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Background: Acyclovir (ACV) neurotoxicity is a neuropsychiatric condition induced by the
anti-herpetic drugs ACV and valacyclovir (VACV). It is presumed that elevated blood levels
of ACV and its metabolite 9-carboxymethoxymethylguanine are involved in the development
of ACV-induced encephalopathy; age and renal dysfunction are risk factors. Here, we report
a case of encephalopathy caused by the administration of VACV for herpes zoster prophy-
laxis in a patient with renal dysfunction owing to multiple myeloma.

Case Presentation: Renal dysfunction was diagnosed in a 70-year-old man visiting our
hospital for a medical checkup. His creatinine clearance rate was 8 mL/min. He was diagnosed
with symptomatic multiple myeloma, and bortezomib/dexamethasone (BD) therapy for multiple
myeloma and VACV for herpes zoster prophylaxis were initiated. We administered 500 mg/day
of VACV three times a week, a lower dosage than recommended, after adjusting for his renal
impairment. His renal function was monitored twice per week during therapy. During the second
course of BD therapy, 6 weeks after starting treatment, he was hospitalized owing to impaired
consciousness (Glasgow Coma Scale score: E2, V4, M4), and his BD and VACV therapy were
suspended. Brain magnetic resonance imaging and cerebrospinal fluid analysis showed no
abnormalities. Three days after discontinuing BD and VACYV therapy, his consciousness recov-
ered completely, and impaired consciousness did not recur after resuming BD therapy. His
clinical diagnosis was thus ACV-induced encephalopathy.

Conclusion: VACV is often prescribed to patients with multiple myeloma receiving BD
therapy to prevent herpes zoster. ACV-induced encephalopathy is commonly observed in
patients with renal dysfunction; especially among patients with multiple myeloma with
Bence—Jones proteinuria, renal tubules are easily damaged and plasma ACV concentrations
are likely to increase and induce ACV-induced encephalopathy. Careful monitoring of the level
of consciousness is necessary during preventive ACV therapy in patients with renal dysfunction.
Keywords: acyclovir neurotoxicity, valacyclovir, herpes zoster, Bence—Jones proteinuria

Introduction

Acyclovir (ACV) neurotoxicity is a neuropsychiatric condition induced by the
administration of the anti-herpetic drugs ACV and valacyclovir (VACV).! VACV
is the prodrug of ACV. Usually, various neuropsychiatric symptoms, such as
disturbance of consciousness, tremor, and myoclonus, occur within 2 days after
initiating the therapy.' Hallucinations are also common.'™ It is presumed that
elevated blood levels of ACV and its metabolite, 9-carboxymethoxymethylguanine
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(CMMQG), are involved in the development of ACV-
induced encephalopathy” and that age and renal dysfunc-
tion are risk factors.’

Bortezomib/dexamethasone (BD) therapy is one of the
standard regimens for patients with symptomatic multiple
myeloma who have severe renal impairment.® In bortezo-
mib-containing regimens, low-dose oral ACV is recom-
mended for herpes zoster prophylaxis.”®

We present a case of encephalopathy caused by the
administration of VACV for herpes zoster prophylaxis in
a patient with renal dysfunction due to multiple myeloma.

Case Presentation

Renal dysfunction was diagnosed in a 70-year-old man
who visited our hospital for a medical checkup. His
serum creatinine level and creatinine clearance rate were
8.78 mg/dL (normal range: 0.53-1.02 mg/dL) and 8 mL/
min (normal range: 80—180 mL/min), respectively. He was
diagnosed with Bence—Jones protein A-type multiple mye-
loma based on the presence of 40% plasma cells in his
bone marrow (10% or more of plasma cells is considered
definitive of the disease) and Bence—Jones proteinuria (M
proteinuria of 4.8 g/day). Additionally, the diagnosis of
symptomatic multiple myeloma (International Staging
System stage 3) was based on the presence of renal dys-
function. Renal biopsy revealed cast nephropathy known
as myeloma kidney, in which large amounts of Bence—
Jones proteins formed casts that blocked the tubules
(Figure 1). BD therapy was initiated with concurrent
VACV for herpes zoster prophylaxis. We administered
a reduced dose VACV of 500 mg three times a week

because of the patient’s renal impairment, based on the
drug information on VACV provided in the UpToDate
database.” His renal function was monitored twice per
week during therapy. Six weeks later, during his second
course of BD therapy, the patient was hospitalized because
of impaired consciousness. He displayed no other symp-
toms during hospitalization.

On admission, his vital signs were as follows: Glasgow
Coma Scale score, E2, V4, M4; body temperature, 36.5°C;
blood pressure, 145/79 mmHg; pulse rate, 73 beats/min;
respiratory rate, 15 breaths/min; and SpO,, 96%. His vital
signs were normal, and there were no remarkable neurologi-
cal abnormalities except for disturbance of consciousness.
Table 1 summarizes the results of patient’s blood test on
admission. The results, including renal function, were
unchanged. Brain magnetic resonance imaging and cere-
brospinal fluid analysis—cell counts 1/uL, protein 40 mg/
dL, glucose 98 mg/dL, reference blood glucose level 125 mg/
dL—revealed no abnormalities. There was no new electro-
lyte, endocrine hormone abnormality, or suggestion of epi-
lepsy. Therefore, we suspected drug-induced disturbance of
consciousness and suspended the BD and VACV therapy.
Three days after discontinuing the drugs, his level of con-
sciousness returned to normal, and the BD therapy was
restarted after 20 days of drug interruption. The Naranjo
score'® for estimating the probability of adverse drug reac-
tions was 7 points. In this scoring system, > 9 points indicate
“high probability for adverse reactions” and 58 points indi-

cate “probability for adverse reactions”.'® In all Japan, the
laboratories do not have facilities to measure ACV/CMMG
levels. Though his blood level of ACV could not be

Figure | Histology of kidney tissue showing myeloma cast nephropathy. (A) Hematoxylin and eosin stain (magnification x200). (B) Periodic acid-Schiff stain (magnification x400).
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Table | Results of the Patient’s Admission Blood Tests

Parameters Result Reference Range
White blood cell count 15.278 x 103/uL 4.50-7.50 x 10%/uL
Neutrophils 89.2%

Lymphocytes 5.8%

Hemoglobin 7.2 g/dL 11.3-15.2 g/dL
Hematocrit 21.7% 36-45%

Platelets 173 x 10°/uL 130-350 x 10%/uL
C-reactive protein 0.06 mg/dL <0.60 mg/dL

Total protein 6.7 g/dL 6.9-8.4 g/dL
Albumin 3.9 g/idL 3.9-5.1 g/dL
Aspartate aminotransferase 15 U/L 11-30 U/L

Alanine aminotransferase 15 U/L 4-30 U/L

Lactate dehydrogenase 235 U/L 109-216 U/L
Creatine phosphokinase 55 U/L 40-150 U/L

Blood nitrogen urea 69.7 mg/dL 8-20 mg/dL
Creatinine 7.71 mg/dL 0.63—1.03 mg/dL
Creatinine clearance 8.8 mL/min >60 mL/min
Sodium 136 mEq/L 136—148 mEq/L
Potassium 4.6 mEq/L 3.6-5.0 mEq/L
Glucose 155 mg/dL 70-109 mg/dL

measured, the clinical diagnosis was ACV neurotoxicity
based on his response to the suspension of the therapy, the
high Naranjo score, and the lack of other contributing factors.
We theorized that ACV blood levels gradually increased over
the long-term administration of oral VACV owing to renal
dysfunction. Figure 2 illustrates his clinical course.

The patient underwent 9 cycles of BD therapy and
achieved complete remission. We administered 250 mg of
famciclovir for herpes zoster prophylaxis, three times a week,
between cycles 4 to 9. One year after the end of treatment, he
remained in remission. His creatinine level recovered and
remained stable at 45 mg/dL in response to the treatment.

He did not exhibit any sequelae of ACV encephalopathy.

Discussion

We presented a case of ACV-induced encephalopathy
caused by the administration of VACV for herpes zoster
during the treatment of multiple myeloma in a man with
renal dysfunction. To the best of our knowledge, this is the
first report of ACV neurotoxicity in a patient taking low-
dose VACYV for herpes zoster prophylaxis. This case illus-
trates that ACV or VACV should be used with caution in
patients with myeloma-associated renal dysfunction, even
if used in low doses for herpes zoster prophylaxis.

In all Japan, the laboratories do not have facilities to
measure ACV/CMMG levels. However, we diagnosed
ACV-induced encephalopathy based on his clinical
course, the high Naranjo score, the lack of other contribut-
ing factors. ACV or VACV can cause renal tubular
obstruction secondary to crystal-induced nephropathy,
and direct action of the ACV aldehyde can cause acute
kidney injury; these can lead to increased blood concen-

ACV and CMMG and
211 In this case, our patient exhibited

trations  of cause
encephalopathy.
Bence—Jones proteinuria. Increased excretion of Bence—
Jones proteins may have damaged the tubular epithelium
or formed casts that blocked the renal tubules, leading to
myeloma cast nephropathy. It is the most common cause
of myeloma-associated renal injury and may cause renal
dysfunction."*'* Though the renal dysfunction in our
patient was stable at a low level, we theorized that long-
term preventive oral VACV therapy gradually led to
increased plasma concentrations of ACV and CMMG,
resulting in encephalopathy.

In this case, the VACV prophylaxis resulted in ACV-
induced encephalopathy, even though we administered it

Clinical Course

15 15

12 12
o -GCS =CCr o
(9] 9 9 (@]
(%] — =
17 o
(=] /
S 6 &
D 7 Aug-5 Sep: 6 Sep-5 Oct: 6 Oct-12 Oct: 13 Oct~ 3

3 Admission Out-patient follow up Admission Out-patient follow up 3 5

500-mg/day VACV three times a week

o IO

21-Aug 28-Aug 11-Sep 21-Sep 5-Oct

[EDthermey T |

6-Oct 8-Oct 26-Oct 2-Nov

BD therapy: Bortezomib was administered at a dose of 1.3 mg/m?2 on days 1, 4, 8, and 11, with dexamethasone (20 mg)
administered on days 1 and 2,4 and 5,8 and 9, and 11 and 12. A 21-day regimen administered in 2 cycles was defined as 1 course.

Figure 2 Clinical course of the patient after starting bortezomib/dexamethasone therapy. BD therapy: Bortezomib was administered at a dose of 1.3 mg/m? on Days |, 4, 8,
and || with dexamethasone (20 mg) administered on Days | and 2, 4 and 5, 8 and 9, and || and 12. The 21-day regimen administered in 2 cycles was defined as | course.
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at a dose lower than the recommended dose for patients
with renal dysfunction. ACV-induced encephalopathy has
been observed in patients administered with extremely
high doses (10 mg/kg every hour) of the drug or in cases
of renal failure without dose adjustment.* It has often
been reported in elderly people and patients with impaired
renal function,” but it has occurred in patients without
renal dysfunction and young patients.'* In all cases, ACV-
induced encephalopathy developed owing to the ACV or
VACYV treatment for herpes simplex or zoster virus. There
were no reports that ACV-induced encephalopathy devel-
oped with prophylactic administration. Myeloma kidney
with Bence—Jones proteinuria causes kidney renal tubular
damage, which is disproportionate to the degree of renal
impairment suggested by the creatinine level. Thus, it is
presumed that it inhibits the excretion of drugs, including
ACV, in renal tubules, resulting in an elevated blood
concentration. It is difficult to measure ACV and
CMMG blood levels. Therefore, even with the recom-
mended level of ACV or VACV prophylaxis for renal
impairment, it is not possible to predict ACV neurotoxi-
city, such as impaired consciousness and impaired renal
function.

In conclusion, among patients with multiple myeloma
with Bence—Jones proteinuria, the renal tubules are easily
damaged, and the plasma concentration of ACV is likely to
increase and induce ACV neurotoxicity. Careful monitor-
ing of the level of consciousness is necessary during pre-
ventive ACV therapy in patients with renal dysfunction.

Abbreviations
ACYV, acyclovir; BD, bortezomib/dexamethasone; CMMG,
9-carboxymethoxymethylguanine; VACYV, valacyclovir.
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