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Association between human herpesvirus-6 encephalitis and
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The impact of letermovir (LTV)—an anti-cytomegalovirus (CMV) drug—on human herpesvirus-6 (HHV-6) encephalitis is unclear.
We hypothesized that LTV prophylaxis may increase the incidence of HHV-6 encephalitis by reducing anti-CMV therapies after
allogeneic hematopoietic stem cell transplantation (HSCT). To evaluate the association between HHV-6 encephalitis and antiviral
prophylaxis, 7985 adult patients from a nationwide registry who underwent their first HSCT between January 2019 and December
2021 were analyzed. The incidence of HHV-6 encephalitis on day 100 after HSCT was 3.6%; 11.5% for the broad-spectrum antiviral
group (foscarnet, ganciclovir, or valganciclovir); 2.8% for the LTV group, and 3.8% for the other antiviral group (p < 0.001). These
differences persisted when cord blood transplantation (CBT) was analyzed separately (14.1%, 5.9%, and 7.4%, p < 0.001). In the
multivariate analysis, CBT (hazard ratio [HR]: 2.90), broad-spectrum antiviral prophylaxis (HR: 1.91), and grade II-IV acute graft-
versus-host disease requiring systemic corticosteroids (HR: 2.42) were independent risk factors for encephalitis (all p < 0.001).
The findings of this large modern database study indicate that broad-spectrum antiviral prophylaxis, rather than LTV prophylaxis,
is paradoxically associated with HHV-6 encephalitis in the LTV era. This paradoxical finding needs to be further explored in
future studies.

Bone Marrow Transplantation (2024) 59:1224-1231; https://doi.org/10.1038/s41409-024-02313-3

INTRODUCTION

Human herpesvirus-6 (HHV-6) encephalitis is a rare but fatal
complication of allogeneic hematopoietic stem cell transplantation
(HSCT), with an incidence rate of approximately 1% after peripheral
blood stem cell transplantation (PBSCT) or bone marrow transplan-
tation (BMT) and 7-9% after cord blood transplantation (CBT) [1-3].
It usually occurs within the first 2-6 weeks after HSCT, and the risk
factors include transplantation from a human leukocyte antigen
(HLA)-mismatched donor, CBT, non-methotrexate (MTX)-based
graft-versus-host disease (GVHD) prophylaxis, pre-engraftment
immune reaction (PIR), and acute GVHD [2, 4-6]. Patients with
HHV-6 encephalitis showed worse prognosis than those without

encephalitis [5]. To date, no FDA (Food and Drug Administration)-
approved HHV-6-specific drugs are available, and most therapeutic/
prophylactic drugs for HHV-6 encephalitis are the same as those
for cytomegalovirus (CMV) disease [7]. Of note, foscarnet (FCN),
the PMDA (Pharmaceutical and Medical Devices Agency)-
approved drug for HHV-6 encephalitis after HSCT, is the first
choice for HHV-6 encephalitis [8]. The dosage is crucial for the
treatment of HHV-6 encephalitis: 180 mg/kg/day of FCN s
recommended to treat patients with HHV-6 encephalitis as this
higher dose is associated with a better response rate [5]. Low
dose FCN (90 mg/kg/day) is not sufficient to prevent HHV-6
encephalitis [9]. Prophylactic or pre-emptive therapy is currently
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not recommended for the prevention of HHV-6B reactivation or
encephalitis after HSCT [8].

Letermovir (LTV) is a novel and specific anti-CMV prophylactic
drug that has been widely used since 2017 to reduce CMV
reactivation and disease after HSCT [10-13]. However, LTV is not
effective against HHV-6 [14, 15], unlike other anti-CMV drugs such
as FCN and ganciclovir (GCV). Consequently, LTV prophylaxis with
reduced use of anti-CMV drugs that are generally effective against
HHV-6 may increase the incidence of HHV-6 encephalitis. There-
fore, the risk and incidence of HHV-6 encephalitis may have
changed in the LTV era. In a previous monocentric study
examining the relationship between LTV prophylaxis and HHV-6
encephalitis, HHV-6 encephalitis incidence did not differ between
the pre-LTV and post-LTV groups [16]. However, only 10% of
patients with CBT were included, resulting in less than 1%
incidence of HHV-6 encephalitis in both groups. Therefore, the
clinical effect of LTV prophylaxis on HHV-6 encephalitis remains
largely unknown.

Based on the above rationale, we investigated the clinical
impact of LTV prophylaxis on the incidence of HHV-6 encephalitis
using Japanese registry-based data in the LTV era.

METHODS

Patients and study approval

The clinical, treatment, and outcome data of HSCT recipients were
obtained from the Transplant Registry Unified Management Program of
the Japan Society for Transplantation and Cellular Therapy (JSTCT) and the
Japanese Data Center for Hematopoietic Cell Transplantation [17, 18].
Patients who received their first allogeneic HSCT between the age of 18
and 75 years, and underwent transplantation between January 2019 and
December 2021 were selected from the nationwide transplantation
registry and included along with those that received single-unit CBT,
PBSCT, and BMT. Patients missing survival or HHV-6 encephalitis data were
excluded. HLA-matched donors were defined as having the same
serologically identified HLA-A, HLA-B, and HLA-DRB1 as the recipient.
Haploidentical donors were defined as related donors mismatched at
2-3 HLA antigen levels for HLA-A, HLA-B, and HLA-DRB1 with the recipient.
The remaining donors were considered mismatched. Missing data are
noted descriptively in each table where appropriate and are excluded from
the relevant statistics when necessary. However, we considered the CMV
serostatus of the cord blood (CB) unit to be “negative” if it was “blank” in
the original data set, indicating that the CMV status of the donor was
negative.

Endpoints and definitions

The primary endpoint was the incidence of HHV-6 encephalitis on day 100
after HSCT, diagnosed by the treating physicians using previously
published diagnostic criteria [5]. Briefly, the following three factors must
be present: (1) the presence of central nervous system (CNS) dysfunction,
(2) a positive polymerase chain reaction (PCR) result for HHV-6 DNA in the
cerebrospinal fluid (CSF), and (3) the absence of other identified causes of
CNS dysfunction. Although there are 2 distinct species of HHV-6 (HHV-6A
and HHV-6B), due to lack of available data, we could not distinguish
between HHV-6A and HHV-6B. In addition, we cannot distinguish whether
HHV-6 is a chromosomally integrated type (ciHHV-6) or not. However, in
previous reports only a small proportion (0.6-1.4%) have ciHHHV-6 [19, 20],
and up to 1.2-2.8% of HSCT patients could be affected by ciHHV-6 as this
condition would be seen in all nucleated cells of the host as well as
the graft.

To evaluate the impact of LTV prophylaxis on HHV-6 encephalitis, we
divided the entire cohort into three groups according to the antiviral drugs
administered prophylactically immediately after transplantation: (1) broad-
spectrum antiviral drugs including prophylactic FCN, GCV, or valganciclovir
(VGCV); (2) oral or intravenous LTV; and (3) other antiviral drugs that did
not include FCN, GCV, VGCV, or LTV. The choice of antiviral prophylaxis
medication was at the discretion of each physician. However, we were
unable to determine whether the prophylactic antivirals (especially broad-
spectrum antivirals) were administered to suppress CMV, HHV-6, or other
viral reactivations/infections. Furthermore, although we understand that
the dose of antiviral therapy is important because the efficacy of FCN for
the prevention and treatment of HHV-6 encephalitis is dependent on the

Bone Marrow Transplantation (2024) 59:1224 - 1231

T. Terao et al.

dosage (90 or 180 mg/kg/day) [5, 9], data regarding dosage of antiviral
prophylactic drugs were unavailable in this study.

Preemptive CMV therapy was defined as anti-CMV therapy to treat CMV
reactivation. CMV disease was defined as end-organ dysfunction caused by
CMV. Overall survival (OS) was defined as the time from HSCT to death or
the last observation. Death without relapse was defined as non-relapse
mortality (NRM). Patients were classified based on disease risk during HSCT
into low- and high-risk groups. The low-risk group included patients
exhibiting non-malignant disease; first or second complete remission in
acute myeloid leukemia and acute lymphoblastic leukemia; refractory
anemia (RA); RA with ringed sideroblasts in myelodysplastic syndrome; first
or second chronic phase or accelerated phase in chronic myeloid leukemia;
any complete response in malignant lymphoma; completer response or
very good partial response in multiple myeloma. All other statuses at HSCT
were defined as high-risk. Reduced-intensity conditioning regimen was
defined as (1) total body irradiation at 500 cGy as a single fraction or
800cGy if fractionated, (2) <7.2mg/kg intravenous busulfan, or
(3) <140 mg/m2 melphalan [21]. Acute and chronic GVHD were diagnosed
and graded based on previously described clinical criteria [22, 23].

Statistical analysis
Baseline patient characteristics were compared using Fisher’s Exact Test for
categorical variables and the Mann-Whitney U or Kruskal-Wallis test for
continuous variables. The probabilities of HHV-6 encephalitis, acute and
chronic GVHD, and NRM were calculated using the cumulative incidence
method (considering competing risks), and the groups were compared
using Gray's test. Death without HHV-6 encephalitis or GVHD was a
competing event for HHV-6 encephalitis or GVHD. Relapse and NRM were
considered mutually competing events. The OS probability was estimated
using the Kaplan-Meier method, and groups were compared using the
log-rank test. We used the Mantel and Byar method and the Simon and
Makuch plot for survival analysis of HHV-6 encephalitis onset to avoid time-
lead bias in the development of HHV-6 encephalitis on survival.
Multivariate analysis (MVA) was performed using the Fine and Gray
proportional hazard model for HHV-6 encephalitis to estimate hazard ratios
(HRs) with 95% confidence intervals (Cls). Initially, the MVA included stem
cell sources. The following factors were included in the multivariate model:
age (<50 years vs. =50 years), sex (female vs. male), stem cell source (BM vs.
PB vs. CB), antiviral prophylaxis (broad-spectrum antiviral prophylaxis vs.
LTV vs. other antiviral drugs), and grade II-IV acute GVHD requiring
systemic corticosteroids (no vs. yes). We then performed a separate MVA
according to the stem cell source (the CBT cohort), as CBT is a well-known
risk factor for HHV-6 encephalitis. We added PIR and GVHD prophylaxis
methods in the CBT cohort. We evaluated PIR and acute GVHD as time-
dependent covariates. All statistical analyses were performed using
RStudio and EZR version 1.61 (Saitama Medical Center, Jichi Medical
University) [24], which is a graphical user interface for R (The R Foundation
for Statistical Computing, version 4.2.2, Vienna, Austria). A two-sided
p < 0.05 was considered statistically significant.

RESULTS

Patient characteristics, details of antiviral prophylaxis, and
CMV treatment

In total, 7985 patients with a median age of 54 years (interquartile
range [IQR] 43-62, Table 1) were included in this study. Among
them, 467 patients (5.8%) received broad-spectrum antiviral
prophylaxis, 4911 patients (61.5%) received LTV, and 2607 patients
(32.6%) received other antiviral drugs. Among the broad-spectrum
antiviral prophylaxis group, 333 patients (71.3%) received FCN. The
median duration between HSCT and antiviral prophylaxis initiation
was 5 days (IQR day 0-7) in the broad-spectrum antiviral prophylaxis
group and 1 day (IQR day 0-5) in the LTV group (p = 0.006). The
median durations of antiviral prophylaxis were 46 days (IQR
24-89 days) in the broad-spectrum antiviral prophylaxis group
and 91 days (IQR 55-100 days) in the LTV group (p < 0.001).

The incidence of CMV preemptive therapy on day 100 after
HSCTwas 21.1% (95% Cl: 20.2-22.0%, Supplemental Fig. 1A),
and CMV disease on day 100 was 2.5% (95% Cl: 2.1-2.8%,
Supplemental Fig. 1B). The LTV prophylaxis group had the
lowest incidence of CMV preemptive therapy and CMV disease on
day 100 compared with the other two groups (CMV preemptive
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Table 1. Patient characteristics.

All (n =7985) Prophylaxis Drugs
Factors broad-spectrum LTV (n =4911) other antiviral drugs p
antiviral drugs (n =2607)
(n=467)
Age at transplantation (median, IQR) 54 (43-62) 56 (44-64) 54 (43-62) 53 (42-62) 0.0051
Sex (Male, n, %) 4702 (58.9) 274 (58.7) 2892 (58.9) 1536 (58.9) 1
ECOG PS (2-4, n, %) 531 (6.6) 55 (11.8) 270 (5.5) 206 (8.6) <0.001
HCT-CI (0 or 1, n, %) 5735 (72.1) 333 (71.6) 3522 (72.0) 1880 (72.4) 0.91
Disease (n,%) <0.001
AML/MDS 4759 (59.6) 258 (55.2) 2882 (58.7) 1619 (62.1)
ALL 1293 (16.2) 56 (12.0) 821 (16.7) 416 (16.0)
Lymphoma 1133 (14.2) 112 (24.0) 722 (14.7) 299 (11.5)
others 800 (10.0) 41 (8.8) 486 (9.9) 273 (10.5)
Disease Risk (Low risk, n %) 3935 (62.6) 191 (57.7) 2473 (64.3) 1271 (60.3) 0.002
Recipient/Donor CMV serostatus (n, %) <0.001
R+ /D+ 2767 (37.7) 78 (18.0) 1802 (39.5) 887 (37.9)
R+ /D— 3393 (46.2) 279 (64.3) 2172 (47.7) 942 (20.7)
R—/D+ 415 (5.7) 8 (1.8) 60 (5.7) 147 (6.3)
R—/D— 758 (10.3) 69 (15.9) 323 (7.1) 366 (15.6)
Stem cell source (n,%) <0.001
Bone Marrow 2394 (30.0) 59 (12.6) 1411 (28.7) 924 (35.4)
Peripheral Blood 2756 (34.5) 65 (13.9) 1939 (39.5) 752 (28.8)
Cord Blood 2835 (35.5) 343 (73.4) 1561 (31.8) 931 (35.7)
Relation (related donor, n, %) 2464 (30.9) 63 (13.5) 1664 (33.9) 737 (28.3) <0.001
HLA discrepancy (n, %)? <0.001
6/6 match 3257 (63.2) 80 (64.5) 1948 (58.1) 1676 (73.3)
5/6 one mismatch 834 (16.2) 15 (12.1) 557 (16.6) 262 (15.6)
3 or 4/6 match haploidentical 1059 (20.6) 29 (23.4) 845 (25.2) 185 (11.0)
Conditioning regimen 2965 (37.1) 202 (43.2) 1635 (33.3) 1128 (43.2) <0.001
(myeloablative, n, %)
GVHD prophylaxis (n, %)
HLA match or one mismatch 6926 (79.4) 438 (93.8) 4066 (82.8) 2422 (92.9) <0.001
CNI with MTX 4938 (71.3) 176 (40.2) 3070 (75.5) 1692 (69.9)
CNI without MTX 1861 (26.9) 251 (57.3) 929 (22.8) 681 (28.1)
others 127 (1.8) 11 (2.5) 67 (1.6) 49 (2.0
HLA haplo 1059 (20.6) 29 (6.2) 824 (17.2) 185 (7.1) <0.001
PTCy based 838 (79.1) 24 (82.8) 688 (83.5) 126 (68.1)
ATG based 148 (14.0) 4 (13.8) 112 (13.6) 32 (17.3)
others 73 (6.9) 1(3.4) 45 (5.5) 27 (14.6)
PIR (n, %) 630 (7.9) 110 (23.6) 263 (5.4) 257 (9.9) <0.001
Grade II-1V acute GVHD (n, %) 2788 (34.9) 191 (40.9) 1677 (34.1) 920 (35.3) 0.036
Grade Ill-IV acute GVHD (n, %) 899 (11.3) 73 (15.6) 518 (10.5) 308 (11.8) 0.016
Follow-up period (days, median, IQR) 370 (161-707) 299 (118-593.5) 372 (173.5-691) 377 (147-753) <0.001

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, ATG anti-thymocyte globulin, BM bone marrow, CMV cytomegalovirus, CNI calcineurin
inhibitor, ECOG PS Eastern Cooperative Oncology Group Performance Status, FCN foscarnet, GCV ganciclovir, GVHD graft-versus-host disease, HCT-CI
hematopoietic cell transplant comorbidity index, HLA human leukocyte antigen, IQR interquartile range, LTV letermovir, MDS myelodysplastic syndromes, MTX
methotrexate, PB peripheral blood, PIR pre-engraftment immune reaction, PTCy post-transplant cyclophosphamide, VGCV valganciclovir.

*These results were obtained from 5150 patients in whom PB and BM were selected as the stem cell source.

If the CMV serostatus of the cord blood unit is “blank” in the original dataset, then we consider the CMV serostatus of the cord blood unit to be “negative’
meaning that the CMV status of the donor is negative. This is because in Japan, in principle, only those with a negative CMV status of the cord blood are
eligible.

Missing data: 10 patients in ECOG-PS, 35 patients in HCT-CI, 1700 patients in Disease Risk, 652 patients in CMV status, 3 patients in PIR.

SPRINGER NATURE Bone Marrow Transplantation (2024) 59:1224 - 1231



[

N
<
3~

Patterns
Al

o
*

10%

5%

Cumulative incidence of HHV-6 encephalitis (%)

0%

0 50 100

150 200
Days
Number at risk
@
£
2 7985 7259 6586 5923 5464
&
0 50 100 150 200
Days
C
. 20% Stem cell source
g BM
@ - PB
£ cB
g P<0.001
<0.
g 15%
e
o
4
>
T
< 10%
<]
[
S
c
5]
=
5]
£ 5y
o
2
s
S
£
O g% L
0 50 100 150 200
Days
@
o Number at risk
5
3 2394 2244 2066 1846 1704
3 = 2756 2594 2377 2176 2015
(E) 2835 2421 2143 1901 1745
o
n 0 50 100 150 200
Days

Fig. 1

T. Terao et al.

100% - HHV-6 encephalitis
No
Yes
80% |
S 0%
:
=
3
T
o 40% o
3
20% |
P<0.001
0%
T T T T T T T
0 200 400 600 800 1000 1200
Days
Number at risk
7985 5464 3684 2439 1525 787 198
0 152 90 58 36 16 1
—~ 20% Prophylaxis drugs
B Broad-spectrum antiviral drugs
1) LTv
= Other prophylaxis
©
< P<0.001
5 1% <0.00
2
(7]
©
>
I
I 10%
o
@
8
e
5
=l
3
£ 59
(]
=
=
5
£ i
O 0% ol
0 50 100 150 200
Days
g’ Number at risk
S 467 390 335 291 267
% - 4ot 4553 4143 3746 3452
= 2607 2316 2108 1886 1745
5 0 50 100 150 200
o
Days

Cumulative incidence or overall survival of HHV-6 encephalitis development. a HHV-6 encephalitis at day 100 in the entire cohort

was 3.6%. b The Simon and Makuch plot reveals that the median OS was 323 days and NR in patients with and without HHV-6 encephalitis
(p < 0.001). ¢ The incidence of HHV-6 encephalitis at day 100 was 7.4% in the CBT group, 2.3% in the BMT group, and 0.9% in the PBSCT group
(p <0.001). d The incidence of HHV-6 encephalitis at day 100 was 11.5% in the broad-spectrum antiviral prophylaxis group, 2.8% in the LTV

group, and 3.8% in the other antiviral drug group (p < 0.001).

therapy: 11.9% [95% Cl: 11.0-12.9%] in the LTV group, 19.9% [95%
Cl: 15.9-23.7%] in the broad-spectrum group, and 39.4% [95% Cl:
37.4-41.3%] in the other antiviral drug group, p <0.001, Supple-
mental Fig. 1C; CMV disease: 1.5% [95% Cl: 1.1-1.8%] in the LTV
group, 4.8% [95% Cl: 2.7-6.9%] in the broad-spectrum group, and
4.0% [95% Cl: 3.2-4.8%)] in the other antiviral drug group, p < 0.001,
Supplemental Fig. 1D). A total of 50.5% in the LTV group, 61.1% in
the broad-spectrum group, and 58.1% in the other antiviral drug
group received either FCN or GCV as CMV preemptive therapy. The
incidence of CMV preemptive therapy with either FCN or GCV at day
100 was 134% (95% Cl: 12.7-14.2%) in the whole cohort,
comprising 8.6% (95% Cl: 7.8-9.4%) in the LTV group, 14.2%
(10.8-17.5%) in the broad-spectrum group, and 22.9% (21.2-24.5%)
in the other antiviral drug group (p < 0.001).

These results indicated that the LTV group was less likely to
receive CMV preemptive therapy or CMV drugs that were effective
against HHV-6.

Outcome of HHV-6 encephalitis development and differences
based on clinical factors

In total, 278 HHV-6 encephalitis cases occurred in 7985 patients, with
an incidence of 3.6% (95% Cl: 3.2-4.0%) on day 100 (median 24 days,

Bone Marrow Transplantation (2024) 59:1224 - 1231

range 10-196 days, Fig. 1a). Patients with HHV-6 encephalitis had
significantly worse prognoses than those without HHV-6 encepha-
litis (median OS: 323 days vs. not reached [NR], 95% Cl 245-552 vs.
1260-not available [NA], p < 0.001, Fig. 1b).

The risk of developing HHV-6 encephalitis was significantly
higher in patients who underwent CBT (7.4%, 95% Cl 6.4-8.3%)
than in those who underwent BMT (2.3%, 95% Cl 1.7-2.9%) or
PBSCT (0.9%, 95% Cl 0.6-1.3%) (p <0.001, Fig. 1c) as well as in
patients who received broad-spectrum antiviral prophylaxis
(11.5%, 95% Cl 8.5-14.4%) compared to those who received LTV
(2.8%, 95% Cl 2.3-3.2%) or other antiviral drugs (3.8%, 95% Cl
3.0-4.5%) (p <0.001, Fig. 1d). Moreover, both HHV-6 encephalitis
and CMV preemptive therapy or CMV disease occurred in 14
patients (3.0%) in the broad-spectrum antiviral group, 51 patients
(1.0%) in the LTV group, and 25 patients (1.0%) in the other
antiviral drugs group. Of these patients, 0/14, 9/51 (17.6%), and
5/25 (20.0%) patients had CMV preemptive therapy or CMV
disease before HHV-6 encephalitis onset, respectively. The median
time of onset of HHV-6 encephalitis was shorter in the LTV group
(22 days) than in the broad-spectrum antiviral group (27 days). We
performed MVA, including a stem cell source, to confirm the
effects of antiviral prophylaxis on HHV-6 encephalitis (Table 2).
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Table 2. Multivariate analysis.
All CBT
HR (95% Cl) P HR (95% Cl) P

HHV-6 encephalitis/Number of patients 278/7985 180/2664
Factors
Age

<50 Reference Reference

250 0.99 (0.77-1.27) 0.94 0.83 (0.61-1.14) 0.25
Recipient sex

Female Reference Reference

Male 1.35 (1.05-1.73) 0.017 1.33 (0.98-1.80) 0.07
Stem cell source

Bone Marrow Reference

Peripheral Blood 0.41 (0.25-0.65) <0.001

Cord Blood 2.90 (2.13-3.93) <0.001
CMV prophylaxis

other antiviral drugs Reference Reference

broad-spectrum antiviral drugs 1.91 (1.35-2.69) <0.001 1.95 (1.31-2.91) <0.001

Letermovir 0.81 (0.63-1.06) 0.12 1.03 (0.72-1.46) 0.86
Grade II-IV acute GVHD requiring systemic corticosteroid

No Reference Reference

Yes 242 (1.75-3.33) <0.001 1.81 (1.23-2.83) 0.004
PIR requiring systemic corticosteroid

No Reference

Yes 246 (1.77-3.41) <0.001
GVHD prophylaxis

CNI + MTX Reference

CNI 4 MMF 2.01 (1.41-2.88) <0.001

BMT bone marrow transplantation, CBT cord blood transplantation, C/ confidence interval, CMV cytomegalovirus, CsA cyclosporin, FCN foscarnet, GCV
ganciclovir, GVHD graft-versus-host disease, HR hazard ratio, LTV letermovir, MMF mycophenolate mofetil, MTX methotrexate, PBSCT peripheral blood stem cell

transplantation, VGCV valganciclovir.

CBT (hazard ratio [HR]: 2.90 [95% Cl: 2.13-3.93]), broad-spectrum
antiviral drugs (HR: 1.91 [95% Cl: 1.35-2.69]), and grade II-IV acute
GVHD requiring systemic corticosteroid (HR: 242 [95% Cl:
1.75-3.33]) were independent risk factors (all p < 0.001), whereas
PBSCT was an independent protective factor (HR, 0.41 [95% Cl:
0.25-0.65]; p < 0.001).

CBT cohort

As described above, we confirmed that CBT as a stem cell source
was a risk factor for HHV-6 encephalitis in the LTV era; however,
we also considered that CBT could be a confounder in our analysis
of antiviral prophylaxis and HHV-6 encephalitis. Therefore, to
remove this potential confounding factor, we further analyzed the
CBT cohort. In the CBT cohort (n = 2835, Supplemental Table 1),
HHV-6 encephalitis was significantly higher in patients treated
with broad-spectrum antiviral prophylaxis than in the other two
groups (14.1% [95% CI: 10.3-17.8%] in the broad-spectrum
antiviral group, 5.9% [95% Cl: 4.7-7.0%] in the LTV group, and
74% [95% Cl: 5.6-9.1%)] in the other antiviral drug group,
p <0.001, Fig. 2a). Moreover, like the entire cohort, the median
number of days for HHV-6 encephalitis onset was lesser in the LTV
group (21 days) than in the broad-spectrum antiviral prophylaxis
group (27 days). As non-MTX-based GVHD prophylaxis in CBT is a
risk factor for HHV-6 encephalitis, we further divided the CBT
cohort into two groups based on treatment (calcineurin inhibitor
[CNI] and MTX or CNI and mycophenolate mofetil [MMF]).
The median time of HHV-6 encephalitis onset in the two GVHD
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prophylaxis groups was 23 days. In both GVHD-prophylaxis
groups, HHV-6 encephalitis was significantly higher in the broad-
spectrum antiviral prophylaxis group than in the other two groups
(CNI' and MTX group: 11.8% [95% Cl: 5.0-18.1%)] in the broad-
spectrum antiviral group, 3.2% [95% Cl: 2.0-4.4%] in the LTV
group, and 3.4% [95% Cl: 1.4-5.3%] in the other antiviral drug
group, p = 0.003, Fig. 2b; and CNI and MMF group: 15.2% [95% Cl:
10.1-20.2%] in the broad-spectrum antiviral group, 8.7% [95% Cl:
6.4-10.9%)] in the LTV group, and 10.1% [95% Cl: 7.4-12.8%] in the
other antiviral drug group, p=0.049, Fig. 2c). Broad-spectrum
antiviral prophylaxis (HR: 1.95 [95% Cl: 1.31-2.91]), grade II-IV
acute GVHD requiring systemic corticosteroids (HR: 1.86 [95% Cl:
1.23-2.83]), PIR requiring systemic corticosteroids (HR: 2.46 [95%
Cl: 1.77-3.41]), and CNI and MMF GVHD prophylaxis (HR: 2.01 [95%
Cl: 1.41-2.88]) were independent risk factors for HHV-6 encepha-
litis in the MVA (all p < 0.05, Table 2).

Collectively, these results suggest that LTV prophylaxis was not
associated with HHV-6 encephalitis regardless of the stem cell
source. However, broad-spectrum antiviral prophylaxis was para-
doxically associated with risk factors for HHV-6 encephalitis in the
LTV era, especially in the CBT cohort, independent of GVHD
prophylaxis.

DISCUSSION
We re-evaluated the incidence of HHV-6 encephalitis in a modern,
large-scale dataset due to the potential increase in HHV-6
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Fig. 2 Cumulative incidence of HHV-6 encephalitis in subgroup analysis. a HHV-6 encephalitis at day 100 after HSCT among CBT patients
was 14.7% in the broad-spectrum antiviral prophylaxis group, 5.9% in the LTV group, and 7.4% in the other antiviral drug group (p < 0.001).
b HHV-6 encephalitis at day 100 in CBT patients on CNI and MTX based GVHD prophylaxis was 11.8% in the broad-spectrum antiviral
prophylaxis group, 3.2% in the LTV group, and 3.4% in the other antiviral drug group (p <0.001). ¢ HHV-6 encephalitis at day 100 in CBT
patients on CNI and MMF based GVHD prophylaxis was 15.2% in the broad-spectrum antiviral prophylaxis group, 8.7% in the LTV group and

10.1% in the other antiviral drug group (p = 0.049).

encephalitis risk caused by reduction of anti-CMV drug use
owing to LTV prophylaxis. This study showed that LTV
prophylaxis was not associated with HHV-6 encephalitis, even
in the CBT cohort; however, broad-spectrum antiviral prophy-
laxis was paradoxically associated with high HHV-6 encephalitis
incidence in the LTV era. This suggests that broad-spectrum
antiviral drugs (foscarnet, ganciclovir, valganciclovir) may not
prevent HHV-6 encephalitis in high-risk patients. Overall, our
results verify the risk of developing HHV-6 encephalitis in the
LTV era. However, this paradoxical result needs to be further
validated by an external patient cohort.

Several reports suggested that low-dose FCN (50-90 mg/kg/day)
or GCV prophylaxis delayed the time to HHV-6 reactivation
compared to the control group [9, 25], without showing the
prophylactic efficacy on HHV-6 encephalitis onset [9, 25-28]. In
addition, a previous study reported a higher incidence of HHV-6
encephalitis in the FCN group than in the standard treatment group
(12.4% vs. 4.9% on day 60, p = 0.14) [9]. Our data are consistent with
these previous reports showing a delay in the onset of encephalitis
and significantly higher incidence of HHV-6 encephalitis in the
broad-spectrum antiviral prophylaxis group, even in the MTX-based
GVHD prophylaxis group of the CBT cohort.

Several hypotheses were proposed to explain why HHV-6
encephalitis was more prevalent in the broad-spectrum antiviral
group. First, these prophylactic drugs may not penetrate the
CNS owing to their low dosage. Second, the broad-spectrum
antiviral group included more CBT patients than the other two
groups (Table 1). Of note, approximately 30-40% of transplant
patients in Japan received CBT [29], which is higher than in the
US and Europe where CBT accounts for only 10% of HSCTs due
to the expansion of haploidentical transplantation [30, 31]. This
higher use of CB units may contribute to the higher incidence of
HHV-6 encephalitis. Third, although no direct association has
been observed between ciHHV-6 and HHV-6 encephalitis [19],
there is a difference in terms of the genotype of ciHHV-6 in
Japan and the US: HHV-6B accounts for 43% of ciHHV-6 cases in
Japan [20] and 71% of ciHHV-6 cases in the US [19]. Fourth,
reports of patients with HHV-6 myelitis, one of the HHV-6 end-
organ diseases [8], have come mainly from Japan [6, 32, 33],
suggesting that HHV-6 end-organ disease may depend on race.
Taken together, the paradoxical finding that patients treated
with broad-spectrum antiviral drugs exhibited a higher inci-
dence of HHV-6 encephalitis may be attributed to not only the
higher CBT patients in the broad-spectrum antiviral drug group,
but also the differences in HHV-6 genotype, race, and phenotype
of end-organ disease. However, further studies are warranted to
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validate our findings and to elucidate the detailed mechanisms
underlying these new insights.

This study had some limitations. First, this was a retrospective,
multicenter registry study, with various protocols. Second, as
described in the methods section, the dosage of antiviral
prophylactic drugs was unknown. However, it is generally challen-
ging to describe the dosage of antiviral drugs because it is adjusted
in clinical practice based on renal function, the severity of cytopenia,
and the concomitant medications administered to each patient,
which were unavailable in this study. Third, HHV-6-related outcomes
other than HHV-6 encephalitis (such as HHV-6 reactivation in the
blood/plasma detected by PCR or HHV-6 myelitis) were unknown
because the database did not include these events of interest.
Finally, although we confirmed the presence of previously reported
risk factors for the development of HHV-6 encephalitis [2, 4-6],
potential selection bias has to be considered—that is, patients with
other unknown risk factors of HHV-6 encephalitis may have been
more likely to receive broad-spectrum antivirals or more likely to
undergo the HHV-6 DNA quantification in the CSF. However, HHV-6
DNA quantification is not covered by Japanese health insurance.

In summary, although LTV prophylaxis reduced the use of anti-
CMV drugs, it was not a risk factor for HHV-6 encephalitis.
However, paradoxically, broad-spectrum antiviral prophylaxis was
associated with HHV-6 encephalitis in the LTV era. Further studies
are warranted to validate these paradoxical findings and to
elucidate the mechanisms underlying these new insights.
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