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Human herpesvirus 6 (HHV-6) frequently reactivates after allogeneic stem cell transplantation (SCT). Most patients are
asymptomatic and viremia often resolves without therapy; however, transplant-related complications may be associated with
reactivation. Multiple presentations have been attributed to HHV-6 reactivation after SCT including encephalitis. Several
strategies have been trialed to reduce such risks or complications. Challenges exist with prospective monitoring strategies, and
established thresholds of high-level reactivation may be limited. Three published guidelines and extensive trials focusing on
preemptive and prophylactic strategies are reviewed. Future areas of investigation and high-risk populations are described.
Existing trials and testing platforms have significant limitations, and to date no clear benefit for a preemptive or prophylactic

intervention has been demonstrated.
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Human herpesvirus 6 (HHV-6) commonly reactivates after al-
logeneic stem cell transplantation (SCT), and in rare instances
may cause disease. This B-herpesvirus was initially isolated in
hematologic malignancy, but primary infection with genomic
integration and immortalization occurs in nearly all individuals
before adulthood [1-3]. Utilizing CD46 or CD134 receptors,
the virus establishes lifelong integration at telomere regions
in a variety of cells including peripheral blood mononuclear
cells, monocytes, macrophages, bone marrow progenitor cells,
and central nervous system (CNS) cells [4]. Additionally, 0.2%—
2.9% of the population has chromosomal integration of HHV-6
(ciHHV-6) through Mendelian inheritance [4, 5]. As such,
HHV-6 DNA, often at high levels >10° copies/mL, particularly
in whole blood or cellular samples, may be persistently detected
in the absence of any symptoms [5]. This proposed threshold
remains limited by a lack of validation or standardization
across testing platforms. Levels may be lower in cell-free sam-
ples, such as plasma, but remain persistently elevated in
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ciHHV6. HHV-6A and HHV-6B are 2 distinct viruses; howev-
er, nearly all cases of reactivation and clinical disease after allo-
geneic SCT are attributable to HHV-6B [4-7]. While
antibody-based serologic testing and some commercial poly-
merase chain reaction (PCR) tests may not distinguish between
HHV-6A and HHV-6B, detection of HHV-6A DNA in patients
after allogeneic SCT should prompt an evaluation for citHHV-6
[5-7]. Evaluation for ciHHV-6 may be performed with droplet
digital PCR or fluorescence in situ hybridization of telomeric
integration sites but is not routinely performed in most diag-
nostic laboratories [7]. In the studies discussed, HHV-6 DNA
when detected or reported is most likely HHV-6B; however,
many utilized testing platforms that do not differentiate be-
tween HHV-6A or HHV-6B. After allogeneic SCT, reactivation
occurs in 30%-80% of patients, usually within the first 2-6
weeks, and has been associated with delayed monocyte engraft-
ment, platelet engraftment, all-cause mortality, and grade III/
IV acute graft-vs-host disease (aGVHD) [8-11]. A direct causal
relationship between HHV-6 reactivation and delayed engraft-
ment has not been established. Spontaneous resolution of
HHV-6 viremia is common often within 3 weeks of onset
[8,12, 13]. While reactivation may correlate with delayed plate-
let recovery, an association with delayed neutrophil recovery
has not clearly been established [8, 13-15]. Established risk fac-
tors for reactivation include human leukocyte antigen (HLA)-
mismatched transplants, low recipient pretransplant anti-
HHV-6 serologic titers, and umbilical cord blood transplant
(CBT) [11, 16]. These, along with corticosteroid use, anti-
T-cell monoclonal antibody use, higher grades of aGVHD,
and myeloablative conditioning, are risk factors for HHV-6B
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encephalitis [7, 9, 11, 16, 17]. Pneumonitis, hepatitis, myelitis,
fever, rash, and myelosuppression have been attributed to
HHV-6 reactivation after SCT or cellular therapy, but often al-
ternative etiologies are present and should be ruled out [8, 9,
18-20]. The most feared and defined syndrome is a posttrans-
plant limbic encephalitis comprised of anterograde amnesia,
temporal lobe seizures, and/or enhancement of the uncus,
amygdala, or hippocampus on magnetic resonance imaging
[9, 21, 22]. Radiographic or clinical evidence of limbic system
involvement is not required, though, and not seen in many pa-
tients with HHV-6B encephalitis.

HIGH-LEVEL HHV-6 REACTIVATION

Previous studies correlated high levels of plasma HHV-6 DNA
with CNS disease or increased mortality with a proposed cutoff
of >10* copies/mL as high-level reactivation [8, 9, 11, 12,
14, 15]. This is limited by a lack of validation of such a threshold
or standardization among commercially available assays.
Compounding the issue, testing platforms may produce discord-
ant results even in at-risk patients presenting with compatible
syndromes [23]. Later studies show that HHV-6B encephalitis oc-
curs even absent of high-level plasma DNA reactivation [23-25].
Detection of HHV-6 DNA in cerebrospinal fluid (CSF) may occur
in a substantial portion of SCT patients without CNS dysfunction
or with dysfunction due to an alternative etiology [25]. Treatment
of such patients did not significantly change outcomes. Detection
of HHV-6 DNA in plasma or CSF alone is insufficient for diagno-
sis of HHV-6 disease given how commonly reactivation occurs
following allogeneic SCT, and alternative etiologies should be
evaluated and ruled out prior to diagnosing HHV-6-related dis-
ease. High levels or persistently detectable HHV-6 DNA can sug-
gest ciHHV-6 and should be evaluated if the diagnosis is unclear
to avoid unnecessary or potentially harmful treatments [5, 26]. In
prospectively monitored high-risk CBT, high-level reactivation
has not been shown to be associated with poor outcomes includ-
ing engraftment time, day 100 grade II-IV aGVHD, transplant-
related mortality, or 1-year disease-free survival, and treatment
of such patients did not alter outcomes [13]. Treatment when un-
dertaken must be carefully considered, particularly if a benefit is
unclear.

CURRENT CLINICAL PRACTICE GUIDELINES AND
THERAPIES

Two clinical practice guidelines, from the Japan Society for
Cell Transplantation (JSHCT) and the
European Conference on Infections in Leukaemia (ECIL), are
published regarding HHV-6 disease in SCT. While the
JSHCT guideline focuses primarily on HHV-6B encephalitis,

Hematopoietic

the ECIL guideline notes that associations with disease states
outside of encephalitis or fever with rash are only based on
moderate or weak evidence [7, 26]. With rash alone, alternative

etiologies are often more likely. In a study of transplant recip-
ients with rash and HHV-6 reactivation, every single patient
was diagnosed with aGVHD on histopathology and no
HHV-6 antigen was detectable by immunostaining on samples
on which it was performed [8]. An additional guideline pub-
lished by the American Society for Transplantation and
Cellular Therapy includes recommendations for HHV-6B spe-
cifically after CBT [27]. First-line therapies include ganciclovir
and foscarnet. While these agents and cidofovir all have in vitro
and in vivo activity against the virus, cidofovir is considered
second line due to poor CNS penetration (7, 26, 28]. When ini-
tiated for treatment, maximum dosing should be given due to
improved outcomes compared to reduced dosing regimens
[26, 29]. In patients with HHV-6B encephalitis, a retrospective
analysis demonstrated a reduction in 30-day all-cause mortality
in patients receiving foscarnet, either alone or in combination;
however, no clear significant difference was noted in patients
treated with monotherapy ganciclovir compared to monother-
apy foscarnet [29]. In the JSHCT guideline, foscarnet is therefore
recommended (weak recommendation) as first-line therapy
[26]. In vitro studies of human astroglioma cells demonstrated
a reduced antiviral activity of ganciclovir in HHV-6A-infected
cells not seen in HHV-6B-infected cells [30]. The clinical signif-
icance is unclear; as noted nearly all cases of HHV-6 reactivation
after SCT are due to HHV-6B, and HHV-6A has not been caus-
ally linked to disease in this population [5-7]. Combination ther-
apy with foscarnet and ganciclovir may be associated with
reduced long-term neurologic sequelae, but no mortality benefit
has been demonstrated, and guidelines only recommend consid-
eration in severe cases [26, 31]. No randomized clinical trials ex-
ist for treatment of HHV-6B encephalitis. The duration of
treatment is unclear. Guidelines recommend at least 3 weeks,
and an extension of therapy until either HHV-6 DNA is unde-
tectable in plasma and CSF and symptoms have improved [7,
26]. Refractory cases occur despite combination therapy and ci-
dofovir may be trialed; however, there are no specific evidence or
guideline recommendations in such situations. A comprehen-
sive review for alternative etiologies should be undertaken.
Even with appropriate therapy, outcomes may be poor and long-
term neurologic sequelae common [10, 11, 26, 29, 31].
Comparisons of the 3 guidelines are available in Table 1.
Where available, strength of recommendation is made based
on the European Society of Clinical Microbiology and
Infectious Diseases grading system for the ECIL guideline and
the Grading of Recommendations Assessment, Development
and Evaluation methodology for the JSHCT guideline.

PREEMPTIVE STRATEGIES

Due to poor outcomes of HHV-6B encephalitis, preemptive
and prophylactic strategies have been attempted without signif-
icant success. Preemptive monitoring of HHV-6 DNA has
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Table 1.

Comparison of Guideline Recommendations for Human Herpesvirus 6B DNA Monitoring and Therapy

Population

ECIL, 2019
Allogeneic SCT

JSHCT, 2019
Allogeneic SCT?

ASTCT, 2021
CBTP

Accepted risk factors
for HHV-6B
encephalitis

Potential risk factors
for HHV-6B
encephalitis

When to test for
ciHHV-6

Treatment

Duration of therapy

Prospective
monitoring

Prophylactic therapy
Preemptive therapy

Notes

CBT, T-cell depleted allografts, unrelated
donor or mismatched donor, aGVHD
grades lI-1V, glucocorticoid therapy

Haploidentical transplant, pre-engraftment
syndrome

No indication for routine testing; consider if
unclear

e Foscarnet 90 mg/kg q12h OR ganciclovir 5
mag/kg q12h (Allu)

e Combination therapy may be considered
(CII)

At least 3 weeks with clearance of DNA from
blood and, if possible, CSF (ClII)

Not recommended (Dllu)

Not recommended (Dllu)
Not recommended (DIlu)

No recommendation for treatment of
end-organ disease outside of encephalitis
(insufficient data)

CBT, male sex, unrelated donor or mismatched
donor, corticosteroid therapy, pre-engraftment
syndrome, engraftment syndrome, aGVHD

Haploidentical transplant

1-10 % 108 copies/mL in whole blood or persistent
DNA in plasma or serum (strong)

e Primary: foscarnet 60 mg/kg q8h or 90 mg/kg
q12h (weak)

e Secondary: ganciclovir 5 mg/kg q12h (weak)

e Combination therapy in severe cases (weak)

At least 3 weeks with clearance of DNA from blood
and, if possible, CSF (weak)

Not recommended (weak)

Not recommended (weak)

No recommendation
No benefit to predict or prevent HHV-6B
encephalitis

Can consider biweekly monitoring during weeks 2—
6 after CBT (expert opinion), but not for use for
preemptive therapy

Not discussed

Not discussed

>10° copies/mL in whole blood or
viremia unresponsive to
therapy

Not discussed

Not discussed

Can be considered, no evidence
to support;
alternatively, as clinically
indicated

Not recommended

Can consider for high-level
viremia
Note no established threshold
or evidence to support role®

Note some centers prospectively
monitor to day 60, but no
evidence to support

Abbreviations: aGVHD, acute graft-vs-host disease; Allu, Strongly supports a recommendation for use, based on evidence from at least one uncontrolled trial or from cohort- or case-control
analytic studies; ASTCT, American Society for Transplantation and Cellular Therapy; Clll, Marginally supports a recommendation for use, expert opinion; CBT, cord blood transplant; ciHHV-6,
chromosomally integrated human herpesvirus 6; CSF, cerebrospinal fluid; Dllu, Supports a recommendation against use, based on evidence from at least one uncontrolled trial or from cohort-
or case-control analytic studies; ECIL, European Conference on Infections in Leukaemia; HHV-6B, human herpesvirus 6B; JSHCT, Japan Society for Hematopoietic Cell Transplantation; g8h,
every 8 hours; q12h, every 12 hours; SCT, stem cell transplant.

#Specific to HHV-6B encephalitis.

°Guideline for infection prophylaxis after CBT, not specific to HHV-6B.

°Refers to ECIL guideline for preemptive therapy, which explicitly recommends against preemptive therapy.

several challenges. HHV-6 DNA rises rapidly and suddenly
around the onset of symptoms in patients with HHV-6B en-
cephalitis [8, 10, 32, 33]. Due to viral kinetics, the high inci-
dence of asymptomatic HHV-6 reactivation after SCT, and
the limitations with current testing platforms, there is no estab-
lished role for HHV-6 preemptive monitoring to prevent
HHV-6B encephalitis. In preemptive treatment studies, foscar-
net is more frequently utilized, rather than ganciclovir, due to
concerns of myelosuppression [33, 34]. Multiple prospective
and multicenter studies have found no benefit from preemptive
strategies, and the majority of patients developed some adverse
event potentially attributable to foscarnet therapy [32, 33]. A
lack of evidence supporting a specific threshold to initiate ther-
apy further complicates preemptive strategies.

PROPHYLACTIC STRATEGIES

Prophylactic strategies have not fared better. In a small hetero-
geneous safety study of 20 patients, prophylactic foscarnet

90 mg/kg/day demonstrated non-statistically significant po-
tential to reduce HHV-6B-related CNS dysfunction at a poten-
tial cost for a trend of increased side effects [35]. However, a
larger prospective cohort analysis of 118 patients found no ben-
efit of prophylactic foscarnet 50 mg/kg/day in preventing
HHV-6 HHV-6B [36].
Specifically for high-risk double CBT, a retrospective secondary

reactivation  or encephalitis
analysis found higher rates of HHV-6 reactivation in patients
receiving sirolimus and mycophenolate mofetil compared to
cyclosporine and mycophenolate mofetil [37]. Multivariate
analysis showed that only HHV-6 reactivation before neutro-
phil recovery was associated with risk of graft failure. The study
likely suffered from ascertainment bias as HHV-6 reactivation
was not evaluated prospectively but only in response to symp-
toms, such as delayed engraftment, and a similar study of 125
double CBT patients with prospective monitoring found no
such findings as well as a HHV-6 reactivation rate of 94%
[13]. While the study suggests that sirolimus may be associated
with HHV-6 reactivation, patients receiving sirolimus were
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older and had fewer comorbid conditions, and the change oc-
curred due to a change in institutional practice in 2012 and pro-
spective monitoring of HHV-6 DNA was not performed.
Further case-controlled or prospective studies with prospective
monitoring of HHV-6 DNA would be required to confirm this
association. A subsequent retrospective analysis of 25 CBT pa-
tients receiving foscarnet prophylaxis of 45 mg/kg twice daily
failed to demonstrate a reduction in cumulative rates of
HHV-6 reactivation, but did suggest higher rates of neutrophil
engraftment and 6-month overall survival [38]. Unfortunately,
prospective monitoring was only performed in the foscarnet
prophylaxis group of this study and compared to a control pop-
ulation, which in part as previously discussed, did not have pro-
spective monitoring and likely suffered from ascertainment
bias [37, 38]. Additionally, donor type of single vs double
CBT, HLA matching, total nucleated cell dose, and CD34
dose were significantly different between groups, making com-
parisons difficult [38]. Single CBT alone was associated with
improved neutrophil engraftment compared to double CBT
[38]. A larger prospective multicenter trial evaluated 57 pa-
tients receiving foscarnet prophylaxis of 90 mg/kg daily and
found no difference in rates of HHV-6B encephalitis; more-
over, a non-statistically significant trend toward more enceph-
alitis occurred in the foscarnet arm [24]. The primary endpoint
of lower rates of high-level HHV-6 reactivation, defined as
>10* copies/mL of HHV-6 DNA in plasma, was significant in
the foscarnet prophylaxis arm; however, this only occurred at
the week 3 and week 4 timepoints during the study and no dif-
ference in rates of HHV-6B encephalitis, grade II-IV aGVHD,
or grade III/IV aGVHD were found [24]. Most (5/7) patients
receiving prophylaxis who developed encephalitis did not
have high-level HHV-6 reactivation. Overall survival and rates
of graft failure were not evaluated between groups. Notably, 13
of 57 (23%) of patients were unable to complete 21 days of fos-
carnet prophylaxis, and of 3 of 57 (5.2%) developed acute kid-
ney injury limiting therapy entirely [24]. Dose adjustment was
required in 18.5% of overall foscarnet administrations due to
renal dysfunction.

DISCUSSION AND FUTURE DIRECTIONS

Due to these studies, all 3 published guidelines either expressly
recommend against routine prospective testing of HHV-6
DNA after allogeneic SCT, or limit it to a consideration for a
short period after transplantation in only the highest-risk pa-
tients such as after CBT [7, 26, 27]. In such populations, pub-
lished guidelines note consideration of a limited monitoring
period of 2-6 weeks or 60 days following CBT, but acknowledge
there is no current evidence of a benefit for preemptive or pro-
phylactic therapy in these patients [26, 27]. Haploidentical trans-
plantation may present an additional population with higher risk
of HHV-6B encephalitis for which prospective studies are

needed [39-41]. HHV-6 reactivation remains challenging in
the allogeneic SCT setting and may be associated with significant
complications such as delayed platelet engraftment, high-grade
aGVHD, and HHV-6B encephalitis. Reactivation is common,
particularly after CBT, and studies to date have not been able
to reliably predict which patients are at highest risk of progres-
sion to HHV-6B encephalitis and disease, in part due to viral ki-
netics and limitations of current testing platforms. While earlier
studies proposed a risk threshold for high-level HHV-6 DNA re-
activation in plasma, current evidence suggests that disease, in-
cluding HHV-6B encephalitis, may occur even in the absence
of high-level plasma reactivation [23-25]. The potential for dis-
tinct HHV-6 reactivation in patients with ciHHV-6 has been
considered but remains clinically controversial [7]. Testing plat-
forms suffer from a lack of standardization in measurement of
HHV-6 DNA levels, and discordance among platforms has
been noted [23]. Additional populations, such as patients follow-
ing chimeric antigen receptor T-cell therapy, may carry in-
creased risks and require further evaluation [20, 23]. In
unclear scenarios, c(HHV-6 should be evaluated, but is not yet
standard of care in most transplant centers. Prospective moni-
toring and preemptive, and prophylactic therapy trials have
not demonstrated a clear benefit for patient outcomes and
pose significant potential drug toxicities with therapy that should
be carefully considered by providers and transplant centers car-
ing for such patients in the absence of HHV-6 disease.
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