugler B, Labopin M, et al. High-dose
post-transplant cyclophosphamide impairs y& T-cell
reconstitution after haploidentical haematopoietic
stem cell transplantation using low-dose
antithymocyte globulin and peripheral blood stem
cell graft. Clin Transl Immunol. 2020;9(9):e1171. doi:1
0.1002/cti2.1171

39. Greco R, Crucitti L, Noviello M, et al. Human
Herpesvirus 6 Infection Following Haploidentical
Transplantation: Immune Recovery and Outcome.
Biol Blood Marrow Transplant.
2016;22(12):2250-2255. doi:10.1016/j.bbmt.2016.09.0
18

40. Ljungman P, Wang FZ, Clark DA, et al. High levels
of human herpesvirus 6 DNA in peripheral blood
leucocytes are correlated to platelet engraftment and
disease in allogeneic stem cell transplant patients. Br
J Haematol. 2000;111(3):774-781. d0i:10.1111/j.136
5-2141.2000.02422.x

41. Aoki ], Numata A, Yamamoto E, Fujii E, Tanaka M,
Kanamori H. Impact of Human Herpesvirus-6
Reactivation on Outcomes of Allogeneic
Hematopoietic Stem Cell Transplantation. Biol Blood
Marrow Transplant. 2015;21(11):2017-2022. doi:10.10
16/j.bbmt.2015.07.022

42. Zerr DM, Boeckh M, Delaney C, et al. HHV-6
reactivation and associated sequelae after
hematopoietic cell transplantation. Biol Blood Marrow
Transplant. 2012;18(11):1700-1708. doi:10.1016/j.bb
mt.2012.05.012

43. Ljungman P, de la Camara R, Robin C, et al.
Guidelines for the management of cytomegalovirus
infection in patients with haematological
malignancies and after stem cell transplantation
from the 2017 European Conference on Infections in
Leukaemia (ECIL 7). Lancet Infect Dis.
2019;19(8):e260-€272. doi:10.1016/s1473-3099(19)30
107-0

Clinical Hematology International

44. Goldsmith SR, Abid MB, Auletta J], et al.
Posttransplant cyclophosphamide is associated with
increased cytomegalovirus infection: a CIBMTR
analysis. Blood. 2021;137(23):3291-3305. doi:10.118
2/blood.2020009362

45. Marty FM, Ljungman P, Chemaly RF, et al.
Letermovir Prophylaxis for Cytomegalovirus in
Hematopoietic-Cell Transplantation. N Engl ] Med.
2017;377(25):2433-2444. doi:10.1056/nejmoal 706640

46. Ogata M, Satou T, Kadota ] ichi, et al. Human
herpesvirus 6 (HHV-6) reactivation and HHV-6
encephalitis after allogeneic hematopoietic cell
transplantation: a multicenter, prospective study.
Clin Infect Dis. 2013;57(5):671-681. doi:10.1093/cid/ci
t358

47. Jeulin H, Agrinier N, Guery M, et al. Human
herpesvirus 6 infection after allogeneic stem cell
transplantation: incidence, outcome, and factors
associated with HHV-6 reactivation. Transplantation.
2013;95(10):1292-1298. d0i:10.1097/tp.0b013e318289
958b

48. Ogata M, Takano K, Moriuchi Y, et al. Effects of
Prophylactic Foscarnet on Human Herpesvirus-6
Reactivation and Encephalitis in Cord Blood
Transplant Recipients: A Prospective Multicenter
Trial with an Historical Control Group. Biol Blood
Marrow Transplant. 2018;24(6):1264-1273. doi:10.101
6/j.bbmt.2018.02.008

49. Pichereau C, Desseaux K, Janin A, et al. The
complex relationship between human herpesvirus 6
and acute graft-versus-host disease. Biol Blood
Marrow Transplant. 2012;18(1):141-144. doi:10.1016/
j.bbmt.2011.07.018

50. Phan TL, Carlin K, Ljungman P, et al. Human
Herpesvirus-6B Reactivation Is a Risk Factor for
Grades II to IV Acute Graft-versus-Host Disease after
Hematopoietic Stem Cell Transplantation: A
Systematic Review and Meta-Analysis. Biol Blood
Marrow Transplant. 2018;24(11):2324-2336. doi:10.10
16/j.bbmt.2018.04.021

37


https://doi.org/10.1016/j.jtct.2021.09.015
https://doi.org/10.1016/j.jtct.2021.09.015
https://doi.org/10.1002/cti2.1171
https://doi.org/10.1002/cti2.1171
https://doi.org/10.1016/j.bbmt.2016.09.018
https://doi.org/10.1016/j.bbmt.2016.09.018
https://doi.org/10.1111/j.1365-2141.2000.02422.x
https://doi.org/10.1111/j.1365-2141.2000.02422.x
https://doi.org/10.1016/j.bbmt.2015.07.022
https://doi.org/10.1016/j.bbmt.2015.07.022
https://doi.org/10.1016/j.bbmt.2012.05.012
https://doi.org/10.1016/j.bbmt.2012.05.012
https://doi.org/10.1016/s1473-3099(19)30107-0
https://doi.org/10.1016/s1473-3099(19)30107-0
https://doi.org/10.1182/blood.2020009362
https://doi.org/10.1182/blood.2020009362
https://doi.org/10.1056/nejmoa1706640
https://doi.org/10.1093/cid/cit358
https://doi.org/10.1093/cid/cit358
https://doi.org/10.1097/tp.0b013e318289958b
https://doi.org/10.1097/tp.0b013e318289958b
https://doi.org/10.1016/j.bbmt.2018.02.008
https://doi.org/10.1016/j.bbmt.2018.02.008
https://doi.org/10.1016/j.bbmt.2011.07.018
https://doi.org/10.1016/j.bbmt.2011.07.018
https://doi.org/10.1016/j.bbmt.2018.04.021
https://doi.org/10.1016/j.bbmt.2018.04.021

Human herpesvirus type 6 reactivation after haploidentical hematopoietic cell transplantation with post-tr...

SUPPLEMENTARY MATERIALS

Supplementary Material

Download: https://chi.scholasticahg.com/article/22525-human-herpesvirus-type-6-reactivation-after-haploidentical-

193179.docx

Clinical Hematology International 38


https://chi.scholasticahq.com/article/92525-human-herpesvirus-type-6-reactivation-after-haploidentical-hematopoietic-cell-transplantation-with-post-transplant-cyclophosphamide-and-antithymocyte/attachment/193179.docx
https://chi.scholasticahq.com/article/92525-human-herpesvirus-type-6-reactivation-after-haploidentical-hematopoietic-cell-transplantation-with-post-transplant-cyclophosphamide-and-antithymocyte/attachment/193179.docx
https://chi.scholasticahq.com/article/92525-human-herpesvirus-type-6-reactivation-after-haploidentical-hematopoietic-cell-transplantation-with-post-transplant-cyclophosphamide-and-antithymocyte/attachment/193179.docx

	INTRODUCTION
	MATERIALS AND METHODS
	Study Population and Transplantation Modalities
	Conditioning regimens, GvHD prophylaxis, and transplantation modalities
	Detection of HHV6
	Definitions and Statistical Analysis

	RESULTS
	Patient Characteristics and HHV6 reactivation
	Risk Factors for HHV6 Reactivation
	Impact on Hematological Engraftment and T-cell Reconstitution
	CMV Reactivation
	Impact of Antiviral Treatment on HHV6 Reactivation
	Graft-versus-Host Disease
	OS, DFS, Relapse, and NRM

	DISCUSSION
	Acknowledgments
	Authorship statement
	Competing Interests
	Funding

	References
	Supplementary Materials

