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Abstract 

Human herpesvirus-6 (HHV-6) is a major cause of limbic encephalitis with a dismal 

prognosis after allogeneic hematopoietic stem cell transplantation (SCT). Since our 

previous trial of preemptive therapy with foscarnet sodium (PFA) failed to prevent 

HHV-6 encephalitis, we conducted a prospective study to examine the safety of 

prophylactic PFA administration and elucidate the changes in the plasma HHV-6 DNA 

levels in the early post-SCT period. Plasma HHV-6 DNA was measured thrice weekly 

from day 6. PFA, 90 mg/kg/day, was administered from days 7 to 21 after bone marrow 

or peripheral blood stem cell transplantation and to 25 after umbilical cord blood 

transplantation. Of the 10 patients enrolled, two dropped out of the study due to early 

death and a low glomerular filtration rate. Grade 3 or greater adverse events occurred in 

9 of the 10 prophylactic PFA patients and in 7 of the 10 control patients who had 

clinical backgrounds similar to the study subjects and underwent SCT during the same 

period. Neurological disorders developed in none of the study subjects but in 4 of the 10 

control patients, including 2 with HHV-6 encephalitis. HHV-6 reactivation occurred in 3 

of 10 study subjects. The prophylactic PFA regimen was thus safe and it may reduce the 

risk of limbic encephalitis, but is not considered to be potent enough to prevent HHV-6 

reactivation. 
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Introduction 

Human herpesvirus-6 (HHV-6) is a major cause of limbic encephalitis with a dismal 

prognosis after allogeneic hematopoietic stem cell transplantation (allo-SCT) (1). It was 

previously a rare complication after conventional allo-SCT, however, the incidence has 

been increasing as the number of alternative grafts, such as umbilical cord blood 

transplantation (UCBT), has increased (2). Currently, foscarnet sodium 

(phosphonoformic acid, PFA) and ganciclovir (GCV) are available in Japan for the 

treatment of HHV-6 infection, and PFA is thought to be preferable during the early post 

SCT period because of its lower toxicity for bone marrow (BM) (3). We previously 

conducted a prospective multicenter study to assess the safety and efficacy of 

preemptive therapy with PFA for the prevention of HHV-6 encephalitis, because the 

safety of PFA administration during neutrophil engraftment had not been established in 

UCBT recipients (4). This study revealed the safety of PFA administration beginning 

around day 15 after SCT or later; however, this strategy could not entirely prevent 

HHV-6-induced encephalitis. Based on these findings, we have started to consider 

prophylactic administration of PFA, but the safety of PFA administration before 

neutrophil engraftment after SCT has not yet been examined. We therefore designed a 

prospective institutional study to assess the safety of PFA administration in the early 
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post-SCT period. We herein present data on a matched-pair analysis comparing the 

patients who received the prophylactic PFA administration with those who did not 

receive such PFA treatment. 

 

Patients and Methods 

Endpoint of this study 

This study was conducted primarily to assess the incidence of adverse events (AEs) 

associated with PFA administration in the early post-SCT period. The secondary 

endpoint was to follow the change of the amount of plasma HHV-6 DNA and to assess 

the efficacy of the prophylactic administration of PFA for the HHV-6 DNAemia. 

 

Study design 

Eligible patients were aged from 16 to 75 years with hematologic disorders refractory to 

conventional therapy and were considered to require allo-SCT from alternative grafts 

such as an HLA-mismatched relative, an unrelated donor, or UCBT due to the 

unavailability of an HLA-matched relative between February 2009 and March 2010 at 

Kanazawa University Hospital. The study was offered to all HCT recipients who met 

the inclusion criteria, and the patients who agreed to join this study were enrolled. 
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Written informed consent was obtained from all subjects according to the Declaration of 

Helsinki, and this study protocol was approved by the institutional ethics committee 

(#5537). This trial was registered in the UMIN Clinical Trials Registry (UMIN-CTR; 

http://www.umin.ac.jp/ctr/index.htm) under identifier UMIN000001706. HLA matching 

was evaluated with molecular typing. Patients with high serum creatinine levels and/or a 

lower estimated glomerular filtration rate greater than grade 2, and/or other organ 

dysfunctions greater than grade 3 defined by the Common Terminology Criteria ver.3.0 

for Adverse Events (CTCAE) of the National Cancer Institute, USA, were excluded. 

Regimens for preconditioning and prophylaxis for graft-versus-host disease (GVHD) 

were not specified. Peripheral blood samples were obtained every Monday, Wednesday, 

and Friday from day 6 to day 28 after BM transplantation (BMT) or peripheral blood 

stem cell transplantation (PBSCT) from unrelated donors or HLA-mismatched relatives 

and day 6 until day 35 after UCBT. Frozen plasma samples were sent to SRL, Inc 

(Tokyo, Japan) to measure the amount of HHV-6 DNA using a real-time quantitative 

PCR method the following day (5) (6). This system could detect both HHV-6 variant A 

and variant B, but it could not distinguish between them. Prophylactic administration of 

PFA at 90 mg/kg/day was started from day 7 and continued for 14 days after BMT or 

PBSCT and was administered from day 7 for 18 days after UCBT. In case HHV-6 
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DNAemia developed during the PFA administration, PFA was extended until HHV-6 

DNA became negative on 3 consecutive occasions. If a patient’s creatinine clearance 

fell below 1.4 ml/min/kg, the PFA dose was reduced according to the manufacturer’s 

instructions. The administration of other antiviral agents, such as acyclovir and GCV, 

was discontinued during the PFA administration period. AEs developing during the test 

period were evaluated by the CTCAE ver.3.0. The last 10 patients that received SCT by 

the end of March 2010 and met all of the criteria noted above except for PFA 

administration by day 35 after SCT, were selected as a control group for a matched-pair 

analysis to eliminate any possible bias. This group consisted of patients who were 

transplanted before and after the study period and those who refused to participate in the 

study. 

 

Definition of HHV-6 encephalitis 

The diagnosis of HHV-6 encephalitis was made by a neurologist based on a positive 

result for HHV-6 DNA in cerebrospinal fluid and the presence of neurologic symptoms 

such as paresthesia, confusion, seizure and consciousness disturbance (2). When 

cerebrospinal fluid was not available for the examination of HHV-6 DNA, the diagnosis 
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was made based on the findings compatible with limbic encephalitis according to the 

magnetic resonance (MR) imaging findings and the presence of HHV-6 DNAemia. 

 

Statistical analysis 

The following variables related to patients and their clinical data were compared among 

the groups using the Mann-Whitney U test: age, date of WBCs > 0.1  109/l, and date of 

neutrophils > 0.5  109/l. All P values were two-sided with values < 0.05 being 

considered statistically significant. These analyses were performed using JMP® ver. 7.0 

(SAS Institute Inc., Cary, NC, USA). 

 

Results 

Patients’ characteristics 

A total of 10 patients were enrolled this study. The characteristics of these patients and 

the 10 patients enrolled as the control group are summarized in Table 1; the median age 

of the tested patients was younger than the control patients (40 years for prophylactic 

PFA patients vs. 51 years for control patients), but there were no significant differences 

between the groups. The underlying disease in the prophylactic PFA patients were 6 

acute leukemias, 1 myelodysplastic syndrome (MDS) and 3 lymphomas, while there 
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were 5 acute leukemias, 2 MDS and 3 lymphomas in the patients of the control group. 

Approximately half of the patients had reached complete remission and received 

myeloablative conditioning prior to SCT in both of the groups. Most of the patients 

received BM grafts from an unrelated donor, except 2 SCT that were from mismatched 

siblings and 2 UCBT in the prophylactic PFA patients. Eight of the 10 patients in each 

group received cyclosporine for GVHD prophylaxis. 

 

Toxicities of prophylactic PFA administration 

Two patients dropped out of this study due to AEs; one patient died due to 

transplant-related complications (bacterial pneumonia) and another patient was grade 2 

low glomerular filtration rate. Two patients required dose reduction of PFA because of 

creatinine increase (grade 2 in 1 patient and grade 1 in 1 patient). AEs graded greater 

than 3 by CTCAE were observed in 9 of the 10 patients who received prophylactic PFA 

and in 7 of the 10 patients in the control group (Table 2). Noticeable AEs in 

prophylactic PFA patients were infection and cellulitis; mortal pneumonia in 1 patient, 

bacteremia in 2 patients, bacterial cystitis in 1 patient and viral cystitis in 1 patient. 

These AEs were improved, except for the grade 5 pneumonia, after appropriate therapy. 

Renal dysfunction, a characteristic AE caused by PFA, occurred less frequently in the 
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PFA patients (2 with grade 2) than in the control group (grade 4 in 1 patient and grade 2 

in 4 patients). The patient with grade 4 renal dysfunction developed uncontrollable 

aGVHD (grade 4) complicated by a critical infection, thus leading to the onset of 

drug-induced renal failure, due to the administration of antibiotics and cyclosporine. A 

non-infectious pulmonary complication (grade 3) developed in 1 PFA patient, who 

transiently required oxygen inhalation for 3 weeks and thus was withdrawn from the 

study. Of interest, disturbance of consciousness was not seen in any of the patients 

receiving prophylactic PFA administration, but was seen in 4 of the 10 patients in the 

control group, including 2 patients diagnosed with HHV-6 encephalitis. 

 

Clinical significance of prophylactic PFA administration and the development of 

HHV-6 DNAemia 

We have summarized the clinical information of the patients, dividing them into 2 

groups; patients who received prophylactic PFA administration and control patients 

(Table 3). No differences were observed between the 2 groups in terms of the period 

from SCT to achieving neutrophils > 0.5  109/l and WBCs > 0.1  109/l, and the 

development of acute GVHD. 
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 Of the 10 patients who received prophylactic PFA administration, 3 patients 

developed HHV-6 DNAemia between day 18 and day 23 after SCT. The highest 

HHV-6 DNA copy number in these 3 patients was 6.4 x 103/ml. Two of the 3 patients 

(UPN 102 and UPN 110) were detected to have HHV-6 DNA during PFA 

administration, and the PFA treatment was extended until HHV-6 DNA disappeared 

from their plasma (Figure 1a). The other patient (UPN109) was observed to have 

HHV-6 DNAemia 3 days after cessation of PFA, and the HHV-6 DNA disappeared in 4 

days with no additional PFA administration (Figure 1b). None of the patients who 

received prophylactic PFA administration developed neurological symptoms, thus 

suggesting the occurrence of HHV-6 encephalitis during the test period. However, 3 of 

4 control patients who experienced neurological symptoms were positive for HHV-6 

DNA in their plasma, including 2 patients diagnosed as having HHV-6 encephalitis 

(Table 3). The cerebrospinal fluid was examined in 2 of the 3 control patients who were 

positive for plasma HHV-6 DNA. One patient was positive (UPN C3) for HHV-6 DNA 

and the other was negative (UPN C15). 

 Figure 2 shows the MR images of a control patient (UPN C3) who developed 

limbic encephalitis; hallucination and short-term memory loss were observed on day 20, 

and a seizure following a coma occurred on day 22 after BMT. Only 1.2 x 102/ml of the 



12 
 

HHV-6 DNA was detected in the patient’s plasma on day 26, which thus indicates a 

diagnosis of HHV-6 encephalitis at that time. However, the MR images on day 27 

revealed symmetric enhancement of the limbic cortex on fluid-attenuated 

inversion-recovery (FLAIR) imaging (Figure 2A) and the positive result for HHV-6 

DNA in cerebrospinal fluid on day 28 indicated that the etiology of these neurologic 

symptoms was HHV-6 encephalitis. The level of consciousness and the MR findings of 

the patients slowly improved (Figure 2B), but the short-term memory loss remained. 

 

Discussion 

The results of an in vitro study showed that PFA and cidofovir were superior to GCV 

for the treatment of HHV-6 infection (7, 8). PFA was selected as an anti-HHV-6 agent 

because cidofovir was not authorized in Japan and PFA had lower BM toxicity than 

GCV (9). A few papers have so far been published regarding the safety and efficacy of 

PFA for cytomegalovirus infection after SCT (3) (10) (11). However, most of the 

patients enrolled in these studies were administered PFA around day 30 or later after 

SCT, and the investigators were unable to evaluate the influence of PFA on 

hematopoiesis before neutrophil engraftment. In contrast to GCV, PFA administration 

is not usually associated with BM suppression; however, it is possible that it may 
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impair hematopoietic stem cell engraftment when it is used soon after transplantation. 

In addition, the administration of PFA in the early SCT period with intensive 

multidrug therapy might cause more severe renal dysfunction than conventional use. 

The current study showed that administration of PFA had little impact on 

hematopoiesis after SCT, suggested by the equivalence of WBCs and neutrophil 

recovery between the treatment and control groups. Also, the number of patients who 

developed renal dysfunction and electrolyte abnormalities as AEs in the PFA-treated 

group was not higher than in the control group, although 2 patients needed dose 

reduction of PFA, thus indicating the safety of PFA administration during this period. 

We considered that the higher frequency of infectious events in PFA-treated patients 

compared to the untreated patients might have been caused by the differences in the 

graft source for SCT; the PFA-treated patients received HLA-mismatched grafts and 

UCB, while all of the untreated patients were grafted with BM from an unrelated 

donor. 

 Although many clinicians have recognized the risk of HHV-6 encephalitis, 

strategy for preventing HHV-6 encephalitis have not been established. Two previous 

reports showed the efficacy of prophylactic GCV from the time of neutrophil 

engraftment (12) (13); but only 1 UCBT recipient was included in this study. Ogata et 
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al. has documented that a preemptive approach consisting of HHV-6 DNA 

measurement in peripheral blood once a week and starting PFA administration in cases 

where the HHV-6 DNA exceeded 1.0 x104/ml was insufficient (14). Our previous 

study, consisting of HHV-6 DNA measurement in peripheral blood three times per 

week from day 7 after SCT and starting PFA administration when the amount of 

HHV-6 DNA increased to greater than 5 x 102/ml, also failed to prevent encephalitis, 

and it was concluded that prophylactic PFA administration from day 7 or earlier until 

day 20 after SCT would be necessary (4). The current results shows that the 90 mg/kg 

dose of prophylactic PFA beginning from day 7 after SCT is safe with tolerable AEs, 

and that it could be effective for the prevention of HHV-6 encephalitis. The 

development of HHV-6 DNAemia could not be entirely prevented, but all 3 positive 

cases had less than 1.0 x105/ml of HHV-6 DNA, a level that indicates the development 

of limbic encephalitis (15). Therefore, these levels of HHV-6 DNA observed in 

patients who received PFA prophylaxis, which were lower than described in previous 

reports, might therefore reflect the efficacy of prophylactic PFA administration. 

Meanwhile, 1 of the 2 control patients who developed limbic encephalitis showed a 

significantly high copy number of HHV-6 DNA (> 1.0 x105/ml), which was 

characteristic of HHV-6 encephalitis; however, the other case showed only 1.2 x 
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102/ml of HHV-6 DNA in his plasma. These two cases may differ due to the timing of 

the examination of HHV-6 DNA, because the HHV-6 DNA copy number dramatically 

changed within a couple of days (4, 15) . The current study examined the plasma 

HHV-6 just after the appearance of the initial neurologic symptoms in the former case, 

but 6 days after the initial symptoms in the latter case, which may have missed the 

peak of the HHV-6 DNA. 

 In the current study, the reactivation of HHV-6 occurs around the time of 

neutrophil engraftment; however, all 3 PFA-treated cases positive for HHV-6 DNA in 

the plasma developed on and after neutrophil engraftment, despite the fact that 5 of 7 

UCBT patients developed HHV-6 DNAemia on and before neutrophil engraftment in 

our previous study. These results suggest that the prophylactic PFA administration 

may delay the development of HHV-6 DNAemia for a few days, signifying that its 

development is avoided in the early period after SCT, which might lead to decreased 

transplant-related mortality. 

 The current study was a small trial designed to evaluate the safety of 

prophylactic PFA administration early after SCT before neutrophil engraftment. The 

results achieved the primary endpoint. This strategy may reduce the risk of limbic 

encephalitis, though it may not be able to entirely prevent HHV-6 reactivation. 
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Although our present study failed to establish sufficient clinical evidence because of 

the shortage of cases, our results are thus considered to provide the basis for the design 

of a large-scale prospective study with many patients, to compare the efficacy and 

safety between preemptive therapy and prophylactic therapy by PFA, to prevent 

HHV-6 disease in allo-SCT recipients. 

 

Acknowledgements 

The authors would like to thank Ms. Rie Ohumi, Cellular Transplantation Biology, 

Division of Cancer Medicine, Kanazawa University Graduate School of Medical 

Science, and Kiyotaka Miyamoto and Shoichi Ishino, SRL Inc., for their excellent 

technical assistance. We are also indebted to the inpatient and outpatient nursing teams 

and support staff for the excellent care they provided to our patients and their families. 

 

 

 

 



17 
 

References 

1. Zerr DM, Gupta D, Huang ML, Carter R, and Corey L. Effect of antivirals on 

human herpesvirus 6 replication in hematopoietic stem cell transplant recipients. 

Clin Infect Dis 2002; 34(3): 309-317. 

2. Fujimaki K, Mori T, Kida A et al. Human herpesvirus 6 meningoencephalitis in 

allogeneic hematopoietic stem cell transplant recipients. Int J Hematol 2006; 

84(5): 432-437. 

3. Wang H, Zhu L, Xue M, Liu J, and Guo Z. Low-dose foscarnet preemptive 

therapy for cytomegalovirus viremia after haploidentical bone marrow 

transplantation. Biol Blood Marrow Transplant 2009; 15(4): 519-520. 

4. Ishiyama K, Katagiri T, Hoshino T, Yoshida T, Yamaguchi M, and Nakao S. 

Preemptive therapy of human herpesvirus-6 encephalitis with foscarnet sodium 

for high-risk patients after hematopoietic SCT. Bone Marrow Transplant. 

5. Kimura H, Morita M, Yabuta Y et al. Quantitative analysis of Epstein-Barr virus 

load by using a real-time PCR assay. J Clin Microbiol 1999; 37(1): 132-136. 

6. Tanaka N, Kimura H, Hoshino Y et al. Monitoring four herpesviruses in 

unrelated cord blood transplantation. Bone Marrow Transplant 2000; 26(11): 

1193-1197. 

7. De Clercq E, Naesens L, De Bolle L, Schols D, Zhang Y, and Neyts J. Antiviral 

agents active against human herpesviruses HHV-6, HHV-7 and HHV-8. Rev 

Med Virol 2001; 11(6): 381-395. 

8. De Clercq E and Naesens L. In search of effective anti-HHV-6 agents. J Clin 

Virol 2006; 37 Suppl 1: S82-86. 

9. Pohlmann C, Schetelig J, Reuner U et al. Cidofovir and foscarnet for treatment 

of human herpesvirus 6 encephalitis in a neutropenic stem cell transplant 

recipient. Clin Infect Dis 2007; 44(12): e118-120. 



18 
 

10. Shereck EB, Cooney E, van de Ven C, Della-Lotta P, and Cairo MS. A pilot 

phase II study of alternate day ganciclovir and foscarnet in preventing 

cytomegalovirus (CMV) infections in at-risk pediatric and adolescent allogeneic 

stem cell transplant recipients. Pediatr Blood Cancer 2007; 49(3): 306-312. 

11. Narimatsu H, Kami M, Kato D et al. Reduced dose of foscarnet as preemptive 

therapy for cytomegalovirus infection following reduced-intensity cord blood 

transplantation. Transpl Infect Dis 2007; 9(1): 11-15. 

12. Rapaport D, Engelhard D, Tagger G, Or R, and Frenkel N. Antiviral prophylaxis 

may prevent human herpesvirus-6 reactivation in bone marrow transplant 

recipients. Transpl Infect Dis 2002; 4(1): 10-16. 

13. Tokimasa S, Hara J, Osugi Y et al. Ganciclovir is effective for prophylaxis and 

treatment of human herpesvirus-6 in allogeneic stem cell transplantation. Bone 

Marrow Transplant 2002; 29(7): 595-598. 

14. Ogata M, Satou T, Kawano R et al. Plasma HHV-6 viral load-guided preemptive 

therapy against HHV-6 encephalopathy after allogeneic stem cell 

transplantation: a prospective evaluation. Bone Marrow Transplant 2008; 41(3): 

279-285. 

15. 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. 

 

Figure legends 

Figure 1. Development of HHV-6 DNAemia in patients during (a, UPN 102) and after 

(b, UPN 109) PFA administration. The columns represent copy numbers of HHV-6. 

WBC, white blood cell count; PFA, phosphonoformic acid (foscarnet). 
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Figure 2. Magnetic resonance images of the brain of the patient who developed limbic 

encephalitis (UPN C3). Both of the images were taken by fluid-attenuated 

inversion-recovery (FLAIR) at the level of the basal ganglia. A; day 27 after SCT, B; 

day 38 after SCT. 














