False-positive galactomannan after HSCT

the published guidelines.!” Antifungal treatment was started
when febrile neutropenia persisted for at least 3—4 days or when
IA was confirmed or suspected with clinical or radiological
signs.

Diagnosis procedures and definitions

Diagnostic procedures included routine cultures of urine and
stools, repeated cultures of blood and sputum, weekly chest
X-ray, computed tomography (CT) scan of the chest and nasal
sinus and, when possible, bronchoscopic examinations and open
biopsy. CT scans were principally obtained for patients with (i)
clinical signs and/or symptoms suggestive of IA, (ii) persistent
or recurrent febrile neutropenia while on broad-spectrum anti-
biotic treatment, (iii) infiltrates or nodules on chest X-ray or (iv)
positive GM antigenaemia. In patients with clinical suspicion of
IA, bronchoscopy with bronchoalveolar lavage (BAL) and/or
tissue biopsy were also performed whenever feasible. A diagno-
sis of IA was classified as proven or probable on the basis of the
EORTC/MSG definitions.” True-positive GM antigenaemia was
defined as two consecutive positive results with the established
diagnosis of proven or probable IA. Positive GM antigenaemia
in episodes that did not fulfil the diagnostic criteria for proven
or probable IA was considered as inconclusive-positive if (i) suf-
ficient examinations including chest and/or sinus CT scans were
not performed despite the presence of compatible clinical signs
and symptoms of IA or (ii) the possibility that the radiological
abnormalities on the CT scans were due to IA could not be
denied because of the use of empirical antifungal therapy or tar-
geted antifungal therapy for other definite fungal infections at
the time of positive antigenaemia. Alternatively, positive antige-
naemia without sufficient evidence to diagnose proven or prob-
able IA was considered as false-positive in any of the following:
(i) no radiological abnormalities were detected on chest and/or
sinus CT scans; (ii) non-specific abnormalities on CT scans
improved without any antifungal treatments for IA or culture
results for specimens from radiologically abnormal sites includ-
ing BAL fluid or sinus aspirate were negative; or (iii) CT scans
were not performed because of no evidence meeting clinical
minor criteria in EORTC/MSG definitions. Positive antigenae-
mia recurring after the negative conversion at least 3 months
apart was considered an independent episode.

Statistical analysis

Sensitivity, specificity and positive predictive value (PPV) of the
GM ELISA were calculated on the basis of the clinical diagnosis
of proven or probable IA. The cumulative incidences of positive
GM antigenaemia and IA were evaluated using Gray's method,
considering death without each event as a competing risk.'®
Probabilities in two groups were compared using Fisher’s exact
test. P values of less than 0.05 were considered statistically
significant.

Results

Transplantation outcome

One hundred and fifty-seven allogeneic transplant recipients
were included in the study. Neutrophil engraftment was obtained
at a median of 17 days (9-43 days) after HSCT in 156 patients.
Grade II-IV acute GVHD was observed in 69 and chronic
GVHD in 87 of 134 who survived more than 100 days. Seventy

patients died, the causes being haematological relapse (n = 29),
infection (n = 14), non-infectious pulmonary complications
(n = 15), gastrointestinal bleeding (n = 6) or other reasons
(n=6).

Diagnosis of IA

Twenty-five patients developed proven (n = 8) or probable
(n=17) 1A at a median of 204 days (range 21-1527 days) after
HSCT, with a 1 year cumulative incidence of 12.9% (Figure 1).
Twenty-two patients (88%) had pulmonary disease, two of
whom showed dissemination. The remaining three had tracheo-
bronchitis, sinusitis and gastrointestinal involvement, respect-
ively. IA was the direct cause of death in five patients. Positive
GM antigenaemia was observed in 22 patients with proven or
probable IA. In a patient-based analysis, the sensitivity and
specificity of the test were 88% (22 of 25) and 79% (104 of
132), respectively.

Episodes with positive GM antigenaemia

A total of 3296 serum samples were analysed from 157 patients
(mean, 21 samples/patient; range, 2-109 samples/patient).
Overall, 50 patients (31.9%) developed positive GM antigenae-
mia at a median of 107 days (range 12—1193 days) after HSCT,
with a 1 year cumulative incidence of 32.2% (Figure 1). Five
patients had second positive episodes at a median interval of
358 days (range 119-1103 days) between the first and second
episodes. Four positive episodes occurred in one patient.

A total of 58 positive episodes of the 50 patients were there-
fore analysed (Table 2). Twenty-two episodes were diagnosed
true-positive based on the diagnosis of proven or probable IA. In
these patients, the microbiological criterion was fulfilled with
pathological findings and/or culture results in 10 and GM
antigen test in 12, Seven were considered inconclusive-positive.
In all the seven episodes, we could not conclude whether the
abnormalities on CT scans were attributed to IA or not, because
antifungal agents were administered empirically (n = 5) or for
the treatment of documented candidiasis (n = 2) at the time of
positive GM antigenaemia.

Twenty-nine episodes were considered false-positive, in all of
which piperacillin/tazobactam or amoxicillin/clavulanate was not
given at the time of positive GM antigenaemia. Penicillium and
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Figure 1. Cumulative incidences of 1A and positive GM antigenaemia after
HSCT.
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Table 2. Incidence of false-positive GM antigenaemia

Total  Episodes before Episodes after
episodes day 100 day 100
True-positive 22 8 14
False-positive 29 15 14
Inconclusive-positive 7 1 6
Total 58 24 34
False-positive rate (%) 50 62.5 41.2

Paecilomyces were not detected in these false-positive episodes.
At the time of false-positive antigenaemia, antifungal prophy-
laxis was given in 23 episodes (fluconazole, 20; itraconazole, 3),
and no antifungal agents at all in the remaining 6. Empirical or
targeted antifungal therapy was not performed in these episodes.
CT scans were performed in 22 episodes, in which no radiologi-
cal abnormalities were seen in 12, and non-specific abnormal-
ities in the remaining 10 were caused by P. jirovecii infections
(n = 2), bacterial infections (n = 2), pulmonary involvement of
cancer (n = 1), heart failure (r = 1), bronchiolitis obliterans
organizing pneumonia (BOOP) (n = 1) or unknown aetiology
(n = 3). All three unexplained radiological abnormalities disap-
peared spontaneously.

Incidence and risk factors for false-positive GM antigenaemia

Of the 58 positive episodes, 29 satisfied the criteria of false-
positive antigenaemia, with a false-positive rate of 50%
(Table 2). During the first 100 days after HSCT, 15 of 24 posi-
tive episodes were considered false-positive, with a false-
positive rate of 62.5% (Table 2). PPV was 33.3% or 37.5%
when we included the inconclusive episode into the false-
positive group or the true-positive group, respectively, in the 24
positive episodes. PPV was 55.6% or 66.7% even in nine with
grade I1-IV acute GVHD at the time of positive GM antigenae-
mia. In contrast, 14 of 34 positive episodes beyond 100 days
were considered false-positive, with a rate of 41.2%, and PPV
was 41.2% or 58.8%. False-positive antigenaemia occurred
more frequently and therefore PPV was lower during the first
100 days.

There were no significant parameters that increased the inci-
dence of false-positive GM antigenaemia over the entire period
and during the first 100 days (Tables 3 and 4). The incidence
was rather decreased in the presence of active GVHD (at any
grade) and liver GVHD over the entire period, and grade
II-IV GVHD, grade III-IV GVHD and liver GVHD during
the first 100 days. In contrast, gastrointestinal chronic GVHD
was identified as the only significant risk factor for increased
false-positive GM antigenaemia beyond 100 days (Table 5).
Twenty of the 30 episodes of positive GM antigenaemia
without gastrointestinal chronic GVHD were true-positive,
whereas all 4 positive GM antigenaemia episodes in patients
with gastrointestinal chronic GVHD were false-positive (PPV
66.7% versus 0%, P = 0.02). Gastrointestinal chronic GVHD
in these patients was associated with more than 500 mL of
diarrhoea at the time of positive GM antigenaemia, the diagno-
sis of which was pathologically confirmed with colon biopsy.

Table 3. Risk factors for false-positive GM antigenaemia after
HSCT

False-
Factors positive Others P value
Age
>40 years 18 18 1.00
<40 years 11 11
Disease risk
standard risk ) 7 5 0.75
high risk 22 24
Graft source
bone marrow 16 15 0.79
peripheral blood 13 14
Donor type
matched sibling donor 9 9 1.00
alternative donor 20 20
Neutrophil count
<500 cells/pL 2 3 1.00
>500 cells/pL. 27 26
Active GVHD on positive GM
yes 13 23 0.01
no 16 6
Gastrointestinal GVHD on positive GM
yes 6 3 0.47
no 23 26
Liver GVHD on positive GM
yes 5 14 0.02
no 24 i5
Skin GVHD on positive GM
yes 137 20 041
no 105 50
Prednisolone on positive GM (1)
>0.5 mg/kg 137 20 0.41
<0.5 mg/kg 105 50
Prednisolone on positive GM (2)
>1.0 mg/kg 137 20 1.00
<1.0 mg/kg 105 50

In thorough examinations for aspergillosis, no radiological
abnormalities were seen in two patients, non-specific abnormal-
ities on CT scan were observed but spontaneously disappeared
without clinical symptoms suggestive of IA in one, and radio-
logical findings compatible with BOOP were observed and
promptly improved with systemic corticosteroids in one. There
was another false-positive episode probably associated with gas-
trointestinal chronic GVHD, which was included in the ‘no gas-
trointestinal chronic GVHD’ group because GVHD was absent
at the detection of positive GM antigenaemia, but gastrointesti-
nal chronic GVHD developed socn thereafter. Among these five
episodes, the GM levels became normal with the improvement
of gastrointestinal chronic GVHD in four, whereas GM antigen
monitoring was discontinued because of death from haematolo-
gical relapse in the remaining one.
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Table 4. Risk factors for false-positive GM antigenaemia before
day 100

Table 5. Risk factors for false-positive GM antigenaemia after day
100

False-

Factors positive Others P value

False-

Factors positive Others P value

Neutrophil count

<500 1 1 1.00
>500 14 8
Active GVHD on positive GM
yes 4 6 0.09
no 11 3
Grade II-IV acute GVHD on positive GM
yes 3 6 0.04
no 12 3
Grade III-IV acute GVHD on positive GM
yes 0 3 0.04
no 15 6
Gastrointestinal GVHD on positive GM
yes 2 3 033
no 13 6
Liver GVHD on positive GM
yes 0 5 <00
no 15 4
Skin GVHD on positive GM
yes 3 4 036
no 12 5
Prednisolone on positive GM (1)
>0.5 mg/kg 9 5 1.00
<0.5 mg/kg 6 4
Prednisolone on positive GM (2)
>1.0mg/kg 5 4 0.68
<1.0 mg/kg 10 5
Discussion

This study demonstrated that the sensitivity of the GM ELISA
test was 88% in patient-based analysis and PPV was 38% to
50% in episode-based analysis, which were comparable with
those in previous reports.>~® However, false-positive GM antige-
naemia frequently occurred during the first 100 days after
HSCT, and PPV was lower even among patients with grade 11—
IV acute GVHD, in whom the pre-test probability of IA was
considered to be much higher than patients without acute
GVHD.

A significant correlation between the occurrence of false-
positive GM antigenaemia and the presence of gastrointestinal
chrenic GVHD was observed in this study. GM ELISA results
were false-positive in all four episodes with gastrointestinal
chronic GVHD at the time of positive GM antigenaemia, and
there was another false-positive episode in which GVHD was
absent at the detection of positive GM antigenaemia, but gastro-
intestinal chronic GVHD developed soon thereafter. During
these episodes, piperacillin/tazobactam or amoxicillin/clavula-
nate was not given, and occult infections by some fungi reacting
with GM ELISA were not detected, both of which were pre-
viously reported as important risk factors for false-positive GM
antigenaemia.'' ~'* Meanwhile, our results were consistent with
the conclusions of other studies that concurrent mucositis in

Active GVHD on positive GM

yes 9 17 0.23
no 5 3
Extensive chronic GVHD on positive GM
yes 7 10 1.00
no 7 10
Gastrointestinal GVHD on positive GM
yes 4 0 0.02
no 10 20
Liver GVHD on positive GM
yes 5 0.73
no 9 11
Skin GVHD on positive GM '
yes 5 8 1.00
no 9 12
Oral GVHD on positive GM
yes 3 6 0.70
no 11 14
Prednisolone on positive GM (1)
>0.5 mg/kg 3 3 0.67
<0.5 mg/kg 11 17
Prednisolone on positive GM (2)
>1.0 mg/kg 2 2 1.00
<1.0 mg/kg 12 18

HSCT recipients or immature intestinal mucosa in neonates
allows the translocation of GM contained in foods, leading to
frequent false-positive GM antigenaemia,>~>*~!% These findings
suggested the possibility that passage of dietary GM into the
blood from the disrupted intestinal mucosal barrier might result
in false-positive antigenaemia in patients with gastrointestinal
chronic GVHD.

In contrast, the development of gastrointestinal acute GVHD
was not significantly associated with the occurrence of false-
positive GM antigenaemia in our series. This was probably
because the overall false-positive rate during the first 100 days
after HSCT was higher than that beyond 100 days. Mucosal
damage due to the high-dose chemotherapy or TBI in the con-
ditioning regimen might be the cause of frequent false-positive
GM antigenaemia early after HSCT.>

Pfeiffer et al.’® recently showed the significant heterogeneity
of GM test performance among patients with different preva-
lences of IA. They demonstrated that GM assay was more useful
in immunocompromised high-risk populations such as HSCT
recipients or patients with haematological malignancy than in
solid-organ transplant recipients. Although emphasizing the
utility of GM assay only when there is a high pre-test probability
of 1A, they also addressed the need for further investigations of
the reasons for the heterogeneity. Prior antifungal therapy and
false-positive results are possible explanations for the heterogen-
eity, and our findings may contribute to the effective use of
the assay. However, our study is a retrospective evaluation and
therefore there are some potential weaknesses. In this study,
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regular screening of GM antigen was not rigorously performed,
but on an on-demand basis. This is in contrast to the previous
studies in which GM antigenaemia was evaluated more inten-
sively.>~> This fact might have affected the diagnostic perform-
ance of this assay, but the high cost of this test precluded such
intensive monitoring in daily practice. In addition, we should
mention that this study might lack enough statistical power to
detect the other risk factors for false-positive antigenaemia than
gastrointestinal chronic GVHD because of the small number of
patients with positive antigenaemia. Also, the small number of
patients with positive antigenaemia precludes multivariate analy-
sis, which might be another reason for failing to find the poss-
ible impact of the other risk factors. The other major limitation
is that GM antigenaemia itself was included in the microbiologi-
cal criteria, which might have precluded the evaluation of true
performance of this assay. In this study, however, the number of
patients diagnosed with IA falls from 22 to 10, if the GM results
are excluded from the criteria, which seemed too small for the
statistical analysis. Therefore, we used the original EORTC/
MSG definitions that include GM antigenaemia in the microbio-
logical criteria.

In conclusion, frequent false-positive GM antigenaemia was
observed in allo-HSCT recipients during the first 100 days after
transplantation or in those with gastrointestinal chronic GVHD,
leading to a decreased PPV of the GM ELISA test. Therefore,
GM antigenzemia results should be considered cautiously in
these patients in conjunction with other diagnostic procedures
including CT scans.
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Long-term ultra-low-dose acyclovir against varicella-zoster virus
reactivation after allogeneic hematopoietic stem cell transplantation

Yuki Asano—Morlleoshmobu Kanda,! Kumi Oshlma Shinichi Kako Akihito Shmohara
Hideki Nakasone,! Hiroyuki Sato Takuro Watanabe Norlko Hosoya Kou |lzutsu, Takash| Asai,*
Akira Hangaishi,! Toru Motokura,’ Shlgeru Chiba,® and Mineo Kurokawa

To evaluate the efficacy of long-term prophylaxis with ultra-low-dose acyclovir against varicella-zoster virus
(VZV) reactivation, we analyzed the records of 242 Japanese adult patients who underwent allogeneic hema-
topoietic stem cell transplantation for the first time from 1995 to 2006 at our hospital. We started long-term
oral acyclovir at 200 mg/day in July 2001. Acyclovir was continued until the end of immunosuppressive
therapy and at least 1 year after transplantation. Sixty-six patients developed VZV reactivation at a median
of 248 days after HSCT, with a cumulative incidence of 34.7%. Only one breakthrough reactivation occurred
during long-term acyclovir, which responded well to therapeutic dose of valacyclovir. The use of long-term
acyclovir was the only independent determinant that significantly decreased the overall incidence of VZV
reactivation (20% vs. 50%, P < 0.0001). With this prophylaxis, visceral dissemination and serious complica-
tions other than post-herpetic neuralgia was completely eliminated, and thereby need for hospitalization
was significantly reduced (21% vs. 71%, P = 0.0034). Fifteen of the 57 patients who discontinued acyclovir
developed VZV reactivation, with a cumulative incidence of 32.1%. VZV reactivation following discontinuation
tended to occur in patients who were receiving immunosuppressive therapy at the cessation of acyclovir.
These findings suggested that long-term prophylaxis of ultra-low-dose acyclovir resulted in a successful pre-
vention of severe VZV-related symptoms and death, with a significantly decreased overall incidence of VZV
reactivation. Prolongation of prophylactic acyclovir on profound immunosuppression might be important for

thorough suppression of VZV reactivation. Am. J. Hematol. 83:472-476, 2008.

Introduction

Varicella-zoster virus (VZV) infection remains a common
complication after hematopoietic stem cell transplantation
(HSCT) [1-4]. V2V infection develops as a reactivation of
latent virus mainly between the third and twelfth month af-
ter transplantation, with a cumulative incidence of more
than 30% [1,2]. Localized dermatomal rash is the most
common clinical presentation, whereas dissemination or
visceral involvement is occasionally observed, leading to a
fatal outcome. Although most of VZV infections were suc-
cessfully treated with antiviral agents, VZV-related compli-
cations including post-herpetic neuralgia and secondary
infection significantly affect the patient's quality of life [1,5].

The introduction of long-term prophylaxis with low-dose
acyclovir against VZV reactivation has therefore been
investigated [4,6-10]. Several studies concluded that pro-
phylactic acyclovir at 600-3,200 mg/day continued for a
fixed period up to 6 months or 1 year have failed to
decrease the overall incidence of VZV reactivation [4,6-8].
Despite that VZV reactivation during prophylaxis was signif-
icantly reduced, a substantial number of VZV reactivation
occurred following the discontinuation of acyclovir. A most
recent randomized placebo-controlled trial showed a pre-
dominant occurrence of VZV reactivation after the cessa-
tion of acyclovir, which was given at 800 mg/day for 1 year
after HSCT, in recipients with prolonged immunosuppres-
sion [8]. Moreover, other studies reported that long-term
acyclovir at 400 mg/day continued until the end of immuno-
suppressive therapy could not suppress VZV reactivation
after the discontinuation of acyclovir [9,10]. Thus, the
appropriate prophylactic dose and duration of acyclovir to
decrease the overall incidence of VZV reactivation have not
been clarified.
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We carried out a novel trial of long-term acyclovir prophy-
laxis at an ultra-low-dose (200 mg/day) until the end of
immunosuppressive therapy and at least 1 year after
HSCT, and retrospectively compared the incidence of VZV
reactivation with historical control patients who did not
receive long-term prophylaxis. With this prophylaxis, lower-
cost, less side effects, and better compliance may also be
promising.

Results

Incidence and risk factors for VZV reactivation
after HSCT

In total of 242 patients, 137 received long-term acyclovir
following prophylaxis against HSV infection, whereas the
remaining 105 did not receive long-term acyclovir. Overall,
66 out of the 242 patients developed VZV reactivation at a
median of 248 days (range 50-1,494 days) after HSCT,
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Figure 1. {A) Cumulative incidences of VZV reactivation after HSCT in all 242
patients. (B} Cumulative incidences of VZV reactivation after HSCT in 137 patients
who received long-term acyclovir versus 105 patients who did not. (C) Cumulative
incidences of VZV reactivation after the cessation of long-term acyclovir in 57 eligi-
ble patients for analysis.

with a cumulative incidence of 34.7% (Fig. 1A). Only one
patient experienced a breakthrough reactivation during
long-term acyclovir, which responded promptly to a thera-
peutic dose of valacyclovir. In univariate analyses, younger
age, bone marrow transplantation, conventional regimen,
and the use of long-term acyclovir were significantly associ-
ated with the low VZV reactivation incidence rate (Table I).
In a multivariate analysis, the use of long-term acyclovir was
identified as the only independent factor that significantly
decreased the incidence of VZV reactivation (20% vs. 50%,
P < 0.0001, Table I, Fig. 1B).

Clinical features of patients who developed
VZV reactivation

Fifty-three of the 66 VZV reactivations (80%) occurred in
a localized dermatomal distribution (Table H). Clinically
significant complications developed in 17 patients, the most
common of which was post-herpetic neuralgia. Among
these complications, only post-herpetic neuralgia was seen
in three patients with long-term acyclovir, whereas serious
complications including CNS involvement, motor neuropa-
thy, and ophthalmic complications were invoived in the
remaining 14 patients without long-term acyclovir.

Fifty-two of the 66 patients developed VZV reactivation in
outpatient setting. Among these patients, hospitalization

American Journal of Hematology

TABLE |, Risk Factors for VZV Reactivation After HSCT

Factors Variables n Incidence (%) P-value

Univariate analysis

Age > 40 years old 117 25 0.005
<40 years old 125 43
Sex Male 154 34 0.71
Female 88 37
Disease risk Standard-risk 96 38 0.63
High-risk 1486 32
Graft source Bone marrow 166 40 0.06
Peripheral blood 73 25
Donor type Matched sibling donor 97 40 0.11
Alternative donor 145 31
Regimen (1) Conventional 204 37 0.05
Reduced-intensity 38 25
Regimen (2) TBI regimen 179 36 0.63
Non-TBI regimen 63 32
Long-term ACV ~ Yes 137 20 <0.0001
No 105 50
Factors Variables n Relative risk P-value
95% Cl
Grade II-1V Yes 97 1.18 0.51
acute GVHD No 145 (0.72-1.94)
Chronic GVHD Yes 131 0.87 0.62
No 76 (0.51-1.50)
Factors Relative risk ~ 95% Cl P-value
Multivariate analysis
Long-term ACV 0.23 0.13-0.39 <0.0001

was required for VZV reactivation in 3 of 14 patients with
long-term acyclovir and in 27 of 38 patients without long-
term acyclovir (21% vs. 71%, P = 0.0034).

Seven of the 66 patients with VZV reactivation (11%)
developed recurrent VZV reactivation in the different der-
matome, at a median of 95 days (range 55-798 days) after
the first episode. All of them never received acyclovir after
finishing the treatment for the first episode. At the time of
recurrence, five of the seven patients were receiving immu-
nosuppressive therapy and the remaining two showed
severe lymphocytopenia less than 300/ul due to chemother-
apy for relapse of hematological malignancy. The third epi-
sode of VZV reactivation occurred in two patients, at 158
and 240 days after the second reactivation. None was
receiving acyclovir at the time of second or third VZV reac-
tivation. All the patients responded well to treatment with
antiviral agents, and none of them directly died of VZV
reactivation.

Incidence and risk factors for VZV reactivation
after the cessation of long-term acyclovir

Of 137 patients who received long-term acyclovir, 73
patients were receiving acyclovir until VZV reactivation,
their last follow-up, or death. The other seven died within a
week following the discontinuation of acyclovir. Therefore,
80 patients were excluded and only 57 patients were eligi-
ble for analysis after the cessation of acyclovir. The median
follow-up duration from the discontinuation of acyclovir was
279 days (range 9-1,936 days). They received long-term
acyclovir with a median prophylactic period of 358 days
(range 49-1,259 days). Fifteen patients developed VZV
reactivation at a median of 147 days (range 5415 days)
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TABLE Il. Clinical Presentation and Secondary Complications of
VZV Reactivation

TABLE lIl. Risk Factors for VZV Reactivation After the Cessation
of Long-Term ACV

Low-dose ACV No Yes Total  Factors Variables n Incidence(%) P-value
Total patients 105 137 242 ynivariate analysis
VZV reactivation 50 16 66 Age >40 years old 31 34 0.56
Out-patient onset 38 14 52 <40 years old 26 29
Hospitalized 27 3 30 gex Male 36 21 0.14
Treated as outpatient 1 11 22 Female 21 54
Valacyclovir 4 8 12 Disease risk Standard-risk 26 30 0.39
Acyclovir 7 3 10 High-risk 31 34
Clinical presentations Graft source Bone marrow 28 34 0.96
Localized 39 14 53 Peripheral blood 28 41
Trigeminal 4 2 6 Donor type Matched sibling 23 29 0.61
Cervical 5 1 6 donor
Thoracic 22 5 27 Alternative donor 34 34
Lumbar 5 4 9 Regimen (1) Conventional 43 32 0.94
Sacral 3 2 5 Reduced-intensity 14 31
Disseminated 11 2 13 Regimen (2) TBI regimen 42 30 057
Cutaneous 7 2 9 Non-TBI regimen 15 38
Visceral 4 0 4 Duration of <1 year 33 30 0.85
Complications o 14 3 17 long-term ACV  >1 year 24 33
Ophthalmic complications 1 0 1 Immunosuppressive  Yes 25 44 0.12
Motor neuropathy 1 0 1 therapy atthe  No 2 20
CNS involvement 3" 0 3 cessation of ACV
Postharptic meumigi § 8 L Factors Variables n Relative risk  P-value
*One patient had both CNS involvement and post-herpetic neuralgia. 95% ClI
Chronic GVHD Yes ar 1.68 0.47
No 17  (0.40-6.99)

after the discontinuation of acyclovir, with a cumulative inci-
dence of 32.1% (Fig. 1C). Although statistically significant
risk factors were not identified to affect the incidence of
VZV reactivation after discontinuation, ongoing immunosup-
pressive therapy at the cessation of acyclovir tended to
increase the incidence of VZV reactivation (Table Il1).

Discussion

This study demonstrated that the long-term prophylactic
acyclovir at 200 mg/day was highly effective to reduce VZV
reactivation, dissemination and serious complications, as well
as VZV-related mortality in HSCT recipients. There was only
one breakthrough of localized reactivation that responded
well to the therapeutic dose of valacyclovir. A once-a-day
dosing of 200 mg until the cessation of immunosuppressive
therapy and at least 1 year after HSCT significantly de-
creased the overall incidence of VZV reactivation from 50 to
20%, in contrast with the previous studies in which various
doses of 600 mg/day or more were given for a fixed period
up to 6 months or 1 year after HSCT without significant
reduction of the overall incidence of VZV reactivation [4,6-8].
Although an optimal prophylactic dose and duration of acy-
clovir administration has not been clarified, this extended pro-
phylactic approach to continue acyclovir until the end of
immunosuppressive therapy and at least 1 year after HSCT
may be more appropriate than the shorter prophylaxis or
fixed-duration prophylaxis. Also, this is the first report that the
ultra-low-dose of acyclovir at only 200 mg/day was sufficient
to prevent VZV reactivation during prophylaxis.

In this study, however, VZV reactivation was not uncom-
mon after the discontinuation of long-term acyclovir, as pre-
viously observed in the other two studies in which acyclovir
at 400 mg/day was given until the end of immunosuppres-
sive therapy [9,10]. Nevertheless, the severity of clinical
symptoms was ameliorated and thereby need for hospitali-
zation was markedly reduced by the long-term acyclovir.
Among the 15 patients who developed VZV reactivation af-
ter the cessation of acyclovir, none showed visceral dis-
semination or serious complications. The less severe symp-
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toms in patients with long-term acyclovir may reflect the
contribution of VZV-specific immune recovery, which might
have been accelerated by subclinical VZV reactivation. It
has been shown that in vivo re-exposure to VZV antigens
without clinical symptoms may boost immunity and thereby
prevent subsequent symptomatic VZV reactivation [11].
Lower daily dosing of 200 mg might have permitted subclin-
ical VZV reactivation to establish the reconstitution of VZV-
specific immunity. There is another possibility that need for
hospitalization in patients with long-term acyclovir might
have been reduced by the use of valacyclovir, which
became available from October 2000 in Japan. However,
mild cases of VZV reactivation had been treated with oral
acyclovir, and actually 7 of 11 patients who developed VZV
reactivation without long-term acyclovir were successfully
treated with oral acyclovir without hospitalization. Therefore,
we suppose that a decreased hospitalization rate in
patients with long-term acyclovir was due to less severe
symptoms rather than the availability of valacyclovir.

In some patients, long-term acyclovir was discontinued
within a year at the physician’s discretion or at the request
of the patients. This is a limitation of this study, but it
revealed that ongoing immunosuppressive therapy at the
cessation of acyclovir tended to be more frequently associ-
ated with VZV reactivation following discontinuation, which
agreed with the conclusion of Boeckh’s study that VZV
reactivation predominantly occurred in patients with contin-
ued systemic immunosuppression [8]. They did not find any
significant difference in the reconstitution of VZV-specific
immunity between the acyclovir and placebo groups follow-
ing the 1-year prophylaxis at 800 mg/day. In addition, the
study with long-term acyclovir at 400 mg/day also showed
that VZV reactivation after the cessation of acyclovir was
observed only in patients who were receiving resumed
immunosuppressants [10]. In this study, three patients with
long-term acyclovir experienced dissemination and/or post-
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herpetic neuralgia, all of whom were receiving prolonged
immunosuppressive therapy for chronic GVHD both at the
cessation of acyclovir and at the time of VZV reactivation.
These findings suggest that VZV reactivation as well as the
severity of symptoms is strongly related to the decline
in VZV-specific immunity as a result of HSCT and/or im-
munosuppressive therapy. Therefore, continuing acyclovir
in patients with profound immunosuppression is recom-
mended for further prevention of VZV reactivation. Another
possible approach is to administer inactivated VZV vaccine
at the discontinuation of acyclovir [12].

In conclusion, this study showed that the long-term pro-
phylaxis with ultra-low-dose acyclovir might be an effective
strategy for the suppression of VZV reactivation during pro-
phylaxis and minimizing the long-term risks of VZV-related
complications and mortality. Further investigation is neces-
sary to evaluate the validity of resuming acyclovir for
patients with resumed immunosuppressive therapy.

Patients and Methods

Study population

A total of 271 consecutive adult patients (>16 years old) underwent
allogeneic HSCT for the first time at the University of Tokyo Hospital
between June 1995 and November 2006. Five patients who died within
35 days after HSCT were excluded, and clinical data for this study
were available for 242 of the remaining 266 patients. A median foliow-
up was 486 days (range, 37—4,209 days) from HSCT for the entire
cohort of 242 patients, Thirty-eight patients who received reduced-in-
tensity conditioning were included. The patient characteristics are sum-
marized in TABLE IV. Ninety-seven, 42 and 103 patients received graft
from an HLA-matched sibling donor, a mismatched related donor, and
a maiched unrelated donor, respectively. Unrelated HSCT was per-
formed exclusively using bone marrow, whereas 73 out of 139 related
donors chose to donate peripheral blood stem cell graft. Acute leuke-
mia in first remission, chronic myelogenous leukemia in first chronic
phase, myelodysplastic syndrome with refractory anemia or refractory
anemia with ringed sideroblasts, and aplastic anemia were defined as
low-risk diseases, while others were considered high-risk diseases.
Donors other than HLA-matched sibling donors were defined as alter-
native donors.

Transplantation procedure

The conventional preparative regimen for leukemia/lymphoma was
mainly performed with either total body irradiation (TBI) regimen (cyclo-
phosphamide (Cy) at 60 mg/kg for 2 days and TBI at 2 Gy twice daily
for 3 days) or non-TBI regimen (Cy at the same dose combined with
busultan (Bu) at 4 mg/kg for 4 days). In TBI regimen, the dose of Cy
was decreased to 40 mg/kg for 1 day and etoposide at 20 mg/kg for
2 days was added instead in patients with impaired cardiac function.
Fludarabine (Flu)-based regimens included FB regimen (Flu at 30 mg/m?
for 6 days and Bu at 4 mg/kg for 2 days) with or without TBI at 4 Gy,
FB16 regimen (Flu at the same dose with Bu at 4 mg/kg for 4 days),
FM regimen (Flu 30 mg/m? for 5 days and melphalan at 140 mg/m® for
1 day), and FC regimen (Flu at 25 mg/m? for 5 days and Cy at 60 mg/
kg for 2 days) were used as reduced-intensity regimens for elderly or
clinically infirm patients [13). Gemcitabine at 1,000 mgrkg/m? for 3 days
was added to the FB regimen for patients with pancreatic cancer [14].
The conditioning regimen for aplastic anemia was either a rabbit anti-
thymocyte globulin (ATG) regimen (Cy at 50 mg/kg for 4 days and ATG
at 5 mg/kg for 5 days with or without TBI at 4 Gy) or an alemtuzumab
regimen (Cy at 25 mg/kg for 4 days and Flu at 30 mg/kg for 4 days
combined with alemtuzumab at 0.2 mg/kg for 6 days, with or without
TBI at 2 Gy).

For prophylaxis against GVHD, cyclosporine A (CsA) at 3 mg/kg/day
or tacrolimus at 0.03 mg/kg/day was combined with short-term metho-
trexate (10-15 mg/m? on Day 1, 7-10 mg/m? on Days 3 and 8, and
optionally on Day 11). For patients who received graft from an HLA-
mismatched donor, alemtuzumab was added to the TB! regimen or the
FB regimen at 0.2 mg/kg for 6 days [15]. Methyl-prednisolone (mPSL)
or prednisolone (PSL) at 1 or 2 mg/kg was added for patients who
developed grade lI-IV acute GVHD, whereas PSL at 0.5 mg/kg or more
was added for patients who developed extensive chronic GVHD. Pro-
phylaxis against bacterial, fungal, and Pneumocystis jirovecii infections
consisted of fluconazole, tosufloxacin, and sulfamethoxazole/trimetho-
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TABLE V. Patients’ Characteristics

Characteristic Total patients
Sex (male/female) 154/88
Age, median (range) 39 (16-66)
Underlying disease Acute leukemia 121
CML 50
MDS 26
NHL/ATL 25
SAA 10
Other 10
Graft source PBSC 73
BM . 166
CB 3
Donor type Matched sibling 97
Mismatched related 42
Unrelated 103
VZV seropositivity Positive 231
Negative 3
Not examined 8
Preparative regimen Cy (Etp)/TBI-based regimens 167
Bu/Cy-based regimens 37
ATG-based regimens for SAA 7
Flu-based RIC 31
GVHD prophylaxis CsA + MTX 200
Tacrolimus + MTX 18
Alemtuzumab + CsA + MTX 24
Acute GVHD Grade 01 145
Grade -V 97
Chronic GVHD Extensive 86
Limited 45
None 76

VZV indicates varicella zoster virus; CML, chronic myelogenous leuke-
mia; MDS, myelodysplastic syndrome; NHL, non-Hodgkin's lymphoma;,
ATL, adult T-cell leukemia/lymphoma; SAA, severe aplastic anemia;
PBSC, peripheral blood stem cell; BM, bone marrow; CB, cord blood;
Cy. cyclophosphamide; Etp, etoposide; TBI, total body irradiation; Bu,
busulfan; ATG, antihymocyte globulin; Flu, fludarabine; RIC, reduced in-
tensity conditioning; GVHD, graft-versus-host disease; CsA, cyclospo-
rine; MTX, methotrexate.

prim. Antigenemia-guided pre-emptive therapy against CMV infection
was performed as described previously [16].

Diagnosis and treatment of VZV reactivation

The diagnosis of VZV reactivation was established by the presence
of characteristic vesicular skin lesion on an erythematous base within
dermatome or a generalized cutaneous distribution. Microbiological
and/or pathological confirmation was performed only in equivocal
cases. Post-herpetic neuralgia was defined as dermatomal pain persist-
ing beyond 1 month after initial presentation of VZV reactivation. VZV
reactivation was treated with intravenous acyclovir at 15-30 mg/kg/day
in the majority of patients, and followed, in some patients, by oral acy-
clovir at 1~4 g/day or oral valacyclovir at 3 g/day, for a total treatment
period of 5-42 days. A proportion of patients received outpatient treat-
ment only, with valacyclovir 3 g/day orally for 5-10 days. The doses
and dosing interval of these drugs were adjusted according to the cre-
atinine clearance in patients with renal impairment.

Prophylactic administration of acyclovir

As prophylaxis against herpes simplex virus infection (HSV), acyclo-
vir was given at 750 mg/day intravenously or at 1,000 mg/day orally
from Day 7 to 35. We started long-term oral administration of acyclovir
at an ultra-low-dose (200 mg/day) as prophylaxis against VZV reactiva-
tion (hereinafter described as “long-term acyclovir”) in July 2001, and it
was applied for all allogeneic fransplantation recipients thereafter.
Long-term acyclovir was principally given from Day 36 until the end of
immunosuppressive therapy and at least 1 year after HSCT. When
intravenous ganciclovir was required for the treatment of CMV infection,
acyclovir was discontinued during the course of intravenous ganciclovir
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and resumed afterward. In some patients, acyclovir was discontinued
within a year or before the cessation of immunosuppressive therapy at
the physician’s discretion or at the request of patients themselves.

Statistical analysis

The cumulative incidence of VZV reactivation and the impact of pos-
sible confounding factors on VZV reactivation were evaluated using
Gray's method, considering death without VZV reactivation as a com-
peting risk [17). The development of acute and chronic GVHD was
treated as time-dependent covariates. The influence of chronic GVHD
was evaluated only in patients who survived longer than 100 days. Fac-
tors associated with at least borderline significance (P < 0.10) in uni-
variate analyses were subjected to a multivariate analysis using back-
ward stepwise proportional-hazard modeling. P-values of less than
0.05 were considered statistically significant.
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Abstract Late cytomegalovirus (CMV) disease beyond
day 100 after hematopoietic stem cell transplantation
(HSCT) has become an increasing problem after the
introduction of preemptive ganciclovir (GCV) administra-
tion. To clarify the risk factors and outcome for late CMV
reactivation and disease, we retrospectively analyzed the
records of 101 Japanese adult patients who underwent
allogeneic HSCT between 1998 and 2005 at our hospital.
Fifty-one developed late positive CMV antigenemia, with a
cumulative incidence of 53%. Recipient CMV seroposi-
tivity, the use of alemtuzumab, chronic GVHD, and
high-dose steroids were significantly associated with late
positive antigenemia. Eight patients developed late CMV
disease, with a cumulative incidence of 8%, including
retinitis and gastrointestinal disease. None progressed to a
fatal disease. The use of alemtuzumab was identified as an
independent significant risk factor for late CMV disease,
although it was not associated with increased non-relapse
mortality. Among the 51 patients with late positive anti-
genemia, 28 had consistently less than three positive cells,
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25 of whom showed negative conversion without antiviral
agents. In conclusion, late CMV antigenemia appeared to
develop frequently, especially in patients with profound
immune suppression; however, a fatal outcome could be
prevented by optimal preemptive therapy. Low-level anti-
genemia may not require antiviral treatments.

Keywords Cytomegalovirus - Antigenemia -
Ganciclovir - Preemptive therapy -
Hematopoietic stem cell transplantation

1 Introduction

Despite the widespread use of prophylactic and preemptive
ganciclovir (GCV) therapy, cytomegalovirus (CMV) dis-
ease remains one of the major causes of morbidity and
mortality after allogeneic hematopoietic stem cell trans-
plantation (HSCT). Late occurrence of CMV disease
beyond day 100 after HSCT is now increasingly observed,
although early CMV disease within the first 100 days has
been significantly decreased by the introduction of uni-
versal prophylaxis from engraftment or preemptive therapy
with monitoring the CMV viral load [1-4]. The delayed
CMV-specific immune reconstitution and antiviral drug
resistance might have led to an increased incidence of late
CMYV disease [5, 6]. The main clinical manifestations are
pneumonia and gastrointestinal disease [1, 2, 4], whereas
retinitis and central nervous system disease are occasion-
ally observed [6, 7]. Late CMV disease has frequently
progressed to a fatal outcome with a mortality rate up to
50% [1, 2, 4], probably because most of the recipients are
outpatients with less intensive monitoring and therefore,
the antiviral agents tend to be administered after CMV-
related symptoms are detected.
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Although preemptive therapy with CMV monitoring has
been successful in preventing early CMV disease [8], the
efficacy of such an approach beyond day 100 remains to be
evaluated. We have been routinely continuing CMV
monitoring beyond day 100 and administered GCV pre-
emptively. In this study, we retrospectively analyzed the
incidence, risk factors, and outcome of late CMV reacti-
vation and disease in allogeneic HSCT patients.

2 Patients and methods
2.1 Study population

During a 7-year period (from January, 1998 to September,
2005), 205 adult patients (>16 years old) underwent allo-
geneic HSCT for the first time at the University of Tokyo
Hospital. Twenty-nine patients died within the first
100 days after HSCT, two of whom developed CMV dis-
ease. Among the remaining 176 patients who survived
more than day 100 after HSCT, the day of the first negative
antigenemia test without any antiviral agents beyond day
100 was defined as the starting point of late CMV antige-
nemia monitoring. The median period from HSCT to the
starting point was 100 days (100-207 days). Eleven
patients who developed CMV disease before the starting
point and 64 who did not undergo CMV antigenemia assay
at least five times after the starting point were excluded.
Finally, 101 patients were included in the study.

The median follow-up was 12.6 months (range 4.8—
74 months) after HSCT. The patient characteristics are
shown in Table 1. Thirty-five, twenty, and forty-six
patients received grafts from a HLA-matched related
donor, a mismatched related donor, and a matched unre-
lated donor, respectively. Unrelated HSCT was performed
exclusively using bone marrow, whereas 40 out of 55
related donors provided a peripheral blood stem cell graft.
Acute leukemia in first remission, chronic myelogenous
leukemia in the first chronic phase, myelodysplastic syn-
drome with refractory anemia or refractory anemia with
ringed sideroblasts, and aplastic anemia were defined as
low-risk diseases, while others were considered high-risk
diseases. Donors other than HLA-matched related donors
were defined as alternative donors.

2.2 Transplantation procedure

The conventional preparative regimen for leukemia/lym-
phoma was mainly performed with either total body
irradiation (TBI) regimen [cyclophosphamide (Cy) at
60 mg/kg/day for 2 days and TBI at 2 Gy twice daily for
3 days] or non-TBI regimen [Cy at the same dose combined
with busulfan (Bu) at 4 mg/kg/day for 4 days]. In the TBI

Table 1 Patients’ characteristics

Characteristic Total patients
Sex (male/female) 65/36
Age, median (range) 41.0 (16-66)
Serostatus before transplant

Recipient CMV-positive/negative 90/11
Donor CMV-positive/negative 80/21
Underlying disease

Acute leukemia 46
CML 21
MDS 12
NHL/ATL 11
SAA 5
Other 6
Graft source

PBSC 40
BM 61
Donor type

Matched related ) 35
Mismatched related 20
Unrelated 46
Preparative regimen

Cy/TBI-based regimen 66
Bu/Cy-based regimen 11
ATG-including regimen 3
Flu-based reduced-intensity regimen 21
GVHD prophylaxis

CsA + MTX 78
Tacrolimus + MTX 10
Alemtuzumab + CsA + MTX 13
Chronic GVHD

Extensive 53
Limited 21
None 27

CMV cytomegalovirus, CML chronic myelogenous leukemia, MDS
myelodysplastic syndrome, NHL non-Hodgkin lymphoma, ATL adult
T-cell leukemia/lymphoma, SAA severe aplastic anemia, PBSC
peripheral blood stem cell, BM bone marrow, Cy cyclophosphamide,
TBI total body irradiation, Bu busulfan, ATG anti-thymocyte globulin,
Flu fludarabine, GVHD graft-versus-host disease, CsA cyclosporine,
MTX methotrexate

regimen, the dose of Cy was decreased to 40 mg/kg for
1 day and etoposide at 20 mg/kg for 2 days was added
instead, in patients with impaired cardiac function.
Fludarabine (Flu)-based regimens, including FB regimen
(Flu at 30 mg/m*/day for 6 days and Bu at 4 mg/kg/day for
2 days) with or without TBI at 4 Gy, FB16 regimen (Flu at
the same dose with Bu at 4 mg/kg/day for 4 days),
FM regimen (Flu 30 mg/mz/day for 5 days and melphalan
at 140 mg/m*day for 1 day), and FC regimen (Flu at
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25 mg/m*/day for 5 days and Cy at 60 mg/kg/day for
2 days), were used as reduced-intensity regimens for
elderly or clinically infirm patients [9]. Gemcitabine at
1,000 mg/m?*/day for 3 days was added to the FB regimen
for patients with pancreatic cancer [10]. The conditioning
regimen for aplastic anemia was either a rabbit anti-
thymocyte globulin (ATG) regimen (Cy at 50 mg/kg/day
for 4 days and ATG at 5 mg/kg/day for 5 days with or
without TBI at 4 Gy) or an alemtuzumab regimen (Cy at
25 mg/kg/day for 4 days and Flu at 30 mg/kg/day for
4 days combined with alemtuzumab at 0.2 mg/kg/day for
6 days, with or without TBI at 2 Gy).

For prophylaxis against GVHD, cyclosporine A (CsA) at
3 mg/kg/day or tacrolimus at 0.03 mg/kg/day was admin-
istered combined with short-term methotrexate (10-15 mg/
m?onday 1, 7-10 mg/m? on days 3 and 6, and optionally on
day 11). For patients who received a graft from a haplo-
identical HLA-mismatched donor, alemtuzumab was added
to the TBI regimen or the FB regimen at 0.2 mg/kg for
6 days [11]. Methylprednisolone (mPSL) or prednisolone
(PSL) at 1 or 2 mg/kg was added for patients who devel-
oped grade 2—4 acute GVHD, whereas PSL at 0.5 mg/kg or
more was added for patients who developed extensive
chronic GVHD. Prophylaxis against bacterial, fungal, her-
pes simplex virus, and pneumocystis jirovecii infections
consisted of fluconazole, tosufloxacin, acyclovir, and
sulfamethoxazole/trimethoprim.

2.3 CMV antigenemia assay

CMV antigenemia assay was performed as described
previously [12]. In brief, 1.5 x 10° peripheral blood
leukocytes were attached to a slide, using a cytocentrifuge
and fixed with formaldehyde. The cells were sequentially
immunostained with monoclonal antibody C10/11
(Clonab CMYV; Biotest, Dreieich, Germany), which targets
CMV pp65 antigen, and reacted with goat alkaline
phosphatase-labeled anti-mouse immunoglobulin (Mitsu-
bishi Kagaku Iatron Inc, Tokyo, Japan). Under light
microscopy, CMV-positive cells were counted and the
results are presented as the sum of the number of positive
cells per two slides.

2.4 Preemptive therapy for CMV disease

Preemptive therapy against CMV disease was performed
by weekly monitoring of CMV antigenemia after
engraftment, as described previously [13]. Until June
2001, intravenous GCV was started at an induction dose
of 10 mg/kg/day when ten or more CMV-positive cells
were detected in patients who underwent HSCT from a
HLA-matched related donor and when positive cells were
detected at any level in patients who underwent HSCT
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from an alternative donor. From July 2001, the induction
dose was decreased to 5 mg/kg/day and the threshold of
antigenemia to start GCV was changed to twenty and
three positive cells for patients who underwent HSCT
from a HLA-matched related donor and an alternative
donor, respectively [14]. The dose of GCV was increased
to 10 mg/kg/day when rising antigenemia was observed.
The dose of GCV was adjusted according to renal
function [15]. GCV was continued until negative anti-
genemia was observed. Beyond day 100 after HSCT,
CMV monitoring was continued at least every other
week in 90 patients and at longer intervals in the
remaining 11 patients. GCV was administered in a sim-
ilar manner as before day 100, at the discretion of
attending physicians.

2.5 Definition of late positive CMV antigenemia
and CMYV disease

Late positive CMV antigenemia was defined as the detec-
tion of CMV-positive cells at any level after the starting
point. Recurrent CMV antigenemia was defined as the
detection of CMV-positive cells after the negative con-
version of late positive CMV antigenemia. All patients
with symptoms compatible with CMV disease, such as
interstitial pneumonia, colitis, or gastritis underwent
extensive pathological and microbiological examination of
biopsy specimens. Biopsy was performed in all cases of
interstitial pneumonia, colitis, and gastritis. The diagnosis
of these CMV diseases was made by histopathological
examination and immunochemical staining of biopsy
specimens, which demonstrated typical CMV inclusion
bodies. To establish a definite diagnosis of CMV retinitis,
patients received PCR to detect CMV-DNA using aqueous
humor and/or ophthalmoscopy, which demonstrated typical
findings of CMV retinitis, including a white fluffy retinal
infiltrate with several areas of hemorrhage or a granular
white area without hemorrhage.

2.6 Statistical analysis

The cumulative incidences of late positive CMV antige-
nemia and CMV disease, and the impact of possible
confounding factors on these events were evaluated using
Gray’s method, considering death without each event as a
competing risk [16]. The cumulative incidence of non-
relapse mortality (NRM), and the impact of possible con-
founding factors on NRM were evaluated, considering
relapse as a competing risk. The development of chronic
GVHD and the use of systemic corticosteroids at >0.5 mg/
kg/day were treated as time-dependent covariates. Factors
associated with at least borderline significance (P < 0.10)
in univariate analyses were subjected to multivariate
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analysis using backward stepwise proportional-hazard
modeling. P-values <0.05 were considered significant.

3 Results

3.1 Incidence and risk factors for late positive CMV
antigenemia

Overall, 51 of 101 patients developed late positive anti-
genemia at a median of 29 days (range 1-483 days) after
the starting point, with a cumulative incidence of 53%
(Fig. 1a). In univariate analyses, recipient CMV seroposi-
tivity, the use of alemtuzumab in a conditioning regimen,
the preceding detection of CMV antigenemia, prior use of
GCV, the development of chronic GVHD, and the use of
systemic corticosteroids at >0.5 mg/kg/day were signifi-
cantly associated with the development of late positive
antigenemia (Table 2). In multivariate analysis, recipient
CMV seropositivity, the use of alemtuzumab in a condi-
tioning regimen, the development of chronic GVHD, and
the use of systemic corticosteroids at >0.5 mg/kg/day were
identified as independent risk factors for late positive
antigenemia.

Fifty (98%) of the 51 patients with late positive anti-
genemia showed negative conversion of antigenemia after
a median of 21 days (range 2-430 days). The median peak
antigenemia level was only two positive cells per two
slides (range 1-268). Twenty-eight patients developed late
CMYV antigenemia with consistently less than three positive
cells (low-level antigenemia), 25 of whom showed nega-
tive conversion without GCV administration (Table 3A).
Of the remaining 23 patients who developed high-level
antigenemia with three or more positive cells, all but one
who died of invasive aspergillosis (IA) achieved negative
conversion, with (n = 17) or without (n =5) GCV
administration. Twenty-nine of the 50 patients (58%) had
recurrent antigenemia at a median of 14 days (range 3-
714 days) after the first negative conversion (Table 3B).
The second recurrence was observed in 17 of 26 patients,
after a median of 21 days (range 4-323 days) after the
second negative conversion.

3.2 Incidence and risk factors for late CMV disease

Eight patients developed late CMV disease at a median of
54 days (range 14-248 days) after the starting point, with a
cumulative incidence of 8%, (Fig. 1b). Female sex, the use
of alemtuzumab in the conditioning regimen, the preceding
detection of CMV antigenemia, prior use of GCV, and the
development of chronic GVHD were associated with a
higher incidence of late CMV disease with at least bor-
derline significance (P < 0.10) (Table 4). Among these,
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late CMV disease, and ¢ non-relapse mortality. The definition of the
starting point is described in the text

the use of alemtuzumab in the conditioning regimen was
the only independent risk factor for late CMV disease.

Late CMV disease involved retinitis in four, colitis in
three, and gastritis in one (Table 5). Three of the four
patients with retinitis were asymptomatic. Although all of
these CMV diseases were successfully treated with GCV,
two patients died of bronchiolitis obliterans and IA, after
the resolution of CMV disease. Among the eight patients
with late CMV disease, seven developed CMV disease
after the development of late positive antigenemia. Five
developed CMV disease after the first episode, and the
other two after recurrent antigenemia. The median peak
antigenemia level was ten positive cells per two slides
(range 4-186). The remaining patient developed late CMV
disease before the development of late positive antigene-
mia. All patients achieved negative conversion by the
administration of intravenous GCV.
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Table 2 Risk factors for late positive CMV antigenemia

Table 2 continued

Univariate analysis

Factors n Incidence (%) P-value
Age

>40 years old 56 63 0.30
<40 years old 45 44
Sex

Male 65 52 0.40
Female 36 54
Disease risk

Standard risk 40 51 0.80
High risk 61 54
Graft source

Bone marrow 61 46 0.18
Peripheral blood 40 64

Donor type

Matched related donor 35 47 0.51
Alternative donor 66 56

Regimen

TBI regimen 72 54 0.81
Non-TBI regimen 29 50

Regimen

With alemtuzumab 13 69 0.041
Without alemtuzumab 88 47

Donor CMV

Seropositive 80 57 0.18
Seronegative 21 33

Recipient CMV

Seropositive 90 58 0.0069
Seronegative 11 9

Prior CMV antigenemia

Yes 74 61 0.0053
No 27 32

Prior use of GCV

Yes 59 62 0.012
No 42 41

Year of transplant

Before June 2001 30 50 0.77
After July 2001 ! 54

Factors (time-dependent n Relative risk P-value
covariates) 95% CI)

Chronic GVHD

Yes 74 329 (1.81-5.97) <0.0001
No 27

Steroid at >0.5 mg/kg

Yes 56 277 (1.16-4.45) 0.017
No 45
@ Springer

Multivariate analysis

Factors Relative risk  95% CI P-value
Steroid at >0.5 mg/kg 2.13 1.04-4.38 0.040
Chronic GVHD 2.87 1.54-5.35 0.00095
With alemtuzumab 2.54 1.20-537 0015
Recipient CMV seropositive  13.0 1.77-95.6 0.012

3.3 Incidence and risk factors for non-relapse mortality

Seventeen patients died of non-relapse causes more than
100 days after HSCT, with a 3-year cumulative incidence
of 22% (Fig. 1c). Male sex and the use of systemic corti-
costeroids at >0.5 mg/kg were associated with a higher
NRM with at least borderline significance (Table 6). The
use of systemic corticosteroids at >0.5 mg/kg was identi-
fied as independently significant for NRM in multivariate
analysis. The direct causes of death included non-infectious
pulmonary complications (NIPC) in seven patients, infec-
tions other than CMYV in five, gastrointestinal bleeding in
two, multiple organ failure in two, and acute myocardial
infarction in one. Fifteen of the seventeen patients received
systemic corticosteroids at >0.5 mg/kg after the starting
point, for severe chronic GVHD in eight, NIPC in four,
respiratory failure caused by infections in two, and he-
mophagocytic syndrome in one.

4 Discussion

This study demonstrated that the cumulative incidence of
late CMV disease was successfully decreased and CMV-
related mortality was completely avoided by preemptive
therapy with extended CMV antigenemia monitoring
beyond day 100, in spite of a high frequency of late CMV
reactivation. The use of alemtuzumab was the only sig-
nificant independent risk factor for late CMV disease,
while recipient CMV seropositivity, the use of ale-
mtuzumab, chronic GVHD and high-dose steroids were
important determinants for late positive antigenemia. A
significant correlation between the development of late
positive antigenemia and these risk factors is consistent
with the clinical observation that the development of
chronic GVHD and the use of alemtuzumab or high-dose
steroid resulted in delayed recovery of CMV-specific
immune response, leading to an increased incidence of late
CMV reactivation [17, 18]. Extended CMV-antigenemia
monitoring is strongly recommended in such patients with
profound immunosuppression.
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Table 3 Time course of late positive CMV antigenemia

A. Time course of CMV-Ag in 51 patients who developed late positive antigenemia

Peak level after Number of Use of Number of Peak value Patients with negative
late positive Ag patients (n) GCV patients (n) of CMV-Ag conversion
CMV-Ag <3 28 (-) 25 1(1-2) 25
+) 2 (1-2) 3
CMV-Ag >3 23 (-) 4 (3-8) 5
+) 18 12 (3-268) 17
B. Recurrence of late positive CMV antigenemia
Late positive CMV Number of  Patients with late ~ Value of CMV-Ag  Peak value of  Use of GCV  Patients with negative
antigenemia patients (n)  positive Ag (n) at late positive Ag  CMV-Ag conversion
First late positive Ag 101 51 1 (1-268) 2 (1-268) 21 50
Second late positive Ag 50 29 1 (1-18) 1 (1-86) 14 26
Third late positive Ag 26 17 2 (1-126) 3 (1-126) 8 16
Table 4 Risk factors for late CMV disease Table 4 continued
Univariate analysis Univaoite anabpsis
Factors B Incidence (%) Povalue Factors n Incidence (%) P-value
Age Prior CMV antigenemia
>40 years old 56 9 0.66 Yeu 74 1l 0:073
<40 years old 45 7 Mo = 0
s Prior use of GCV
ex
Male 65 5 0.094 Yes 59 12 0.080
Female 36 15 bl “ o
Disease 7isk Year of transplant
Standard risk 40 8 0.90 Before June 2001 30 3 0.26
High risk 61 9 After July 2001 71 10
Graft source Factors (time-dependent n Relative risk P-value
Bone marrow 61 5 0.18 covariates) (95% CI)
Peripheral blood 40 13 Chronic GVHD
Donor type Yes 74 9.27 (1.11-77.5) 0.040
Matched related donor 35 3 0.17 No 27
Alternative donor 66 11 Steroid at >0.5 mg/kg
Regimen Yes 56 1.12 (0.21-5.90) 0.90
TBI regimen 72 10 0.29 No 45
Non-TBI regimen 29 3
Regimen Multivariate analysis
With alemtuzumab 13 31 0.00097 Factors Relative risk 95% CI P-value
Without alemts b 88 5
fhout alemiuzuma With alemtuzumab 8.0 202-333 00032
Donor CMV
Seropositive 80 9 0.58
Seronegative 21 5 o . . )
Recipient CMV The mc1denc§ of laFe CMV .dlsease in our series was
Serapositive 90 9 031 lower than th;t in prev1'ousl stﬁdles, where 1antnvxral agents
T 1 0 were not used preemptively beyond day 100 [1-3]. In a
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Table 6 Risk factors for 3-year non-relapse mortality

Univariate analysis
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who did not receive antiviral agents preemptively more
than 3 months after HSCT, developed late CMV disease,
including pneumonia and gastrointestinal disease predom-
inantly, with a mortality rate of 46%. Other studies have
also confirmed that CMV pneumonia was the leading
manifestation of late CMV disease with an associated
mortality rate ranging from 60 to 80%, in the absence of
preemptive therapy [1, 4]. In contrast, we exclusively
observed late CMV retinitis and/or gastrointestinal disease,
none of which was directly related to death. These findings
suggest that preemptive therapy with extended CMV
antigenemia monitoring, reduced the incidence of late
CMV disease and eradicated fatal CMV disease.

The use of alemtuzumab was the only independent
significant risk factor for late CMV disease, although it
was not associated with increased non-relapse mortality.
This finding is inconsistent with the conclusion of previ-
ous studies that the use of alemtuzumab did not result in
an increased incidence of CMV disease in two previous
studies despite a strong association with the high fre-
quency of CMV reactivation [11, 17]. In this study, four
of the 13 patients who received alemtuzumab developed
late CMV disease, three of whom had retinitis. Two cases
of retinitis were asymptomatic and diagnosed by oph-
thalmologic  screening. =~ We  performed  routine
ophthalmologic screening as a standard practice only in
patients who received alemtuzumab, based on the asso-
ciation between a high incidence of CMV reactivation
and delayed posttransplant immune reconstitution by
alemtuzumab [11, 17]; therefore, asymptomatic retinitis
might have been overlooked in patients who did not
receive alemtuzumab in this study or in patients who
received alemtuzumab in other studies.

More than half of the patients with late positive anti-
genemia  developed low-level antigenemia  with
consistently less than three positive cells, and 90% showed
negative conversion without GCV administration. In all
high-level antigenemia patients, except for one who died of
IA while on preemptive GCV, negative conversion without
progression to fatal disease was obtained by preemptive
therapy; therefore, three positive cells per two slides might
be an appropriate threshold to start GCV beyond day 100
after transplantation.

In conclusion, late positive antigenemia was frequently
observed beyond day 100 after transplantation, especially
in profoundly immunosuppressed patients who received
alemtuzumab, high-dose steroids, or who developed
chronic GVHD. Preemptive therapy with extended CMV
antigenemia monitoring beyond day 100, not only reduced
the incidence of late CMV disease, but also completely
prevented fatal CMV disease; therefore, extended CMV
monitoring is recommended at least for patients with such
risk factors.
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ABSTRACT

Although allogeneic hematopoietic stem cell transplantation is a potentially curative approach for advanced he-
matologic diseases, its application to elderly people is limited because of their comorbid physical conditions and
lower chance of finding suitable related donors. Umbilical cord blood transplantation with reduced-intensity
pretransplant conditioning (RI-UCBT) is 1 way to avoid these obstacles. We analyzed elderly patients aged
55 years and older with hematologic diseases who underwent RI-UCBT at our institute to assess feasibility
and effectiveness of this treatment approach. Among the 70 patients included, 50 died, 74% of them from non-
relapse causes. Infection was the primary cause of death. Estimated overall survival and progression-free survival
at 2 years were both 23 %. In multivariate analyses, standard-risk diseases, age younger than 61 years, grade 0-II
acute -versus-host disease, and the absence of preengraftment immune reaction were significantly associ-
ated with better overall survival. RI-UCBT is a potentially curative and applicable approach for elderly patients.
Higher mortality, especially from nonrelapse causes, is the biggest problem to be solved to increase the feasibil-
ity of this approach.

© 2008 American Society for Blood and Marrow Transplantation
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INTRODUCTION

Although morbidity associated with hematologic
malignant diseases in elderly patients is higher than
that in younger patients [1], elderly patients are less
likely to be candidates for allogeneic stem cell trans-
plantation, because of the fact that they are more likely
to have comorbid organ conditions, either clinically or
subclinically, which result in a higher rate of proce-
dure-related mortality [2], and that they are less likely
to have HLA-matched related donors available, as
siblings also tend to be elderly.

The development of reduced-intensity condition-
ing (RIC) for transplants, which results in less toxicity
and depends largely on graft-versus-tumor effects
rather than high-dose therapy to eliminate malignant
cells, has been shown to allow elderly patients to un-
dergo allogeneic transplants [3-5]. The use of umbilical

cord blood transplantation (UCBT) has been increas-
ing because of the potential advantage of rapid avail-
ability and the lower risk of graft-versus-host disease
(GVHD), thus permitting less stringent HLA match-
ing [6,7]. The outcome of UCBT has been reported
to be similar to unrelated bone marrow in the myeloa-
blative setting [8-10]. UCBT with reduced-intensity
pretransplant conditioning (RI-UCBT) for adults,
mostly younger than 55 years old, has been increasingly
reported, and has been shown to be applicable even in
patients with a relatively low number of nucleated cells
for their body weight [11-16]. However, little informa-
tion has been available on whether elderly patients can
tolerate slower engraftment, more infectious complica-
tions [17], and the unique preengraftment immune re-
action (PIR) associated with UCBT [18,19]. PIR has
been described by us and others [18,19], characterized
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by the symptoms induced possibly by hypercytokine-
mia, which sometimes cause severe organ damage and
fatal outcome. We therefore retrospectively evaluated
the use of the RI-UCBT in patients aged 55 and older
by analyzing engraftment, nonrelapse mortality
(NRM), GVHD, progression-free (PFS), and overall
survival (OS) to address the feasibility and effectiveness
of this method in older patients.

PATIENTS, MATERIALS, AND METHODS
Patients

This study included patients aged 55 and older who
underwent RI-UCBT at our institute from July 18,
2002 through October 28, 2005. Patients were eligible
for this study if they had any hematologic malignancies
at high risk for relapse or severe aplastic anemia (AA)
refractory to standard immunosuppressive therapy, as
well as if they were unable to find suitable related or
unrelated bone marrow (BM)/peripheral blood (PB)
donors within reasonable time periods relative to their
disease conditions. Patients with acute leukemia could
be at first remission but at high risk for relapse because
of adverse cytogenetic abnormalities, have a prior
hematologic disorder, or be at any status beyond first
remission. Patients with myelodysplastic syndrome
(MDS) had to be refractory anemia with excess of blasts
or chronic myelomonocytic leukemia, or have refrac-
tory anemia with transfusion dependency and/or severe
neutropenia. Patients with chronic myeloid leukemia
(CML) had to be beyond the first chronic phase. Lym-
phoma patients had to be beyond the first remission
except those with acute or lymphoma type adult T
cell leukemia. Patients who had end-stage organ dys-
function (DLco <30% predicted or LVEF <35%),
or active serious infection at the time of transplantation
were not eligible. All patients gave written informed
consent, and the study was approved by the appropriate
institutional review boards.

Donor Selection

UCB units were obtained from Japanese Cord
Blood Bank Network. HLA-A and HLA-B antigens
were identified by serologic typing. HLA-DRBI alleles
were determined by high-resolution molecular typing
using polymerase chain reaction (PCR) sequence-spe-
cific primers. UCB grafts had at least 4 of 6 HLA-A, B
antigens, and DRBI alleles that were matched to the
recipient and had a cryopreserved cell dose of at least
1.8 x 107 nucleated cells per kg of recipient body weight.
The median total nucleated cell number and median
CD34" cell number were 2.8 (range: 1.8-5.2) x 10/kg
and 0.84 (0.11-3.28) x 10°/kg, respectively.

Patient Characteristics

Seventy consecutive patients were included in this
study. Their characteristics are shown in Table 1.
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Table 1. Patient and Donor Umbilical Cord Blood Characteristics

Characteristic No. (%) of Patients

Sex

Male 45 (64)

Female 25 (36)
Age (years)

Median (range) 61 (55-79)
Age distribution (years)

55 to 59 31 (44)

60 to 64 16 (23)

65 to 69 17 (24)

At least 70 6(9)
Diagnosis

AML 28 (40)

MDS 34)

CML 4.(6)

ALL 11 (16)

NHL 8 (1)

ATL 12 (17)

MM (1)

PCL (1)

AA 2(3)
HCT-CI

0 ' 24 (34)

1 25 (36)

2 11 (16)

3 or greater 10 (14)
History of prior chemotherapy

Yes 59 (84)

No 11 (16)
History of prior documented infections

Yes 15 21)

No 55 (79)
Disease status

Standard risk 15 (21)

High risk 55 (79)
Conditioning regimen

Flu/Mel/TBI 65 (93)

Flu/Bu/TBI 4.(6)

Others (N
GVHD prophylaxis

Cyclosporine A alone 37 (53)

Tacrolimus alone 33 (47)
HLA disparity to UCB

5/6 9 (13)

416 61 (87)
Sex mismatch to UCB

Yes 51(73)

No 19 (27)

AML indicates acute myeloid leukemia; MDS, myelodysplastic syn-
drome; CML, chronic myeloid leukemia; ALL, acute lympho-
blastic leukemia; NHL, non-Hodgkin lymphoma; ATL, adult
T cell leukemia; MM, multiple myeloma; PCL, plasma cell leu-
kemia; AA, aplastic anemia; Flu, fludarabine; Mel, melphalan;
TBI, total body irradiation; Bu, busulfan; UCB, umbilical cord
blood: HCT-CI, hematopoietic cell transplantation-specific
comorbidity index.

Of these 70 patients, 25 were women and 45 were
men. Their median age was 61 years (range: 55-79
years). The patients’ diagnoses included acute myeloid
leukemia (AML; n = 28), acute lymphoblastic leuke-
mia (ALL; n = 11), MDS (n = 3), CML (n = 4),
non-Hodgkin lymphoma (NHL; n = 8), adult T cell
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