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The etiology of cytomegalovirus (CMV), human
herpesvirus-6 (HHV-6), and Epstein-Barr virus
(EBV) reactivation and the potential for compli-
cations following cytotoxic chemotherapy in the
absence of allogeneic transplantation are not
clearly understood. Patients with adult T cell leu-
kemia (ATL) are susceptible to opportunistic
infections. In this study, the incidence, kinetics
and clinical significance of reactivation of CMV,
HHV-6, and EBV in ATL patients were investi-
gated. Viral DNA in a total of 468 plasma samples
from 34 patients was quantified using real-time
PCR. The probability of CMV, HHV-6, and EBV
reactivation by 100 days after the start of chemo-
therapy was 50.6%, 52.3%, and 21.6%, respect-
ively. Although most CMV reactivations were
self-limited, plasma CMV DNA tended to persist
or increase if the CMV DNA levels in plasma
reached >10% copies/ml. CMV reactivation was
negatively associated with survival, but the
P-value for this association was near the border-
line of statistical significance (P = 0.052). One
patient developed fatal interstitial pneumonia
concomitant with peak CMV DNA accumulation
(1.6 x 10° copies/ml| plasma). Most HHV-6 and
EBV reactivations were self-limited, and no dis-
easeresulting from HHV-6 or EBV was confirmed.
HHV-6 and EBV reactivation were not associated
with reduced survival (P = 0.35and 0.11, respect-
ively). These findings demonstrated that subclin-
ical reactivation of CMV, HHV-6, and EBV
were common in ATL patients receiving chemo-
therapy. There were differences in the viral
reactivation patterns among the three viruses.
A CMV load >10* copies/ml plasma was indica-
tive of subsequent exacerbation of CMV
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INTRODUCTION

Cytomegalovirus (CMV), human herpesvirus-6
(HHV-6), and Epstein—Barr virus (EBV) are ubiquitous
in the human population. More that 90% of Japanese
individuals over the age of 50 have antibodies
against CMV or EBV [Takeda et al., 2001]. HHV-6
infects virtually all individuals during childhood
[Zerr et al., 2005a]. These herpesviruses establish
latency after primary infection and can reactivate
under immunosuppressive condition. Reactivation of
CMV, HHV-6, and/or EBV is common after solid-organ
or hematopoietic stem cell transplantation and is linked
to various serious clinical diseases [Boeckh et al., 1996;
Shapiro et al., 1999; Yoshikawa et al., 2002; Zerr et al.,
2005b; Ogata et al., 2006], and it is common practice to
treat CMV or EBV reactivation in recipients of stem
cell transplants [Meerbach et al., 2008; Boeckh and
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Ljungman, 2009; Omar et al., 2009]. CMV is increas-
ingly recognized as a significant pathogen in patients
receiving only chemotherapy without transplants.
Han [2007] reported that a high portion of non-trans-
plant patients with lymphoid malignancies (13.6%)
were positive for CMV antigenemia. Nguyen et al.
[2001] reported that the frequency of CMV pneumonia
has been increasing in adults with leukemia who have
not undergone transplantation.

Adult T cell leukemia (ATL) is an aggressive T
cell malignancy caused by a retrovirus, human T-cell
leukemia virus type I (HTLV-I), which is endemic in
Japan, Melanesia/Australia, the Caribbean, parts of
South America, and part of Africa [Van Brussel et al,,
1999]. Prognosis for patients with ATL is extremely
poor due to multidrug resistance of malignant cells
and frequent complications due to opportunist infec-
tions. ATL patients are susceptible to various opportun-
istic infections, including pneumocyctis pneumonia,
fungal infections, and herpesvirus disease due to defec-
tive cellular immunity [Uchiyama, 1997; Yasunaga
et al., 2001; Chen et al., 2006]. Suzumiya et al. [1993]
reported that CMV was involved in 35 of 47 (74.5%)
autopsied cases of ATL and that CMV pneumonia is a
significant cause of death in ATL patients. EBV-associ-
ated B cell lymphoproliferative disorder [Tobinai et al.,
1991; Tanaka et al.,, 2008] and HHV-6 encephalitis
[Idutsu et al., 2007] has also been reported in patients
with ATL. Development of these herpesvirus diseases
may indicate that subclinical reactivations of herpesvi-
ruses are common in ATL patients. To date, two studies
evaluated CMV reactivation in ATL patients using
an antigenemia assay [Fujiwara et al., 2000, 2001].
However, in both studies, antigenemia was assessed
only on admission and when a patient exhibited a fever.
Furthermore, less is known about incidence or signifi-
cance of HHV-6 or EBV reactivation.

Understanding the dynamics of reactivation of
these herpesviruses in ATL patients may facilitate
the prevention of CMV-, HHV-6-, or EBV-related dis-
eases. Presence of plasma viral DNA can be a good
indicator of active CMV [Boeckh and Ljungman, 2009]
or HHV-6 [Zerr, 2006b] infection. There is debate
over which sample type, whole blood versus plasma or
serum is most suitable for monitoring EBV reactivation;
nevertheless, the detection of EBV DNA genomes in
plasma that does not contain B-cells is more likely the
result of a lytic EBV infection and indicates that the
patients has an active EBV infection [Ljungman, 2010].
The present study used real-time polymerase chain
reaction (PCR) to detect viral DNA genomes in plasma
to specifically evaluate the epidemiology and kinetics of
CMV, HHV-6, and EBV reactivation in ATL patients
receiving chemotherapies.

MATERIALS AND METHODS
Patients

Thirty-four patients who were admitted to Oita
University Hospital or Oita Prefectural Hospital and
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who had acute/lymphoma-type ATL that met the Japan
Lymphoma Study Group criteria [Shimoyama, 1991]
were enrolled in this study. The diagnosis of ATL was
made based on seropositivity for HTLV-I and a histo-
logically and/or cytologically proven peripheral T-cell
malignancy. Study protocols were approved by the
Ethical Committee of the Oita University Faculty of
Medicine, and patients participating in this study
signed an informed consent form for study protocols.
Initial treatment regimens included cyclophosphamide,
doxorubicin, vincristine, and prednisolone (CHOP),
cyclophosphamide, pirarubicin, vincristine, and predni-
solone (THP-COP), cyclophosphamide, pirarubicin,
etoposide, and prednisolone (THP-CEP), or mLSG15
(sequential therapy by VCAP-AMP-VECP) [Tsukasaki
et al., 2007]. Salvage treatments were selected at
the discretion of the physicians for management of
refractory disease. No patients were treated with
prophylactic anti-viral agents. Patients who received
hematopoietic stem cell transplantation were censored
from this study upon beginning preconditioning for
transplantation. ’

Real-Time PCR

Blood sampling to monitor viral DNA was started
after initiation of chemotherapy and performed during
the period in which patients were hospitalized in order
to receive chemotherapy. Interval of sampling was at
baseline, once every 7-14 days. Plasma samples
were separated from EDTA-treated whole blood by
centrifugation (1,750g for 10 min) and filtration
through a 0.22-um pores filter. The design of the
PCR primers (5-TCACCAGTGTCGTGTATGCCA-3
and 5'-CACACAGCGCTCGTTGTAATC-3) and a Tag-
Man probe (5'-[FAM]CCCATGAACGTGCTCATCGAC
GTGA[TAMRA]J-3") for CMV quantitation were based
on the UL97 open reading frame of CMV, and quanti-
tation was performed as previously described [Tkewaki
et al.,, 2005]. Primers and probe for evaluation of HHV-6
DNA load were based on sequences from U67 according
to the methods originally described by Locatelli et al.
[2000] and performed as previously described
[Ogata et al., 2006]. For EBV, PCR primers were
complementary to sequences in the BALF5 gene
and performed as previously described [Kimura et al.,
1999].

Analyses

Viral reactivation was defined as the detection of viral
DNA in a sample of plasma. Duration of the reactivation
event was defined as the period of consecutive
positive results. The statistical significance of differ-
ences between the groups was assessed by Fisher’s exact
test or the Mann-Whitney U test as appropriate. The
cumulative incidence of viral reactivation and survival
was calculated according to the Kaplan—Meier method,
and comparisons of survival were made using the log-
rank test. Statistical analyses were performed using
Prism 5 for Macintosh software (GraphPad Software,
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San Diego, CA). Values of P < 0.05 were considered
significant in all analyses.

RESULTS

Patients (n = 34) with acute/lymphoma-type ATL
participated in this study. The characteristics of these
patients are listed in Table I. One patient received two
courses of pre-emptive ganciclovir treatment because
positive CMV antigenemia was noticed. No other
patient received any antiviral treatments. For the
six patients who received hematopoietic stem cell
transplantation, observation of viral reactivation for
this study was stopped upon starting conditioning
for transplantation. Median survival, based on
Kaplan—Meier analysis, from the start of chemotherapy
and 3-year overall survival rate with censoring trans-
plantation patients were 244 days and 22.3%, respect-
ively. A total of 22 patients died during the observation
period: causes of death were ATL deterioration in
14 patients and infectious diseases in 8 patients. All
patients who died of infectious diseases had concomi-
tant, uncontrollable ATL.

Sequentially collected plasma samples were used to
evaluate viral reactivation. Generally, plasma samples
were collected from patients once every 7—14 days, but
the interval was greater than 20 days for 6.5% of the
samplings (28 of 434 intervals) because sampling was
not performed during periods in which patients were not
hospitalized. The median observation period for viral
reactivation in individual patients was 113 days (range,
45--318 days).

Cumulative incidence of reactivation for each virus
according to Kaplan—-Meier analysis are shown in
Figure 1, and the kinetics of plasma viral DNA load
in patients who displayed positive viral DNA are shown
in Figure 2. The characteristics of reactivation are
shown in Table II. A Kaplan-Meier plot of the prob-
ability of survival according to viral reactivation is
shown in Figure 3.

CMYV Reactivation

The overall cumulative rate of a positive result
for plasma CMV DNA by 100 days after the start of
chemotherapy was 50.6% (Fig. 1). Univariate analysis
revealed that higher white blood cell count and abnor-
mal cell count at diagnosis were associated with CMV
reactivation (Table I). As shown in Figure 2A,B, most
CMV reactivations were self-limited. However, plasma
CMV DNA levels had a tendency to persist or increase
if and when the CMV DNA load reached a level of
>10* copies/m] (n = 5) (Fig. 2A). For the five patients
whose plasma CMV DNA reached >10* copies/ml, the
median period from the detection of the first CMV-DNA-
positive plasma sample to the attainment levels of
>10" copies/ml was 42 days (range, 21-98 days), and
the period from first detection to peak levels was 98 days
(range, 28-133 days). Median period from the first
detection of a level of >10* copies/m]l CMV DNA to
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the death was 9 days (range, 1-152 days). One patient
developed complications that were probably associated
with CMV. A T72-year-old female developed fatal
interstitial pneumonia at the time when the CMV
DNAload peaked at 1.6 x 10° copies/ml. In this patient,
the period from first detection of plasma CMV DNA to
development of interstitial pneumonia was 98 days.
The arrow in Figure 2A indicates the day on which
the interstitial pneumonia developed. No other patient
developed a clinical disease that was likely to be related
to CMV reactivation. Kaplan—Meier analysis (Fig. 3)
revealed median survival time from start of chemother-
apy was 188 days in patients who experience CMV
reactivation and 683 days in patients without CMV
reactivation. CMV reactivation was negatively associ-
ated with survival, but the P-value for this association
was at the borderline of statistical significance
(P = 0.052, log-rank test).

HHV-6 Reactivations

The overall cumulative rate of a positive result for
HHV-6 DNA in a plasma sample was 52.3% by 100 days
after the start of chemotherapy (Fig. 1). No variables at
diagnosis were identified as a risk factor associated with
HHYV-6reactivation (Table I). Most HHV-6 reactivations
were self-limited (Fig. 2C,D). The plasma HHV-6 DNA
levels in the patient whose plasma HHV-6 DNA reached
the highest value observed in this study suddenly
climbed and dropped to an undetectable level three
times (blue line in Fig. 2C). The duration in weeks of
positive HHV-6 DNA tests in individual patients
tended to be shorter compared with that of positive
CMV DNA (Table II), but the difference was not
statistical significance (P = 0.11, Mann-Whitney test).
No patient developed complications, such as encephali-
tis or interstitial pneumonia, that were likely to be
related to HHV-6 reactivation. There was no association
between HHV-6 reactivation and survival (Fig. 3;
P = 0.35, log-rank test).

EBV Reactivations

The overall cumulative rate of a positive result
for EBV DNA in a plasma sample was 21.6% by 100 days
of the start of chemotherapy (Fig. 1). No variables at
diagnosis were identified as a risk factor associated with
EBV reactivation (Table I). Most EBV reactivations
were self-limited (Fig. 2E,F). Five patients had EBV
DNA in the plasma sample taken within the first 7 days
of treatment, and probability of incidence of EBV
reactivation within the first 7 days of treatment was
14.7%. The duration, in weeks, of positive EBV-DNA
tests in individual patients (Table II) was significantly
shorter than that of positive CMV DNA tests (P = 0.02,
Mann—Whitney test) but was not significantly different
from that of positive HHV-6 DNA tests (P = 0.18). No
patient developed EBV-associated lymphoproliferative
disorder. There was no association between EBV
reactivation and survival (Fig. 3; P = 0.11, log-rank test).
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TABLE 1. Patient Characteristics at Diagnosis and Association of These Variables With Herpesvirus Reactivation in Patients With Adult T Cell Leukemia (ATL) (n = 34)

CMYV reactivation HHV-6 reactivation EBYV reactivation
Total Yes® NoP Yes® NoP Yes® No®
Characteristics (n = 34) (n = 22) (n=12) P (n = 20) (n = 14) P (n=11) (n = 23) P
Age in years, median 65 (36-82) 69.5 (36-82) 56 (31-80) 0.03f 66.5 (36-82) 62 (38-80) 0.66° 68 (36-82) 61 (31-80) 0.85°
(range)
Sex
Male 13 (38.2) 10 (45.5) 3 (25) 0.298 9 (45) 4 (28.6) 0.48¢ 6 (54.5) 7(30.4) 0.265
ATL subtype
Acute 22 (64.7) 17(77.3) 5(41.7) 0.068 12 (60) 10 (71.4) 0.728 8 (72.7) 14 (60.9) 0.708
Lymphoma 12 (35.3) 5(22.7) 7(68.3) 8 (40) 4 (28.6) 3(27.3) 9 (39.1)
WBC count, /pL, 8,310 10,095 6,320 0.04f 10,375 7,370 0.16f 10,700 7,900 0.28f
median (range) (2,500-64,550) (3,930-64,550) (2,500—43,800) (8,600-64,550) (2,500-43,800) (4,200-10,700) (2,500-64,550)
Abnormal lymphocyte 235 1,430 22.5 0.02f 201 387 0.98f 351 222 0.80"
count, /C;LL, median (0-56,804) (0-56,804) (0-31,098) (0-56,804) (0-31,098) (0-12,527) (0-56,804)
(range)
LDH, more than twice 18 (52.9) 14 (63.6) 4(33.3) 0.158 10 (50) 8(57.1) 0.74% 7 (63.6) 11 (47.8) 0.48%
the upper limit
Hypercalcemia 6/33 (18.2) 5(22.7) 1(9.1) 0.648 4 (20) 2 (6.5) >0.99¢ 19.1) 5(22.7) 0.648
sIL2R, U/L, median 14,200 18,750 8,350 0.14f 17,600 9,650 0.38" 20,750 11,300 0.17
(range) (598-96,700)  (8,750-96,700)  (598-73,800) (879-96,700) (598-73,800) (6,040-96,700)  (598-73,800)
Initial treatment
Regimen®
THP-CEP 15 10 5 8 7 5 10
THP-COP 10 6 4 5 5 3 7
mLSG15 8 5 3 6 2 3 5
CHOP 1 1 0 1 0 0 1

Data represent number (%) of patients, unless otherwise indicated.

WBC, white blood cell; sIL2R, soluble interleukin-2 receptor; LDH, lactate dehydrogenase.
2Patients with positive DNA of each viral genome in plasma at any time after start of chemotherapy.
"Patients without positive DNA of each viral genome in plasma throughout the clinical course after start of chemotherapy.
“Data were missing for two patients.

dNormal range, 145-519 U/ml. Data were missing for two patients.

®Agents which constitutes a regimen were indicated in the Materials and Methods Section.

‘Mann-Whitney U test.
fFisher’s exact test.

LV ut uonjearpoesy AGH PUe ‘9-AHH ‘AND

G0L



Ogata et al.
CMV HHV-6 EBV
" ,\_D\mo. 1001 1001 Any level
g e O >1000 copies/ml
G < 804 804 froemm- T80y e >10,000 copies/m!
cZ
o e o
E g 60 '"__"_: 60- E
° & - |
> 5 40 .l fevrdieaans . 404 L
S it !
2 | -
g B 204 ..r"-‘f-‘“" am e 20 o
= ge] [ i -
O a8 frndnea . . X PN Eckr T D T TI) o o . . . ,
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Days from start of chemotherapy
Fig. 1. Kaplan—-Meier plot of the cumulative incidence of reactivation of CMV, HHV-6, or EBV, by
number of copies of each viral DNA per ml in the day after start of chemotherapy.
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Fig. 2. Kinetics of the course of reactivation of CMV, HHV-6, and EBV. Each line represents an
individual patient. The shaded area indicates values below the threshold for detection (<50 copies/ml
of plasma). The top graphs (A,C, and E) show the kinetics of viral load among patients whose peak DNA load
exceeded the upper one-fourth and the bottom graphs (B,D, and F) show those among patients whose peak
DNA load were less than the upper one-fourth. The arrow in the (A) depicting the kinetics of CMV DNA
reactivation indicates the day on which interstitial pneumonia developed in one patient.
TABLE II. Characteristics of Each Virus Reactivation Among Positive Cases
CMV HHV-6 EBV
Time to onset from start of chemotherapy
Median, days (range) 28.5 (1-157) 38.5 (1-275) 28 (1-236)
Mean, days (SD) 61.4 (65.7) 70.8 (81.9) 73.7(87.3)
Time to peak viral DNA from start of chemotherapy
Median, days (range) 104.5 (2-315) 84 (1-315) 71 (1-238)
Mean, days (SD) 115.8 (74.9) 101.9 (91.8} 87.4 (81.8)
Duration of positive viral DNA in each patient
Median, weeks (range) 5.5 (1-26) 2 (1-16) 1(1-4)
Mean, weeks (SD) 7.1(6.9) 3.8 (4.0) 1.9 (.1

Peak viral load

Median, copies/ml (range) 1,216 (35-14,743,520) 1,117 (69-2,041,969) 10,810 (80-343,140)

SD, standard deviation.
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Fig. 3. Kaplan—Meier plot of the probability of survival according to viral reactivation. In each figure,
“positive” indicates that tested positive for DNA of a viral genome in plasma at any time after start of
chemotherapy, and “negative” indicates patients without positive DNA for a particular viral genome at any
point after start of chemotherapy. Comparisons of survival were made using the log-rank test.

DISCUSSION

Immunosurveillance by virus-specific T cells prevents
reactivation of herpesviruses. Compromised cellular
immune responses are associated with reactivation
of herpesviruses. In patients who have received solid-
organ or allogeneic stem cell transplantation, reactiva-
tion of CMV, HHV-6, and EBV is closely related
to serious complications—including CMV pneumonia
[Boeckh and Ljungman, 2009], HHV-6 encephalitis
[Zerr, 2006a; Ogata et al., 2010], and EBV-related
post-transplant lymphoproliferative disorder [Shapiro
et al., 1999; Omar et al., 2009]. Interestingly, reactiva-
tions of EBV and CMV are also common in patients with
severe aplastic anemia who received immunosuppres-
sive therapies but are rarely associated with clinical
disease even in patients with high-level reactivation
[Scheinberg et al., 2007]. These results indicate
that clinical syndromes accompanied by herpesvirus
reactivation depend on not only on viral reactivation
but also on the patient’s background or the cause of
immunosuppression.

This study showed that CMV, HHV-6, or EBV reac-
tivation was surprisingly frequent in ATL patients
receiving chemotherapy. Some ATL patients developed
profound reactivation. For example, plasma CMV viral
load exceeded 10° copies/ml in two ATL patients. Such
high levels of reactivation had not been observed in
a previous study investigating CMV reactivation in
patients who received stem cell transplantation at Oita
University Hospital [Ikewaki et al., 2005]. A recent
report demonstrated that plasma HHV-6 DNA levels
of >10* copies/ml are associated with the development
of HHV-6 encephalitis in stem cell transplant recipients
[Ogata et al.,, 2010]. In this study, one ATL patient
repeatedly experienced such a high-level of HHV-6 reac-
tivation throughout the clinical course.

Each virus had distinct reactivation kinetics. In
patients with high levels of CMV DNA (i.e., >10* cop-
pies/ml plasma), plasma CMV DNA levels increased
gradually and needed at least 4 weeks to reach a peak
CMYV viralload. Furthermore, plasma CMV DNA did not

disappear if the CMV DNA load reached a level of
>10* copies/ml of plasma. Subsequent prognosis of
patients whose CMV DNA load reached this level was
very poor. These findings suggest that there is a
threshold level of CMV reactivation after which spon-
taneous improvement of the reactivation cannot be
expected. A CMV load >10* copies/ml plasma is indica-
tive of subsequent exacerbation of CMV reactivation
and development of serious clinical course. In contrast,
most HHV-6 reactivation peaked within 1 week, and
high-level reactivations could disappear and reappear
suddenly. The dynamicreactivation pattern of HHV-6in
ATL patients may be similar to that of recipients of stem
cell transplant: in stem cell transplantation patients,
plasma HHV-6 DNA can elevate to peak within 1 week
but do not persist in most cases [Ogata et al., 2008]. Most
EBYV reactivation did not persist. Interestingly, the rate
of EBV-DNA-positive samples near the initiation of che-
motherapy was relatively high. The viral DNA observed
inthe early phase of chemotherapy disappeared rapidly.
Polyclonal EBV-infected cells were frequently observed
in the lymph nodes of patients with incipient ATL
[Ohshima et al., 1997], and this observation may be
associated with the EBV-DNA-positive samples
observed in the early phase of chemotherapy. The
characteristics of the reactivation kinetics of each her-
pesvirus are probably affected by the doubling-time of
each virus, the ability of virus-specific T cells to control
each virus in the host, and the responsiveness of each
virus to the host immune response.

This study has several limitations—including the
retrospective design, the small number of patients
enrolled, research at only two institutes, and the irreg-
ularity of the sampling intervals. This study may under-
estimate the incidence of viral reactivation because
some plasma-sampling intervals were long.

The results of this study raised the possibility that
routine prospective monitoring for CMV DNA in plasma
may be useful in preventing CMV-related disease in
ATL patients. CMV pneumonia is major cause of death
in ATL patients [Suzumiya et al., 1993]. In fact, one
patient in this study developed fatal interstitial
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pneumonia when CMV DNA reached peak levels.
Pre-emptive anti-viral therapy using active agents,
such as ganciclovir or foscarnet, when CMV DNA levels
reach >10* copies/ml may be justified. Because at least
3 weeks were needed to reach CMV DNA >10* copies/
ml, routine monitoring of CMV DNA once every 7—14
days is proposed. In contrast, the levels of HHV-6 and
EBV DNA in plasma increased and decreased suddenly
in patients experiencing high-level reactivations, and
these dynamic kinetics make prediction of subsequent
viral reactivation or disease development based on the
plasma HHV-6 or EBV DNA load difficult. Although
HHV-6 encephalitis or EBV-associated lymphoprolifer-
ative disorder in ATL patients has been reported, these
complications are very rare. Therefore practical routine
monitoring for HHV-6 and EBV to prevent disease from
HHV-6 or EBV is not justified in patients with ATL.

In conclusion, this study showed that CMV, HHV-6,
and EBV reactivation was common in ATL patients
who were receiving cytotoxic chemotherapy. Routine
monitoring of CMV reactivation may be useful for the
early detection of CMV-related diseases. Clinical trials
of plasma-CMV-DNA-guided, preemptive approaches
against CMV-related diseases are warranted. In con-
trast, the practical usefulness of monitoring for HHV-6
or EBV was not evident based on the results of
this study.
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