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Benefit of Long-term Valacyclovir Therapy

John W. Gnann Jr,'? Birgit Skoldenberg,? John Hart,? Elisabeth Aurelius,? Silvia Schliamser,* Marie Studahl,’
Britt-Marie Eriksson,*® Daniel Hanley,’ Fred Aoki,® Alan C. Jackson,*® Paul Griffiths,” Lil Miedzinski,"

Diane Hanfelt-Goade,'>® Daniel Hinthorn,” Clas Ahlm," Allen Aksamit,"® Salvador Cruz-Flores,'®® llet Dale,’
Gretchen Cloud,' Penelope Jester,' and Richard J. Whitley"; for the National Institute of Allergy and Infectious
Diseases Collaborative Antiviral Study Group

'University of Alabama at Birmingham; “Karolinska Institute, Karolinska University Hospital, Stockholm, Sweden; 2University of Texas at Dallas;
“Skane University Hospital, Lund, ®Gothenburg University, and ®Uppsala University, Sweden; “Johns Hopkins University, Baltimare, Maryland; 8University
of Manitoba, Winnipeg, and ®Queen’s University, Kingston, Ontario, Canada; "®University College London, United Kingdom; "'University of Alberta
Hospital, Edmonton, Canada; '“University of New Mexico, Albuquerque, and "*University of Kansas, Kansas City; *Umea University, Sweden; *Mayo
Clinic, Rochester, Minnesota, and '®St Louis University, Missouri

(See the Editorial Commentary by Tyler on pages 692-4.)

Background. Despite the proven efficacy of acyclovir (ACV) therapy, herpes simplex encephalitis (HSE) contin-
ues to cause substantial morbidity and mortality. Among patients with HSE treated with ACV, the mortality rate is
approximately 14%-19%. Among survivors, 45%-60% have neuropsychological sequelae at 1 year. Thus, improving
therapeutic approaches to HSE remains a high priority.

Methods. Following completion of a standard course of intravenous ACV, 87 adult patients with HSE
(confirmed by positive polymerase chain reaction [PCR] for herpes simplex virus DNA in cerebrospinal fluid)
were randomized to receive either valacyclovir (VACV) 2 g thrice daily (n =40) or placebo tablets (n=47) for 90
days (12 tablets of study medication daily). The primary endpoint was survival with no or mild neuropsychological
impairment at 12 months, as measured by the Mattis Dementia Rating Scale (MDRS). Logistic regression was uti-
lized to assess factors related to the primary endpoint.

Results. The demographic characteristics of the 2 randomization groups were statistically similar with no significant
differences in age, sex, or race. At 12 months, there was no significant difference in the MDRS scoring for VACV-treated
vs placebo recipients, with 85.7% and 90.2%, respectively, of patients demonstrating no or mild neuropsychological
impairment (P =.72). No significant study-related adverse events were encountered in either treatment group.

Conclusions. Following standard treatment with intravenous ACV for PCR-confirmed HSE, an additional
3-month course of oral VACV therapy did not provide added benefit as measured by neuropsychological testing
12 months later in a population of relatively high-functioning survivors.

Clinical Trials Registration. NCT00031486.
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Herpes simplex encephalitis (HSE) is a rare disease with
an incidence of 1 case per 250 000-500 000 individuals
per year [1-3]. Nonetheless, HSE remains the most
common cause of sporadic fatal encephalitis [4-9].

More than 90% of cases are caused by herpes simplex
virus (HSV) type 1 [10, 11]. In adults, HSE classically
presents as acute necrotizing encephalitis with initial le-
sions localizing to the temporal region unilaterally.
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Without effective antiviral therapy, HSE mortality exceeds 70%,
and <10% of patients return to normal neurologic function
[12]. Common sequelae include memory impairment, person-
ality and behavioral abnormalities, and seizures.

Studies in the 1980s demonstrated benefit from therapy with
vidarabine and subsequently with acyclovir (ACV), with reduc-
tion in mortality to approximately 19%-28% [1,2, 12]. With the
advent of reliable molecular diagnostic tests [13, 14] and longer
durations of intravenous ACV therapy (14-21 days), mortality
has been reduced to approximately 14%-19% [3, 15-19]. Over-
all, the proportion of survivors who have no or mild neurolog-
ical impairment and are able to resume activities of daily living
is approximately 40%-55%. Thus, even with optimal medical
management, long-term morbidity among HSE survivors re-
mains unacceptably high [16, 20-22].

We hypothesized that persistent low-level HSV replication in
the central nervous system (CNS) following intravenous ACV
therapy could result in a chronic inflammatory response, through
either direct viral cytotoxicity or immune-mediated mechanisms
[23-25]. This study of high-dose oral valacyclovir (VACV) com-
pared with a placebo administered for 90 days was designed to test
the hypothesis that extended antiviral therapy would result in re-
duced neuropsychological morbidity and improved outcomes.

METHODS

From 2000 to 2009, we conducted a prospective, randomized,
double-blind, placebo-controlled trial of adjunctive VACV ther-
apy for HSE. This multinational study was performed by the
National Institute of Allergy and Infectious Diseases Collabora-
tive Antiviral Study Group (CASG; study number 204). Active
study sites were located in the United States, Canada, England,
and Sweden. Immunocompetent subjects >12 years of age with
signs and symptoms of encephalitis were screened at the time of
initial clinical presentation. Those who were confirmed to have
HSE by detection of HSV DNA in the cerebrospinal fluid (CSF)
by polymerase chain reaction (PCR) were reassessed for study
eligibility after completing 14-21 days of intravenous ACV.
Written informed consent was obtained from each participating
patient or legal guardian. Patients were randomized to either 2 g
of VACV daily (administered as four 500-mg tablets 3 times
daily) or identical placebo tablets for 90 days.

The primary endpoint was survival with no or mild neuro-
psychological impairment at 12 months after the initiation of
study medication, as measured by the Mattis Dementia Rating
Scale (MDRS). Secondary endpoints included survival with no
or mild neuropsychological impairment at 90 days and 6, 12,
and 24 months as measured by the MDRS, the Mini-Mental
State Examination (MMSE), and the Glasgow Coma Scale
(GCS). The impact on quality of life (QOL) was assessed
using the 36-Item Short-Form Health Survey (SF-36).

Study Population

Individuals >12 years of age with PCR-confirmed HSE were eligi-
ble for enrollment and randomization if the subject or legal guard-
ian provided informed consent. Initial PCR analysis of CSF was
performed at the participating sites and results were confirmed
at the CASG Central Laboratory at the University of Alabama at
Birmingham. Patients were required to complete 14-21 days of in-
travenous ACV therapy at a minimum dose of 30 mg/kg/day (or as
adjusted for creatinine clearance). Other inclusion criteria included
expectation for successful follow-up for 24 months, patient weight
>45.5 kg, and a negative pregnancy test for female patients. Exclu-
sion criteria included HSV meningitis only; anticipated life expec-
tancy of <90 days; inability to swallow pills at the time of study
randomization; creatinine clearance of <50 mL/minute/1.73 m*
(as calculated using the Jelliffe equation); receipt of an alternative
antiherpesvirus medication (eg, ganciclovir, foscarnet) for acute
therapy; expectation for long-term (>30 days/year) antiherpesvi-
rus therapy for other indications; and/or individuals >3 days be-
yond completion of the treatment course with intravenous ACV.

Study Procedures

Samples were collected at each clinic visit during the drug treat-
ment phase for safety laboratory assessments (complete blood
count with differential, platelet count, blood urea nitrogen,
creatinine, glucose, aspartate aminotransferase, alanine amino-
transferase, total bilirubin, alkaline phosphatase, and urinalysis).
Adverse events were assessed throughout the first 6 months of
study participation. Serious adverse clinical events were reported
directly to the Central Unit at the University of Alabama at Bir-
mingham within 48 hours of knowledge of the occurrence. Dur-
ing the treatment period, the National Institutes of Health (NIH)
Stroke Scale was performed at baseline; on days 7, 14, 28, 42, 56,
70, and 90; and at 6, 12, and 24 months. Neuropsychological
evaluations (MDRS, MMSE, GCS, and SF-36) were performed
at baseline (day 0, first day of study drug administration), 90
days, 6 months, 12 months, and 24 months.

The MDRS, a brief psychometric instrument designed to assess
the nature and severity of dementia, was employed to measure
cognitive changes. Based on guidance from the literature, cut-
points for severity of impairment as measured by the MDRS
were established prior to the study: very severe, <86; severe, 87—
113; moderate, 114-120; mild, 121-138; none/normal, 139-144.
Similarly, severity cut-points for the MMSE were established:
very severe, <10; severe, 11-15; moderate, 16-22; mild, 23-26;
none/normal, 27-30. The SF-36 QOL survey is based on domains
of subject-reported physical health and mental health; the QOL
score is the sum of the physical and mental health scores.

Statistical Analyses
This study was designed to test the null hypothesis that the pro-
portion of randomized study subjects who survived at 1 year
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with no or mild impairment (as defined by MDRS) would be
the same for the treated and placebo groups vs the alternative
hypothesis that they would differ. Based on previous reports,
the proportion of HSE patients receiving standard-of-care
treatment who survived with no or mild impairment was esti-
mated to be approximately 60%; we projected that this propor-
tion would increase to 85% among study subjects receiving
VACV. With an 80% power and a 2-sided type I error of 5%,
50 evaluable subjects per group was planned. A 20% dropout
rate was estimated, thus increasing the sample size to 60 per
group. The randomization allotments were computer-generat-
ed, blocked, and stratified for each enrolling country. The ran-
domization scheme was maintained by the CASG Biostatistics
Unit and was kept confidential until after the database closed.
An independent data and safety monitoring board (DSMB)
monitored this trial utilizing the Lan-DeMets stopping bound-
aries to assess increased efficacy between the 2 arms of the
study. In addition, a futility analysis was provided at each in-
terim analysis.

An intent-to-treat analysis of all subjects receiving at least 1
dose of study drug was performed. Demographic and baseline
characteristics of the 2 treatment groups were compared using
Fisher exact test for categorical factors and the Kruskal-Wallis
test for continuous factors. The primary endpoint for the 2 ran-
domized groups was compared using Fisher exact test. Univar-
iate logistic analysis was performed to assess the relationship of
baseline (including treatment allocation) and demographic fac-
tors on the primary endpoint. A multivariate analysis utilizing
only those factors with P <.15 from the univariate analyses,
along with the treatment allocation, was then performed.
McNemar test was used to compare baseline dichotomous
MDRS impairment groups vs the 12-month groups for subjects
with both baseline and 12-month assessments.

Ethical and Regulatory Issues

The clinical trial was conducted in accordance with the ethical
standards of the Helsinki Declaration. The protocol required
approval at each institution by the local institutional review
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Consolidated Standards of Reporting of Trials (CONSORT) diagram demonstrating disposition of screened and enrolled subjects.
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board or ethics committee before enrollment could proceed.
Written informed consent was obtained from each patient or
legal guardian. Performance of the protocol was overseen by
an independent DSMB. North American sites were monitored
by CASG personnel under the direction of the Data Coordinating
Center; sites in the United Kingdom and Sweden were monitored
by a contracted clinical research organization (Pharmaceutical
Product Development, LLC).

RESULTS

Population Demographics

Patients were enrolled at 15 sites (5 in Sweden, 1 in England, 9
in North America) from 2000 to 2009. A total of 420 subjects
were screened for eligibility, of whom 91 provided informed
consent (Figure 1). Subjects were enrolled from Sweden (57
[63%]), the United States (16 [18%]), Canada (15 [16%]), and
the United Kingdom (3 [3%]). The most common criterion for
excluding screened patients from enrollment was the absence of
HSV DNA in the CSF as measured by PCR. Of the 91 patients
consented, 4 were never randomized.

The DSMB recommended termination of the study for futil-
ity after reviewing data on the first 89 enrolled subjects. The
DSMB determined that efficacy as defined by the primary end-
point could not be demonstrated within the projected sample
size. Thus, these analyses are performed on 87 randomized sub-
jects rather than the planned 100.

Forty subjects were randomized to receive VACV and 47 to
receive placebo (Figure 1). Among randomized subjects, 36 of
40 in the VACV arm received at least 1 dose of study medica-
tion, as did 43 of 47 in the placebo group; these 79 subjects are
included in the intent-to-treat analysis. Eleven subjects
discontinued investigational therapy prematurely. Data from
these subjects are included in the database until time of termi-
nation. Sixty-eight subjects (86% of those who received study
medications) completed protocol requirements. Proportions
of subjects completing the protocol were not different between
the VACV (n=32) and placebo (n=36) arms (P=.75).
Adherence to study medications, as assessed by pill counts,
was >95%.

The majority of subjects were white, reflecting the preponder-
ance of participants from Sweden. The subjects were approxi-
mately equally divided between males (54%) and females
(46%). The median age was 55 years (Table 1).

Baseline Test Results

The baseline scores for the 5 domains of the MDRS are shown
in Table 2. At the time of randomization, 68% of VACV recip-
ients and 61% of placebo recipients had no or mild cognitive
impairment (P =.63).

The median baseline score for GCS for the 2 randomization
groups was 15, with a range of 12-15 for VACV recipients, and
6-15 for placebo recipients (P =.71). All of the VACV recipients
and 41 of 43 placebo recipients scored GCS >12, indicating no

Table 1. Demographic Characteristics
All Randomized Subjects Intent-to-Treat Subset®
Total VACV Placebo Total VACV Placebo
Characteristics (N=87) (n=40) (n=47) P Value* (N=79) (n=36) (n=43) P Value*
Race, No. (%)
White, non-Hispanic 83 (95.4) 40 (100) 43 (91.5 .50 75 (94.0) 36 (100) 39 (90.7) .50
African American 1(1.1) 0 (0.0) 1(2.1) 1(1.3) 0 (0.0 1(2.3)
Asian or Pacific Islander 2(2.3) 0 (0.0) 2 (4.3) 2 (2.5) 0 (0.0) 2 (4.7)
Native American or Alaskan 1(1.1) 0 (0.0) 1(2.1) 1(1.3) 0 (0.0) 1(2.3)
Sex, No. (%)
Male 47 (54.0) 20 (50.0) 27 (57.4) .52 43 (54.4) 19 (52.8) 24 (55.8) .82
Female 40 (46.0) 20 (50.0) 20 (42.6) 36 (45.6) 17 (47.2) 19 (44.2)
Age at enrollment, y
Median 55.0 58.5 56.0 .28 54.0 52.0 55.0 41
Range 14.0-83.0 14.0-77.0 26.0-83.0 14.0-80.0 14.0-77.0 26.0-80.0
Duration of HSE, d°
Median 4.0 4.0 4.0 .20 4.0 5.0 4.0 A7
Range 0.0-28.0 0.0-23.0 0.0-28.0 0.0-28.0 0.0-23.0 0.0-28.0
No. 84 38 46 78 35 43

Abbreviations: HSE, herpes simplex encephalitis; VACV, valacyclovir.
@ Subjects who received at least 1 dose of study medication.
® Duration of symptoms prior to initiation of intravenous acyclovir therapy.

* Pvalue by Fisher exact test for categorical data and by Kruskal-Wallis test for continuous data.
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Table 2. Baseline Mattis Dementia Rating Scale®

Test Domain Total (N=79) VACV (n =36) Placebo (n =43) P Value*
Attention
Median 36.0 36.0 36.0 46
Range 0.0-37.0 0.0-37.0 0.0-37.0
No. 75 34 41
Initiation and perseveration
Median 30.5 28.5 31.0 22
Range 0.0-99.0 0.0-37.0 0.0-99.0
No. 74 34 40
Construction
Median 6.0 6.0 6.0 .20
Range 0.0-6.0 0.0-6.0 0.0-6.0
No. 72 33 39
Conceptualization
Median 37.0 37.0 35.0 31
Range 0.0-39.0 0.0-39.0 0.0-39.0
No. 73 34 39
Memory
Median 20.0 20.0 19.0 .62
Range 0.0-25.0 0.0-25.0 1.0-25.0
No. 73 34 39
Total score
Median 126.0 126.5 126.0 .89
Range 0.0-144.0 0.0-143.0 1.0-144.0
No. 75 34 41
Overall level of impairment, No. (%)
Moderate/severe/very severe (<121) 27 (36.0) 11 (32.4) 16 (39.0) .63
No/mild (score from 121-144) 48 (64.0) 23 (67.6) 25 (61.0)

Abbreviation: VACV, valacyclovir.

@ Test administered prior to initiation of study medication. Data missing for 4 subjects.

* Pvalue by Kruskal-Wallis for continuous data.

or mild impairment. The baseline MMSE demonstrated that
61% (22 of 36) and 63% (27 of 43) of VACV and placebo recip-
ients had no or mild impairment at baseline (score >23;
P =.99). No differences were detected in baseline status for
the NIH Stroke Scale. The median total scores on the SF-36
QOL survey for the 2 randomization groups were 392 and
344, respectively, for VACV and placebo recipients (P =.88).
Neither the GCS nor the NIH Stroke Scale provided insight
into baseline vs 1-year outcomes and will not be further
discussed.

Outcomes

Mattis Dementia Rating Scale

In the follow-up phase, 76 of 79 subjects had MDRS evaluations
at 12 months (Table 3). At day 90, 89% of VACV recipients and
81% of placebo recipients had no or mild impairment (score
121-144); at 12 months, the figures were 86% (30 of 35 subjects)
and 90% (37 of 41 subjects), respectively. Of note, these

percentages did not change significantly between 12 and 24
months of follow-up. None of these differences are statistically
significant.

Thus, the proportion of total subjects with no or mild impair-
ment as measured by MDRS increased from 64% at baseline to
88% at 12 months. The preponderance of the improvement was
seen between baseline and day 90.

Mini-Mental State Examination
In the follow-up phase, 68 of 79 subjects were tested by MMSE
at 12 months (Table 4). At day 90, 90% of VACV recipients and
86% of placebo recipients had no or mild impairment (MMSE
>23); at 12 months, the figures were 88% and 86%, respectively.
At 24 months, the frequency of no or mild impairment was 88%
and 94% in the VACV and placebo groups, respectively. None of
these differences were statistically significant.

Thus, the proportion of total subjects with no or mild impair-
ment as measured by MMSE increased from 65% at baseline to
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Table 3. Mattis Dementia Rating Scale Level of Impairment Across
Follow-up Visits®

Table 4. Mini-Mental State Examination Level of Impairment
Across Follow-up Visits

Total VACV Placebo P Total VACV Placebo P
Level of Impairment (N=79) (n=236) (n=43) Value* Level of Impairment (N=79) (n=236) (n=43) Value*
Baseline (begin study drug) Baseline: begin study drug
Moderate/severe/very 27 (36.0) 11 (32.4) 16 (39.0) Moderate/severe/fvery 26 (34.7) 12 (35.3) 14 (34.1)
severe (<121) severe (<23)
No/mild (121-144) 48 (64.0) 23 (67.6) 25 (61.0) No/mild (23-30) 49 (65.3) 22 (64.7) 27 (65.9)
Day 90 (complete study drug) Day 90: complete study drug
Moderate/severe/very 12 (15.8) 4 (11.4) 8(19.5) .37 Moderate/severe/very 8 (11.9) 3(9.7) 5(13.9) 72
severe (<121) severe (<23)
No/mild (121-144) 64 (84.2) 31(88.6) 33(80.5) No/mild (23-30) 59 (88.1) 28(90.3) 31 (86.1)
6 mo 6 mo
Moderate/severe/very 12 (156.8) 6 (17.1) 6 (14.6) NS Moderate/severe/very 8 (13.1) 4 (14.3) 4(12.1) NS
severe (<121) severe (<23)
No/mild (121-144) 64 (84.2) 29(82.9) 35(85.4) No/mild (23-30) 53 (86.9) 24 (85.7) 29 (87.9)
12 mo 12 mo
Moderate/severe/very 9 (11.8)  5(14.3) 4(9.8) 72 Moderate/severe/very 9 (13.2) 4 (12.1) 5(14.3) NS
severe (<121) severe (<23)
No/mild (121-144) 67 (88.2) 30(85.7) 37(90.2) No/mild (23-30) 59 (86.8) 29 (87.9) 30 (85.7)
24 mo 24 mo
Moderate/severe/very 8 (10.5) 4 (11.4) 4(9.8) NS Moderate/severe/very 6 (9.1) 4 (12.5) 2 (5.9) 42
severe (<121) severe (<23)
No/mild (121-144) 68 (89.5) 31 (88.6) 37 (90.2) No/mild (23-30) 60 (90.9) 28(87.5) 32 (94.1)

Data are presented as No. (%).
Abbreviations: NS, nonsignificant; VACV, valacyclovir.

@ Last or most recent evaluation utilized for missing endpoint. Three subjects
had no assessments for all 5 visits.

* Pvalue by Fisher exact test for categorical data.

87% at 12 months. The greatest incremental improvement was
seen between baseline and day 90.

SF-36 Quality-of-Life Survey

In the follow-up phase, 62 of 79 subjects completed QOL eval-
uations at 12 months. At day 90, the median total QOL scores
were 496.3 and 502.5 in the VACV and placebo groups, respec-
tively (P =.76); at 12 months, the scores were 654.0 and 630.0,
respectively (P =.98). No differences were noted by analysis of
subdomain scores (data not shown).

Indicative of gradual improvement in health following HSE,
there was a steady increase in measured QOL over time. For the
overall population, positive median score changes from baseline
were 85.9 at day 90, 154.5 at 6 months, 268.8 at 12 months, and
311.7 at 24 months. There were no significant differences be-
tween treatment groups.

Factors Related to Outcome at 12 Months

Logistic analysis was performed on the following univariate fac-
tors: randomized therapy (odds ratio [OR], 0.65; P = .54), age at
presentation (OR, 0.96; P =.12), sex (OR, 0.93; P=.92), dura-
tion of encephalitis symptoms prior to intravenous ACV

Data are presented as No. (%).
Abbreviations: NS, nonsignificant; VACV, valacyclovir.
* Pvalue by Fisher exact test for categorical data.

therapy (OR, 0.93; P=.24), and baseline MDRS score (OR,
1.05; P <.001;). Factors with P values <.15 were included in a
multivariate logistic model in determining the benefit of
VACYV therapy (Table 5). The placebo arm of the study actually
resulted in fewer impaired patients (OR, 0.25 [95% confidence
interval, .03-1.95]) after covariate adjustment for baseline
MDRS and age, although the finding was not statistically signifi-
cant (P=.18).

Collapsed Analysis

Because the multivariate analysis resulted in only the baseline
factor of dichotomized MDRS, a paired analysis was undertaken
based on that factor and its corresponding 12-month counter-
part. For those subjects with no or mild impairment (MDRS
score 121-144) at baseline, all remained with no or mild impair-
ment at 12 months (Table 6); none regressed to more severe
impairment. Importantly, for those subjects with moderate or
greater impairment (score <121) at baseline, 72% improved sig-
nificantly, performing at a level of no or mild impairment at 12
months (P <.0001). In a similar analysis comparing baseline
and 12-month MMSE scores, 4.4% of subjects with no or
mild impairment (score 23-30) at baseline regressed to more
severe impairment, whereas the other 95.6% of subjects
remained in the no or mild impairment category (Table 6).
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Table 5. Factors Related to Severity of 1-Year Impairment Assessed by the Mattis Dementia Rating Scale

Univariate Factors Multivariate Factors

No/Mild Moderate/Severe
Factor Dementia Dementia P Value* OR (95% Cl) P Value* OR (95% CI)
Randomized therapy
Placebo 37 (55.2) 4 (44.4) .54 0.65 (.16-2.63) 18 0.25 (.03-1.95)
VACV 30 (44.8) 5 (55.6)
Age
Mean 52.3 60.8 12 .96 21 0.95 (.88-1.03)
SD 15.2 10.4
Median 53 59
Range 14-80 47-73
Sex
Male 36 (53.7) 5 (55.6) .92 .93
Female 31 (46.3) 4 (44.4)
Baseline MDRS
Mean 122.8 59.7 <.001 1.05 <.001 1.05 (1.02-1.08)
SD 22 47.7
Median 127.5 69
Range 29-144 0-120
HSV symptom duration
Mean 5.3 7.3 24 .93
SD 4.5 6.8
Median 4 4
Range 0-28 1-23

Data are presented as No. (%) unless otherwise specified.

Abbreviations: Cl, confidence interval; HSV, herpes simplex encephalitis; MDRS, Mattis Dementia Rating Scale; OR, odds ratio; VACV, valacyclovir.

* Pvalue by Wald 2 test.

Among those with moderate or worse impairment at the time of
presentation (score <23), 31.8% maintained at least moderate
impairment, whereas the remaining 68.2% of subjects improved
to no or mild impairment at the 12-month follow-up visit
(P=.002).

Adverse Events
Four subjects died during the course of the study. Deaths were
attributed to cardiac failure, pneumonia, cerebral hemorrhage,

and pancreatic cancer. None of the deaths were considered to be
related to study medication.

A total of 390 adverse events were reported for the 79 ran-
domized subjects in the intent-to-treat population (4.9 adverse
events per subject). Eighty-four percent of subjects experienced
at least 1 adverse event, with no difference between randomiza-
tion groups. The most common class of adverse events was gas-
trointestinal disorders, reported by 49% of subjects overall. The
frequency was higher in VACV recipients than in those who

Table 6. Change in Level of Impairment Between Baseline and 12-Month Follow-up Visit®

12-mo Score
Measure Baseline Score >Moderate No/Mild P Value®
Mattis Dementia Rating Scale >Moderate impairment (<121) 7 (28.0%) 18 (72.0%) <.0001
No/mild impairment (121-144) 0 (0.0%) 43 (100.0%)
Mini-Mental State Examination >Moderate impairment (<23) 7 (31.8%) 15 (68.2%) .002
No/mild impairment (23-30) 2 (4.4%) 43 (95.6%)

Data are presented as No. (%).
@ For subjects completing all evaluations.
® By McNemar test for paired data.
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received placebo (21 of 36 [58%)] vs 18 of 43 [42%]; P =.18). No
significant differences in grade 3 or grade 4 laboratory abnor-
malities were observed between the treatment groups.

DISCUSSION

The design for this study was predicated on the hypothesis that
chronic low-level viral replication in the CNS contributes to
progressive neurologic morbidity in patients with HSE. The
conclusion derived from this study is that a 90-day course of
VACYV did not improve the outcome, as assessed by serial neu-
ropsychiatric testing. Notably, this is the first large-scale thera-
peutic study of HSE in adults that utilized PCR detection of
HSV DNA in the CSF as the inclusion criterion.

Due to its design, this study focused on a specific subset of
HSE patients. To be eligible, the patient first had to survive
the initial period of standard-of-care intravenous ACV therapy,
which excluded the most seriously ill patients with the highest
mortality rate. Second, surviving patients had to be sufficiently
neurologically intact at the completion of intravenous ACV
therapy to be able to successfully swallow study medications.
As a result, the population of patients eligible for participation
in this study was a relatively high-functioning subset of HSE
survivors. Thus, the conclusions from this study cannot be gen-
eralized to all patients with HSE.

Although this study failed to demonstrate outcome differenc-
es between recipients of high-dose VACV or placebo, it provid-
ed insights into the outcome of adults with HSE. Among the 79
subjects in the intent-to-treat population, 84% and 88% func-
tioned with no or mild impairment at 90 days and 12 months,
respectively, after randomization, as assessed by the MDRS. The
preponderance of improvement was seen between the time of
completion of intravenous ACV and day 90; continued incre-
mental improvement was seen up to 2 years of follow-up.
This outcome is better than anticipated, even given the selected
nature of this study population. In comparison, among 34 sur-
vivors in a New Zealand cohort of 42 HSE patients, 20 (59%)
were able to resume activities of daily living, 9 (26%) were im-
paired but able to live independently, and 5 (15%) had severe
neurologic defects at 90 days [17]. Among 85 HSE patients as-
sessed in France, 65% had a “favorable” outcome and 20% had
“severe disability” at 6 months [19]. Use of standardized out-
comes testing and cut-point interpretations such as those de-
scribed in this study may make study-to-study comparisons
more readily interpretable in future clinical trials.

Given the current limitations of HSE therapy, an important
controllable variable to improve clinical outcome is prompt
initiation of ACV therapy. Unfortunately, multiple studies
have indicated that there is still unacceptable delay in many
cases between clinical presentation and antiviral drug therapy.
That delay is clearly associated with poorer clinical outcome

[19,22,26-31]. Clinicians should have a low threshold for per-
forming a lumbar puncture and immediately initiating empiric
treatment with ACV (among other diagnostic and therapeutic
interventions) in patients presenting with fever and neuropsy-
chiatric abnormalities [32].

In view of the significant morbidity rates still seen with HSE,
active investigation of improved therapeutic approaches is
warranted. Combination drug therapy or antiviral drugs with
alternative mechanisms of action should be explored [33]. In
addition to direct HSV-mediated cytolysis, HSE is also charac-
terized by acute and persistent intrathecal inflammatory re-
sponses and possibly by autoimmune phenomena [34, 35].
Further studies to define the role of immune responses and
to explore the therapeutic potential of adjunctive therapy
with anti-inflammatory and immunomodulating agents are
essential [36-39].
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