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Continuing increased risk of oral/esophageal cancer
after allogeneic hematopoietic stem cell transplantation
in adults in association with chronic graft-versus-host
disease
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Background: The number of long-term survivors after hematopoietic stem cell transplantation (HSCT) showed steady
increase in the past two decades. Second malignancies after HSCT are a devastating late complication. We analyzed the
incidence of, risk compared with that in the general population, and risk factors for secondary solid cancers.

Patients and methods: Patients were 17 545 adult recipients of a first allogeneic stem cell transplantation between
1990 and 2007 in Japan. Risks of developing secondary solid tumors were compared with general population by using
standard incidence ratios (SIRs).

Results: Two-hundred sixty-nine secondary solid cancers were identified. The cumulative incidence was 0.7% [95%
confidence interval (Cl), 0.6%-0.9%] at & years and 1.7% (95% Cl, 1.4%~1.9%) at 10 years after transplant. The risk was
significantly higher than that in the general population (SIR=1.8, 95% Cl, 1.5-2.0). Risk was higher for oral cancer
(SIR=15.7, 95% Cl, 12.1-20.1), esophageal cancer (SIR=8.5, 95% Cl, 6.1-11.5), colon cancer (SIR=1.9, 95% Cl,
1.2-2.7), skin cancer (SIR=7.2, 95% Cl, 3.9-12.4), and brain/nervous system cancer (SIR=4.1, 95% Cl, 1.6-8.4). The
risk of developing oral, esophageal, or skin cancer was higher at all times after 1-year post-transplant. Extensive-type
chronic graft-versus-host disease (GVHD) was a significant risk factor for the development of all solid tumors (RR = 1.8,
P <0.001), as well as for oral (RR=2.9, P < 0.001) and esophageal (RR=5.3, £ <0.001) cancers. Limited-type chronic
GVHD was an independent risk factor for skin cancers (RR =5.8, P=0,016).

Conclusion: Recipients of allogeneic HSCT had a significantly higher ~2-fold risk of developing secondary solid
cancers than the general population. Lifelong screening for high-risk organ sites, especially oral or esophageal cancers, is
important for recipients with active, or a history of, chronic GVHD.
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introduction disorders [1]. The annual number of allogeneic HSCT has in-
creased steadily over the past three decades worldwide [2-6].
Progress in transplant procedures in addition to this steady in-
crease in the number of HSCT procedures worldwide has con-
tributed to an increase in the number of long-term survivors.
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Hematopoietic stem cell transplantation (HSCT) is a curative treat-
ment of choice for malignant and non-malignant hematological
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developing new solid cancers compared with an age-, sex-,
region-, and calendar-year-adjusted population and the risk
among long-term survivors ranges from 1% to 6% at 10 years
after transplantation [7-14]. Identified risk factors include ex-
posure to radiation as a part of the conditioning regimen and
chronic graft-versus-host disease (GVHD), and the latter has
been shown to be strongly correlated with the development of
squamous cell carcinoma [8, 10, 12, 15-17]. However, a recent
long-term follow-up analysis of patients who were transplanted
after myeloablative doses of busulfan and cyclophosphamide
without total body irradiation (TBI) found a similar increased
incidence of 0.6% at 5 years and 1.2% at 10 years after trans-
plantation [13]. We conducted a nationwide, retrospective
cohort study with a large and different cohort from those used
in previous reports from North America and Europe, to deter-
mine the incidence and risks of developing secondary solid
cancers.

methods

data source and collection of data

The recipient clinical data were collected by the Japan Society for Hematopoietic
Cell Transplantation (JSHCT) using the Transplant Registry Unified
Management Program, as described previously [18]. The JSHCT collect reci-
pients’ baseline, disease, transplant, and transplant outcome information
who received HSCT in the previous year. Patient information regarding sur-
vival, disease status, and long-term complications including chronic GVHD
and second malignancies are renewed annually. This study was approved by
the data management committee of the JSHCT, as well as the institutional
review board of Nagoya University Graduate School of Medicine.

patients

Adult patients (at least 16 years of age) who received a first HSCT between
1990 and 2007 were considered as subjects for the present study. Those who
were inherently susceptible to developing cancer [Fanconi anemia (N=3)
and congenital immunodeficiency (N = 12)] were excluded. Three-hundred
five recipients (1.7%) were excluded because of insufficient follow-up data.
The study included 17545 recipients; 5358 recipients of related bone
marrow, 3587 recipients of related peripheral blood stem cells (including 134
bone marrow and peripheral blood stem cells combined), 6508 recipients of
unrelated bone marrow, and 2092 recipients of unrelated cord blood.

statistical analysis

Standard incidence ratios (SIRs) were calculated to determine whether the
number of recipients in the present cohort who developed secondary solid
tumor after receiving a HSCT was different than that in the general popula-
tion (supplementary method, available at Annals of Oncology online).
Cumulative incidences of solid cancer or GVHD were estimated by taking
into account the competing risk of death among patients who did not
develop a second malignancy or GVHD [19]. The influence of potential risk
factors was estimated by using the Cox proportional hazard model [20]. A
stepwise multivariate approach was used to identify the most important pre-
dictor with respect to the development of secondary solid cancers. The vari-
ables considered were age at transplant, patient sex, donor-type (related
versus unrelated), graft source, TBI as part of the conditioning regimen,
reduced-intensity conditioning, grade 2-4 acute GVHD, and chronic
GVHD. The model was stratified into four categories according to the
primary disease; acute myeloid leukemia, acute lymphoblastic leukemia,
chronic myeloid leukemia, and others. Acute and chronic GVHD were
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considered as time-dependent covariates. TBI and chronic GVHD were fre-
quent risk factors and were always kept in the model. Risk factors for high-
risk cancer sites with adequate numbers of events for analyses were also ana-
lyzed: oral cavity/pharynx, esophagus, colon, and skin. The models for high-
risk cancer sites were stratified according to the primary disease as described,
and patient age at transplantation (<19, 20-29, 30-39, 40-49, 50-59, and
>60), and also adjusted by patient age as a continuous variable. All P-values
were two-sided.

results

patient and transplant characteristics

Table 1 shows the patient characteristics, their disease, and trans-
plant regimens for 17 545 recipients of a first HSCT. The cumula-
tive incidences of grade 2-4 acute GVHD at 150 days and chronic
GVHD at 2 years post-transplant were 35% [95% confidence
interval (CI), 35%-36%] and 41% (95% CI, 40%-41%), respect-
ively. The observation period reached 69 465 person-years among
the subjects for analyses. Of the 17 545 recipients, 5864 had sur-
vived for 5 or more years, and 2192 recipients had survived 10 or
more years at the time of analysis (Table 2).

incidence and types of secondary solid cancers

The cumulative incidence of solid cancers was 0.7% (95% CI,
0.6-0.9) at 5 years, 1.7% (95% CI, 1.4-1.9) at 10 years, and 2.9%
(95% CI, 2.5-3.4) at 15 years after transplantation (Figure 1).
Two-hundred sixty-nine solid cancers were identified. Multiple
solid cancers were observed in 11 patients. Nineteen recipients
were diagnosed within 1-year post-transplantation (Table 2).

risk compared with the general population

HSCT recipients had a 1.8-fold higher risk of invasive solid
cancers compared with the general population (95% CI, 1.5~
2.0). SIR was significantly higher for cancers of the oral cavity/
pharynx (SIR = 15.7), esophagus (SIR =8.5), colon (SIR = 1.9),
skin (SIR =7.2), and brain/nervous system (SIR = 4.1; Table 2).
The risks of developing secondary cancers of the oral cavity/
pharynx, esophagus, and skin were significantly higher than
those in the general population throughout all periods after 1
year (Figure 2). The risk for developing colon cancer was ele-
vated during the period of 1-4 years (SIR =2.7), whereas the
risks for developing cancer of the pancreas (SIR = 4.5) were ele-
vated during the period of 5-9 years. Recipients were at higher
risk of developing cancers of the rectum (SIR=3.6) and the
brain/nervous system (SIR=19.1) after 10 years post-trans-
plantation. The risk of developing secondary solid cancers of all
types compared with the general population increased with the
time since transplantation. This trend was observed for oral/
pharynx and esophageal cancer (Table 2; Figure 2).

recipients’ age at transplantation and risks for
developing secondary solid cancers

SIRs were also analyzed according to the recipient’s age at trans-
plantation (Table 3). Compared with the general population in
Japan, the SIRs were significantly increased for all solid cancers,
oral/pharynx, esophagus, liver, bronchus/lung, and brain/nervous
system for recipients who were 16-19 years of age at transplant,
all solid cancers, oral/pharynx, and esophagus for recipients who
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Characteristics

Number

Total number
Year of transplant
1990-1994
1995-1999
2000-2004
2005-2007
Patient sex
Male
Female
Missing
Patient age
Median (range)
16-19
20-29
30-39
40-49
50-59
=60
Diagnosis
Acute myeloid leukemia
Acute lymphoblastic leukemia
Chronic myeloid leukemia
Myelodysplastic syndromes
Adult T-cell leukemia
Other leukemia
Myeloproliferative disorders
Non-Hodikin’s lymphoma
Hodikin’s lymphoma
Other lymphoma/type missing
Multiple myeloma
Aplastic anemia
Pure red cell aplasia
Paroxysmal nocturnal hemoglobinuria
Solid tumor
Others
Data missing
Donor
Related, siblings
Related, other relatives
Related, data missing
Unrelated
Stem cell source

Bone marrow

Peripheral blood

Bone marrow and peripheral blood

Cord blood

Conditioning regimen

Myeloablative
Cyclophosphamide + TBI + other
Other TBI regimen
Busulfan + cyclophosphamide * other
Other non-TBI regimen

Reduced intensity
Fludarabine + busulfan * other

Fludarabine + melphalan * other

Fludarabine + cyclophosphamide + other

17 545

1630
375

7078
5087

10 386
7149
10

40 (16-85)
1399
3506
3787
4167
3549
1137

6096
3334
2514
1716
591
130
224
1652
46
54
210
745

20
109
86
14

7825
941
179

8600

11 866
3453
134
2092

8298
1321
2798

778

1527
503
1480

21
40
29

59

41
<l

49

68
20

12

Continued

Table 1. Continued

haracteristics Number

Other RIST 631
Data missing 209
GVHD prophylaxis

No 85

Cyclosporine A + sMTX

Cyclosporine A # other

Tacrolimus + sMTX

Tacrolimus % other

Other 323

Data missing 312

BI, total body irradiation; sMTX, short-term methotrexate.

were 20-29 years of age at transplant, all solid cancers, oral/
pharynx, esophagus, and gallbladder for recipients who were 30~
39 years of age at transplant, all solid cancers, oral/pharynx,
esophagus, and skin for recipients who were 4049 years of age at
transplant, all solid cancers, oral/pharynx, esophagus, colon, and
skin for recipients who were 50-59 years of age at transplant
(Table 3).

risk factors for the development of secondary solid
cancers

Extensive-type chronic GVHD and age at transplantation were
important risk factors for the development of secondary solid
cancers (Table 4). The risk was not increased in recipients who
received TBI for conditioning. The results were similar when
subjects were limited to those who received myeloablative condi-
tioning (RR=1.5, P=0.069 for limited-type chronic GVHD,
RR =19, P<0.001 for extensive-type chronic GVHD, and
RR=0.9, P=0.751 for TBI). Risk factor analyses for high-risk
organs with more than 10 cancer cases revealed that extensive-
type chronic GVHD was an independent risk factor for cancers
in the oral cavity/pharynx and esophagus. Limited-type chronic
GVHD was a risk factor for cancers of skin (Table 4). For sec-
ondary cancers which developed within 1-year post-transplant,
the only risk factor identified was older age at transplant (age 60
years or older; supplementary Table, available at Annals of
Oncology online).

discussion

Our main objective was to determine the incidence of, the risk
compared with the general population, and risk factors for sec-
ondary solid tumors after allogeneic stem cell transplantation in
a large cohort of adult recipients. Allogeneic HCT recipients
were at higher risk of developing cancers of the oral cavity,
esophagus, colon, and skin. The incidence and SIR of develop-
ing all solid cancers continued to increase with follow-up, which
suggested a continuous increase as follow-up progressed. Our
data are important since we included a large number of subjects
and person-years of follow-up, in a transplant cohort that is dif-
ferent from those in previously reported large studies.
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Time since transplantation (years)
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<1 1-4

10 or longer

Number of recipients 17 545 10210
Person-years at risk 12803 30599
Secondary cancer sites (¢} SIR o} SIR

2192
7218
SIR O/E 95% CI

bt
O

0.7 1.5*
0.0 9.5%
0.0 6.5%
0.4 0.6
0.8 2.7*
0.0 0.2
0.6 14
5.1 2.1
0.0 1.0
12 0.6
7.0

0.0 0.3
13 2.0
37 0.7
0.0 0.7
12 0.0
19 2.4
0.0 0.6
34 14
0.0 11

- O O O N ODNWONEONNDOO

3.1* 269/153.6
38.5% 64/4.1
16.8*% 41/4.8

0.3 16/26.0

2.2 27/14.3

6/10.7

1.8 8/8.6

0.0 6/2.3

1.6 9/4.7

1.5 19/15.1

13/1.8

0.9 7/24.5

1.6 7/4.8

0.0 5/3.6

2.2 3/3.6

1.4 3/5.4

0.0 4/2.9

0.0 2/4.1

7/1.7

0.0 4/4.5

17

14% ~
12%
10% -
8% -
6% -

Cumulative incidence

4%
2%

0% -
T T T T T

0 5 10 15 20
Years after transplant

Figure 1. Cumulative incidence of developing a secondary solid cancer.
‘The cumulative incidence of solid cancers was 0.7% [95% confidence interval
(CI), 0.6-0.9] at 5 years, 1.7% (95% CI, 1.4-1.9) at 10 years, and 2.9% (95%
CI, 2.5-3.4) at 15 years after transplantation.

Extensive-type chronic GVHD has repeatedly been shown to
be a significant risk factor for the development of secondary
solid tumor and is highly correlated with squamous cell

carcinoma [8, 9, 12, 15, 16]. Extensive-type chronic GVHD was
also shown to be a significant risk factor for oral cancer in our
study. Extensive-type chronic GVHD was shown to be a signifi-
cant risk factor for esophageal cancer, which was found to be
increased in recipients compared with the general population in
our study as well as in two other smaller Japanese cohorts in
previous studies [11, 14]. Subjects were shown to be at a higher
risk for the development of cancers of the oral cavity or esopha-
gus at all time periods after 1 year. Data were not obtained for
affected organ sites of chronic GVHD in JSHCT data collection
prior to transplants in 2006. Therefore, we could not investigate
whether oral or esophageal cancers were related to the chronic
GVHD of the same organ. However, results of risk factor ana-
lyses for cancer sites of oral, esophagus, colon, and skin which
showed high associations of extensive-type chronic GVHD and
oral or esophagus cancer, limited-type chronic GVHD, and skin
cancer showed that development of secondary solid tumors
were likely to be influenced by GVHD-affected sites. Lifelong
screening for oral, pharynx, or esophageal cancers for recipients
with active or resolved chronic GVHD is important after 1-year
post-transplant. The prognosis of solid cancers is highly influenced
by the stage of the cancers when they are first detected. Our
findings support recently published recommended screening
guidelines [21, 22].
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Figure 2. Trends of standard incidence ratios (SIRs) and its 95% confidence intervals (Cls) of high-risk secondary solid cancer sites according to time since
transplant. The SIR and 95% Cls for <1, 1-4, 5-9, and 10 years or longer post-transplant were 0.0, 9.5 (5.4-15.4), 23.4 (15.4-34.0), and 38.5 (23.8-58.9) for
oral/pharynx cancer, 0.0, 6.5 (3.5-11.2), 12.6 (7.3-20.2), and 16.8 (8.4-30.1) for esophageal cancer, 0.8 (0.1-2.9), 2.7 (1.5-4.3), 1.2 (0.4-2.9), and 2.2 (0.6-5.7)
for colon cancer, 0.0, 0.2 (0.0-1.3), 0.0, and 3.6 (1.2-8.4) for rectum cancer, 0.0, 1.0 (0.1-3.7), 4.5 (1.6-9.7), and 1.6 (0.0-8.9) for pancreatic cancer, 7.0 (0.8~
25.1), 8.1 (3.0-17.5), 5.7 (1.2-16.7), and 8.4 (1.0-30.3) for skin cancer, and 3.4 (0.1-19.0), 1.4 (0.0-7.7), 2.1 (0.1=11.6), and 19.1 (5.2-49.0) for cancers of brain/
nervous system, respectively.
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Recipient’s age at transplantation
16-19 20-29 60 or older

Number-of-recipients 1399 3506 1137

- Person-years at risk 7083 17912 1843
| Secondary cancer sites SIR O SIR

o)

- All solid cancers 17.0% 4.1*
Oral/pharynx 140.0* 50.7%
350.0* 131.0*

13.3 0.0

0.0 0.0

33.1 0.0

66.4* 8.1

0.0 0.0

0.0 0.0

0.0

6.3
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Risk factor

Solid cancer

Number of patients

Annals of Oncology

95% CI

with second cancer

All second solid cancers®
Total body irradiation
Chronic GVHD
Limited type
Extensive type
Age at transplant (years)
16-29
30-39
40-49
50-59
60 or older
Oral cancer®
Total body irradiation
Chronic GVHD
Limited type
Extensive type
Esophageal cancer®
Total body irradiation
Chronic GVHD
Limited type
Extensive type
Colon cancer®
Total body irradiation
Chronic GVHD
Limited type
Extensive type
Grade 2-4 acute GVHD
Skin cancer®
Total body irradiation
Chronic GVHD
Limited type
Extensive type

249
151

45
93

45
46
68
71
19
64
38

10
29
41
22

RR, relative risk; CI, confidence interval; TBI, total body irradiation; GVHD, graft-versus-host disease.

*Stratified for primary disease (acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, and other).

bStratified for primary disease (acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, and other) and patient age groups
(<19, 20-29, 30-39, 40-49, 50-59, and >60). Adjusted for patient age as a continuous variable.

The incidence of secondary solid tumors in our study was
similar to those in previously reported large studies [8, 9, 12,
13]. Rizzo et al. [12] reported that the incidence of secondary
solid cancers among 28 874 transplant recipients and 85583
person-years at risk was 1% at 10 years and 2.2% at 15 years,
which were very similar to our results using the same statistical
method for cumulative incidence, while treating death before
secondary solid tumor as a competing risk. Majhail et al. [13]
reported that the incidence of secondary solid cancers after
HSCT using non-TBI, busulfan-cyclophosphamide condition-
ing was also ~1.2% at 10 years. The oral cavity was the most
prominent high-risk cancer site compared with the general
population, as in previous reports [8, 9, 12, 13]. Despite regional
and racial differences in cancer incidence and cancer sites in the
general population, the impact of HSCT on secondary cancer
was similar.

In previous studies, TBI was reported to be a significant risk
factor for the development of secondary cancer, but significant
differences were not found in our study [7, 8, 10, 12, 23]. The
subjects in this study were adult recipients, which may explain
the different findings. Conditioning with radiation was reported
to be associated with the development of secondary solid cancer
in recipients at a younger age at transplant [12]. Moreover, a
recent long-term follow-up analysis of patients who were trans-
planted after myeloablative doses of busulfan and cyclophos-
phamide without TBI found a similar increased incidence of
secondary solid cancers as previous reports [13].

An older recipient age at transplant was a significant risk
factor for the development of secondary solid tumor, as in previ-
ous studies [9, 13]. This result was not surprising since it is also
the case in the general population. However, it is important
to note that older patients are at higher risk of developing
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secondary cancer and to promote patient education and pre-
ventive practices, since there has been a dramatic increase in the
number of transplant recipients who are more than 50 years of
age at transplant over the past decade. In comparison with the
general population, younger patients were at a higher risk of
developing a solid tumor, Several high-risk cancer sites (esopha-
gus, liver, and bronchus/lung) in younger group did have only
one observed cases, therefore, these results should not be
emphasized and need to be confirmed in other studies. These
sites were found to be significant because the expected numbers
in general population for these sites were extremely small.

Although this study included a large number of recipients
and a large number of person-years of follow-up, there are lim-
itations. The follow-up years for older recipients were still
limited, and therefore we may find a higher incidence of and
risk of secondary solid cancers among recipients who are 50
years of age or older at transplant in the future. Second limita-
tion involves possible under-reporting by recipients to trans-
plant centers or by transplant centers to the registry. Until
recently, transplant recipients have received only limited infor-
mation regarding screening or the prevention of secondary solid
cancers. Another limitation of this analysis was lack of central
pathology review for secondary solid tumors. JSHCT data col-
lection does not include the submission of specimen or path-
ology report. Since this study included transplants from 1990,
central pathology review was difficult to perform at the time of
analyses. In addition, limiting secondary tumors to centrally
diagnosed tumors would decrease the number of identified sec-
ondary tumors; therefore, secondary solid tumors were iden-
tified as reported from transplant centers.

In conclusion, recipients of allogeneic hematopoietic stem cell
transplant had a significantly higher risk of developing second-
ary solid cancers than the general population. Older recipients
are at higher risk of developing secondary solid tumors, as in the
general population. Lifelong screening is important for high-
risk organ sites, especially for oral, pharynx, and esophageal
cancers in recipients with active, or a history of, chronic GVHD.
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Fca /R (CD351) is an Fc receptor for both IgA and IgM, which is abundantly expressed in the small
intestine. However, the role of Fco/uR in the intestinal tissue is largely unknown. Here, we found that
Fco/pR is highly expressed on follicular dendritic cells (FDCs) in Peyer’s patches (PP) in the small intestine.
Fco/p.R-deficient mice on the (129 x C57BL/6) F1 background showed increased serum, but not fecal,
IgA level in response to gut-oriented antigens. IgA* B cells were increased in PP, but not in the lamina
propria, of Fca/WR-deficient mice, which was attenuated after reduction of commensal microbiota by oral
treatment with antibiotics. Analyses of bone marrow chimeric mice, in which either FDCs or blood cells
or both lack the expression of Fca/ R, suggested that FDCs, but not blood cells, were responsible for the

FDC increased serum IgA concentration in Fco/puR-deficient mice. Moreover, Fca/pR-deficient mice showed

Germinal center

enhanced germinal center formation against commensal microbiota in PP. Thus, serum IgA production

against gut-oriented antigens is negatively regulated by Fco/R on FDCs in the F1 mice.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

IgAis an antibody produced most abundantly among the classes
of immunoglobulins and mainly secreted to the mucosal lumen
(Kerr et al, 1990; Magcpherson et al, 2012). Secreted IgA pre-
vents penetration of pathogens into the mucosal lumen, neutralizes
toxins and pathogens (Monteiro and Van De Winkel, 2003), and
anchors the pathogenic bacteria to the mucus, leadmg to down-
modulation of their pro-inflammatory epitopes (Fernandez et al
2003). In Peyer’s patches (PP), antigen-stimulated B cells forrn
germinal centers (GC) with T cell help, leading to class switch
recombination to IgA (IgA-CSR)in the presence of [gA-CSR-inducing
factars, such as TGF-f and retinoic acid (Cazac and Roes, 2000).
IgA* B cells then circulate through the bloodstream and home to
the intestinal lamina propria via expressions of ®437 integrin and
CCRY (Mora and von Andrian, 2008).In addition, IgA* B cells are also
generated in the intestinal lamina propria (Fagarasan and Honjo,
2004). These in situ IgA-CSR does not require T cells, but does DC

i y et al, 2002) or epithelial cells (Ru et al., 2007), which
secrete IgA-CSR-inducing factors (Hs IgA produced in
the lamina propria is transported and secreted into the mucosal
lumen via binding to polymeric Ig receptor (pIgR) expressed on

* Corresponding author. Tel.: +81 29 853 3281 fax: +81 29 853 3410.
E-mail address: ip (S.-i. Honda).

0161-5890/© 2014 Elsevier Ltd. All rights reserved.

the mucosal epithelial cells (Kaetzel, 2005). Although the molecu-
lar mechanisms for IgA secretion into the mucosal lumen have well
been studied, little is known about the maintenance of IgA in the
sera.

Fc receptors are expressed on immune cells and play pivotal
roles in immune responses. Several Fc receptors for IgG [FcyRI
(CD64), FcyRII (CD32), FcyRII (CD16) and FcyRIV] and IgE [FceRI
and chRII (CD23)] have been identiﬁed and shown to be pivotal for
Takai, 2002). We have previously identified an Fc receptor for both
IgA and IgM (Fca/pR) (Shibuya et al, 2000). Fcamr that encodes
Fco/pR was mapped on chromosome 1, in which other Fc receptor
genes are closely located each other (Shibuya et al,, 20600; Shimizu
et al, 2001), Although Fca/p.R is abundantly expressed in the small
1ntestme (Sakamuote et al, 2001), its role in the mucosal tissue is
largely unknown. Here, we found that Fco/jR was preferentially
expressed on FDCs in PP and negatively regulate the serum IgA
level in response to gut-oriented antigens.

2. Methods
2.1. Mice
Two lines of FcofpR-deficient mice were generated, as

described previously (Honda ef al. 2008). One line was E14
ES origin and backcrossed to one generation to C57BL/6] mice

- 313 -



368 N. Kurita et al. / Molecular Immunology 63 (2015) 367-372

[Fea/pR-deficient mice on {129 x C57BL[6) F1 genetic background].
Anotherline was BALB/cES origin and then backcrossed to C57BL/6]
mice for more than 12 generations [Fco/pR-deficient mice on
BALB/cand C57BL/6 genetic backgrounds, respectively]. BALB/cand
C57BL/6] mice were purchased from Clea Japan, Inc. (Tokyo, Japan).
These mice were maintained under the specific pathogen free (SPF)
condition. For antibiotics treatment, mice were fed with drink-
ing water containing ampicillin 1 g/L, neomycin 1 g/L, vancomycin
0.5g/Land metronidazole 0.5 g/Lfor 4 weeks (Rakoil-Naheum et al,
2004), All experiments were performed in accordance with the
guidelines of the animal ethics committee of the University of
Tsukuba Animal Research Center.

2.2. Antibodies

Fco/pR-specific monoclonal antibody (mADb) (TX61) was estab-
lished previously (Cho ot al, 2006), TNP-specific mouse IgA
(MOPC315) was purchased from Cappel (Solon, OH, USA).
mAbs against B220 (RA3-6B2), CD21/35 (7G6), CD45 (30-F11),
CD138 (281-2), IgA (C10-3), and T- and B-cell activating anti-
gen (GL-7) were purchased from Pharmingen (San Diego, CA,
USA).

2.3. Immunization

Eight- to 12-week-old Fca/juR-deficient mice of (129 x C57BL/6)
F1 background and wild-type littermate were immunized p.o. via
gastric tubes with 1 mg of ovalubumin (OVA, Sigma, St. Louis, MO,
USA) mixed with 10 pg of cholera toxin (List Biological Laborato-
ries, Inc., Campbell, CA, USA) once a week for three consecutive
weeks, or with 50 g of NP-LPS (Biosearch Technologies, Inc.,
Novato, CA, USA) once a week for five consecutive weeks. One week
after the final immunization, sera and fecal contents were obtained,
as described (5hi et al., 1999),

24. ELISA

Serum and fecal antibody concentrations were measured
by ELISA by using HRP-conjugated anti-mouse Ig isotype Abs
(Southern Biotechnologies, Birmingham, AL, USA) and ABTS
substrate (BioFX Laboratories, Owings Mills, MD, USA). For
measurement of anti-OVA Abs, plates were coated with OVA
and serially diluted sera or fecal extracts were added, and
developed with HRP-conjugated anti-mouse IgA Ab. Ab titers
were determined by the dilution factor which showed ODygs
twice as high as that of the background. For measurement
of anti-NP Abs, plates were coated with NP-conjugated bovine
serum albumin, and were developed with HRP-conjugated anti-
mouse IgA Ab. For measurement of TNP-specific mouse IgA
mADb concentration, plates were coated with TNP-conjugated
OVA and were developed with HRP-conjugated anti-mouse IgA
Ab.

2.5. Analyses for IgA clearance

After injection of 50 g TNP-specific mouse IgA (MOPC315) via
tail vein, sera were collected at indicated time point, and measured
for TNP-specific mouse IgA concentration by ELISA, as described
above.

2.6. Cell preparation

Cells were harvested from the bone marrow (BM), spleen,
mesenteric lymph node (MLN), Peyer's patch (PP), peritoneal exu-
date cell (PEC) and lamina propria (LP) 1 week after intragastric
injection of 100 g of LPS. LP cells were prepared, as previously

described with minor modification (Hurst et al., 1999). Briefly, after
PPs were excised, intestines were cut into small pieces and digested
with dithiothreitol (DTT), followed by collagenase type VIII (Sigma,
St. Louis, MO, USA). Cells were collected from the digested tissues
by using centrifugation with 100%-40% Percoll.

2.7. Flow cytometry analyses

The cells were stained with cychrome-conjugated anti-B220
and PE-conjugated anti-CD138 mAbs, followed by FITC-conjugated
anti-mouse IgA mAb after permeabilization with Fix & Perm
kit (Invitrogen, Carlsbad, CA, USA). LP cells were stained with
biotin-conjugated anti-CD45 mAb, followed by APC-conjugated
streptavidin with cychrome-conjugated anti-B220 mAb. Cells were
then permeabilized and stained with FITC-conjugated anti-mouse
IgA mAb. For analyses of germinal center (GC) B cells, cells were
stained with FITC-conjugated GL7 mAb, PE-conjugated anti-B2200
mAb and biotin-conjugated-PNA, followed by APC-conjugated
streptavidin. Cells were analyzed on a FACS Calibur (BD, Franklin
Lakes, NJ, USA).

2.8. Immunohistochemistry

For staining GC, frozen sections were stained with biotin-
conjugated PNA, followed by Alexa594-conjugated strepta-
vidin with FITC-conjugated anti-CD21/35 mAb. For staining
Fca/pR, frozen sections were stained with biotin-conjugated
anti-Fca/wR mAb (TX61), followed by HRP-conjugated strepta-
vidin with TSA amplification reagent (PerkinElmer, Wellesley,
MA, USA) in combination with APC-conjugated anti-CD21/35
mAD.

2.9. Bone marrow chimeric mice

Bone marrow (BM) cells (1 x 107 cells) from Fca/pR-deficient
mice or wild-type littermate mice were injected intravenously via
tail vein into lethally irradiated (2 x 0.55 Gy) Fcae/juR-deficient or
control mice. Eight weeks after BM cells transfer, the blood lym-
phocytes were analyzed to confirm the engraftment of donor BM
cells and used for analyses.

2.10. Statistics

Statistical analyses ware performed by using unpaired Student's
t-test. The Smirnov-Grubbs test was used to exclude outliers.

3. Results

3.1. Increased serum IgA in Fco/iuR-deficient mice on the (129 x
C57BL/6) F1 genetic background

Previous reports demonstrated that Fcamr transcript was abun-
dantly expressed in the small intestine (Sakamaoto et al,, 2001). By
using immunohistochemical analyses, we observed that Fca/wR
was strongly expressed on FDCs in Peyer’s patches (PP) of the small
intestine . 1A). Since FDCs are involved in mucosal IgA produc-
tion (Suzuki et al,, 2010), IgA concentration in the serum and feces
was analyzed. We found that serum IgA was significantly increased
in Fca/R-deficient mice on the (129 x C57BL/6) F1 genetic back-
ground compared with that of littermate control mice (Fig. 1B).In
contrast, IgA in feces and other immunoglobulin isotypes in serum
of Fca/R-deficient mice were comparable to those of littermate
control mice (¥ig. 1C and data not shown). However, both Fco/jLR-
deficient mice on the BALB/c and C57BL/6 genetic backgrounds
showed comparable serum IgA levels to respective control mice
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Fig. 1. Increased serum IgA in Fca/wR-deficient mice. (A) Immunohistochemical analysis of Peyer’s patches of naive Fca/pR-deficient on the (129 x B6) F1 genetic background
(—/-) and its littermate control (+/+). (B and C) IgA concentration of serum (B) and feces (C) of naive Fca/uR-deficient and littermate control of the F1, BALB/c, or C57BL/6
genetic backgrounds. (D and E) Antigen-specific IgA titers in the serum (D) and feces (E) in —/— and +/+ mice after oral immunization with OVA or NP-LPS, respectively. (F)

The serum IgA clearance in —/~ and +/+ mice. n.s., not significant.

(Fig. 1B). These results suggested that serum IgA level of Fca/puR-
deficient mice seems to be influenced by the genetic background of
mice. For further analyses, we used Fca/uR-deficient mice on the
(129 x C57BL/6) F1 background and their littermates as a control.
We speculated that serum IgA level was increased in response to
gut-oriented antigens in Fco/pR-deficient mice. To test this pos-
sibility, IgA production was analyzed after oral immunization of
OVA and NP-LPS, T cell-dependent and independent type antigens,
respectively. In response to both OVA and NP-LPS, antigen-specific
IgA titer in the sera was significantly increased in Fco/pR-deficient
mice compared with that of control mice (Fig. 1D). In contrast,
antigen-specific IgA titer in feces was comparable between Fcot/jLR-
deficient and control mice (¥ig. 1E). These results indicated that
serum, but not fecal, IgA titers in response to gut-oriented antigens
were increased in Fca/R-deficient mice on the (129 x C57BL/6)
F1 background. In the current study, we therefore focused on this
genotype of mice to clarify how serum IgA is increased.

B

3.2, Normal IgA clearance in Fcoy/(uR-deficient mice

In mice lacking pIgR or ] chain, serum IgA is increased as
a result of 1mpalred IgA transfer from the blood to the bile
(ioha ., 1988). We speculated that increased serum IgA
level in Fca/uR—deﬁaent mice might be a result of impaired IgA
clearance. To address this question, anti-TNP mouse IgA was intra-
venously injected into Fco/puR-deficient and control mice, and then
measured for its concentration in the sera. Anti-TNP mouse IgA
concentration was declined with time, and the half life in the
sera was comparable between Fco/pR-deficient and control mice
(Fca/p.R-deficient mice, 14.7h and control mice, 13.3 h, respec-
tively) {F). Thus, the increased serum IgA in Fca/pR-deficient
mice did not result from impaired IgA clearance from the serum.
Rather, the production of IgA might be increased in Fco/pR-
deficient mice.

£

3.3. Increased IgA* B cell populations in PP of Fco/iLR-deficient
mice

To determine whether IgA production in response to gut-
oriented antigens is increased in Fco/wR-deficient mice, IgA* B
cell population of lymphoid organs were analyzed by flow cytom-
etry. We observed that IgA* B cell population (B220%, IgA*) was
significantly larger in PPs in Fco/uR-deficient mice than those in
control mice (¥Fig. 2A). In contrast, IgA producing plasma cell pop-
ulation (B220~, IgA*) in lamina propria was comparable between
Fca/uR-deficient and control mice (Fig. 2A). We assumed that IgA*
B cell generation might be increased in PP in response to commen-
sal microbiota in the gut of Fca/luR-deficient mice. To address this
issue, commensal microbiota was reduced by oral treatment with
antibiotics (Rakoff-Nahoum et al., 2004). As expected, serum IgA
levels were down-regulated after antibiotics treatment in Fco/ LR~
deficient mice (¥ig. 2B). Moreover, IgA* B cell population in PPs of
Fco/R-deficient mice was comparable to those of control mice
after antibiotics treatment (Fig. 2C). These results demonstrated
that the increased IgA* B cell population in PP of Fco/uR-deficient
mice was dependent on gut commensal microbiota.

3.4. FcofuR expressed on FDCs negatively regulate serum IgA
level.

Fca/wR was expressed most abundantly on FDCs, but also
expressed on hematop01et1c cells such as B cells and macrophages
(Sat ¢ i1). To determine the cell type responsi-
ble for the increased serum IgA level in Fco/uR-deficient mice,
we established bone marrow (BM) chimeric mice by transfer-
ring BM cells of Fca/pR-deficient or control mice into lethally
irradiated Fco/pR-deficient or control mice. Since FDCs are radio-
resistant cell population, FDCs are derived from recipient mice,
whereas hematopoietic cells of BM chimeric mice are derived from
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Fig. 2. Increased IgA* B cell population in lymphoid organs of Fca/pR-deficient mice. (A and C) IgA™ B cell populations of bone marrow (BM), spleen, mesenteric lymph node
(MLN), Peyes’s patches (PP), peritoneum (PEC) and lamina propria (LP) in Fea/pR-deficient (—/~) on the F1 genetic background and littermate control mice (+/+) before (A)
and after (C) oral antibiotics treatment. Data are shown as percentages of IgA* B cells among total B220" B cells. (B) IgA concentration in the serum of -/~ and +/+ mice after
oral antibiotics treatment. n.s., not significant.

transferred BM cells. We observed that only BM chimeric mice, 3.5. Enhanced germinal center formation in response to
whose FDCs, but not hematopoietic cells, lack Fca/jLR expression, commensal microbiota in Feey/ptR-deficient mice
showed increased IgA in the sera 3A). Thus, Fca/iuR on FDCs

is involved in the increased serum IgA in response to gut-oriented Since FDCs contribute the generation of IgA* B cell in germinal
antigens. center (GC) of PP in the presence of commensal microbiota (Suzuki
A C 20 P-0020
—
‘ P=0.003 O
47 P=0,001 1.5
n.8.
1.0
s P=0.006 §
O 051 O

Serum IgA (mg/mi)
nN

o +H+ =)=
2.0
1 P=0.04
1.5
Donor:  +/+ 1.0

Recipient:  +/+

o
o

GL7+PNA+/B220+ cells (%) M GL7+PNA+/B220+ celis (%)

(=]

Fig. 3. Fca/iR on FDCs negatively regulates germinal center formation of PP. (A) Serum IgA concentration of naive bone marrow chimeric mice, which were generated by
transfer of bone marrow cells from Fco/pR-deficient mice (—/-) on the F1 genetic background or littermate control (+/+) into lethally irradiated —/~ or +/+ mice. (B~E)
Germinal center (GC) formation. Immunohistochemical analyses of PP of —/— or +/+ mice before (B) and after (D) oral antibiotics treatment. The white arrowhead indicates
GC. The flow cytometry analysis of PP cells obtained from —/~ or +/+ mice before (C) and after (E) oral antibiotics treatment. The percentage of GC B cells (GL7*PNA*B220")
among B cells (B220") was shown. n.s., not significant.

- 316 -



N. Kurita et al. / Molecular Immunology 63 (2015) 367-372 371

et al, 2010), we analyzed GC formation in Fca/R-deficient mice.
Immunohistochemical analyses showed that CD21/35* PNA* GC
area was enlarged in PPs of Fca/pLR-deficient mice compared with
control mice (Fig. 3B). These results were confirmed by flow cytom-
etry analyses, showing that GL7*PNA* GC B cell population was
larger in PP of Fca/uR-deficient mice than in control mice (Fig. 3C).
In addition, enhanced GC formation in PP of Fca/uR-deficient
mice was diminished after reduction of commensal microbiota
by antibiotics treatment (Fig. 3D and E). Thus, the increased
serum IgA level in Fco/pR-deficient mice seemed to result from
increased germinal center formation in response to gut-oriented
antigens.

4. Discussion

We observed that naive Fco/pR-deficient mice on the (129
X B6) F1 background, but not on the BALB/c or C57BL/6 genetic
backgrounds, showed increased serum IgA level. It was previously
reported that immune responses, including antibody production,
are influenced by genetic background of mice (IJorf et al., 1974

Lipesetal, 2002). Along with this notion, involvement of Fca/p,R in
serum IgA level seemed to be influenced by the genetic background
of mice. Although we found that Fca/itR on FDCs was involved in
the increased serum IgA (Fig. 3A), the expression of Fca/pR on
FDCs in PP was comparable among mice on the (129 x B6) F1,
BALB/c and C57BL/6 genetic backgrounds (Fig. 1A and data not
shown). Thus, differential involvement of Fca/ LR in serum IgA level
in each mice strain could not be explained by Fco/jLR expression on
FDCs in PP. The molecular basis for this phenomenon has remained
unclear.

Fco/pR and plgR are receptors for both IgA and IgM, which
were expressed in the intestine. In addition, their genes locate
very closely on chromosome 1 (Shibuya et al, 2000). However,
previous work demonstrated that Fca/iR and plgR are differen-
tially expressed in mucosal tissue, suggesting the different roles in
this site (Wang et al., 2009), Although mice lacking pIgR showed
impaired IgA clearance from the blood to the bile (Johansen et al,,
1999), our analyses indicated that Fca/wR does not contribute to
IgA clearance from the blood. Rather, Fca/R seems to regulate
serum IgA levels in response to gut-oriented antigens.

IgA* B cells are generated in the presence of IgA-CSR-inducing
factors in PP, and among those factors, retinoic acid induces the
expression of a4B7 integrin and CCRY on B cells surface (Mora
and von Andrian, 2009). IgA* B cells then circulate through the
bloodstream and home to the intestinal lamina propria via a437
and CCR9 expression. In Fco/uR-deficient mice, IgA* B cells were
increased in PP, but not in lamina propria, which is a dominant site
for IgA production and secretion into feces. These results indicated
that the generation of IgA* B cells in PP was increased, whereas
the homing of IgA* B cells to lamina propria was not affected, in
Fca/pR-deficient mice. As a result, Fco/puR-deficient mice showed
increased serum IgA with normal fecal IgA in response to intesti-
nal microbiota. Recently, it was reported that FDCs directly secrete
IgA-CSR-inducing factors in response to gut mlcroblota for pro-
duction of IgA* B cells in PP (& ki et al, 2010). We speculate
that Fca/pR on FDCs in mice on the (129 x BG) F1 genetic back-
ground regulates production of 1gA-CSR-inducing factors, except
retinoic acid, in response to gut-oriented antigens in PP. In addition
to cytokine secretion, FDCs capture and retain antigens for B cells
activation (¥ 4). We have shown that the reten-
tion of systemic administered T-independent antigen on splenic
FDCs was prolonged in the Fco/R-deficient mice (Honda et al.,
2009), Therefore, we also speculate that retention of gut-oriented
antigens on FDCs in PP is increased in the absence of Fca/uR,
resulted in increased GC formation and IgA-CSR. The mechanisms

how Fca/wR on FDCs regulates production of IgA-CSR-inducing
factors, and retention of gut-oriented antigens should be clarified
in future.
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Objectives: To evaluate the prophylactic role of long-term ultra-low-dose acyclovir for varicella zoster
virus (VZV) disease after allogeneic hematopoietic stem cell transplantation (HSCT).
Methods: We evaluated 141 patients who were planned to receive acyclovir at 200 mg/day until the end
of immunosuppressive therapy and for at least 1 year after HSCT in our center between June 2007 and
June 2012.
Results: The cumulative incidence of VZV disease after HSCT was 4.5% at 1 year and 18.3% at 2 years.
Protocol violation was the only independent significant factor that increased the incidence of VZV
disease (hazard ratio (HR) 7.50, 95% confidence interval (Cl) 3.60-15.63). Excluding patients with
protocol violation, the discontinuation of acyclovir was the only significant factor for the development of
VZV disease (HR 5.90, 95% CI 1.56-22.37). Six patients experienced breakthrough VZV disease, but four of
these six had not taken acyclovir for several weeks before breakthrough VZV disease. On the other hand,
the cumulative incidence of VZV disease after the cessation of acyclovir was 28.4% at 1 year and 38.0% at
2 years. The proportion of disseminated VZV disease was only 7% and no patient died directly of VZV
disease.
Conclusions: This study shows that long-term ultra-low-dose acyclovir appears to be effective for
preventing VZV disease, especially disseminated VZV disease, after allogeneic HSCT. We recommend
continuing acyclovir until the end of immunosuppressive therapy and for at least 1 year after HSCT, but
additional strategies such as the administration of varicella vaccine may be needed to eradicate VZV
disease.

© 2013 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases. Open access under {'C BY -NC-NI Heense.
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1. Introduction

Varicella zoster virus (VZV) disease is a common complication
after hematopoietic stem cell transplantation (HSCT), with a
relatively high incidence of more than 20%.'~* Although a localized
dermatomal rash is the major clinical presentation, disseminated
VZV disease occasionally occurs and may result in a fatal outcome.?
In addition, several complications, such as post-herpetic neuralgia

* Corresponding author. Tel.: +81 48 647 2111; fax: +81 48 644 8167.
E-mail address: ycanda- i o (Y. Kanda).
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and secondary bacterial infections, are occasionally observed,'*
and may impair the patient’s quality of life. Therefore, to reduce
VZV disease and its complications, the long-term administration of
acyclovir has been evaluated in several studies.

From the mid-1980s to the mid-2000s, several studies
concluded that the overall cumulative incidence of VZV disease
was not decreased by prophylactic acyclovir at 600-3200 mg/day
for a fixed period of up to 6 months or 1 year, because of the
increase in VZV disease after the cessation of long-term acyclovir,
although VZV disease was almost completely suppressed during
prophylaxis.®>~® Therefore, the Centers for Disease Control and
Prevention/Infectious Diseases Society of America/American Soci-
ety for Blood and Marrow Transplantation (CDC/IDSA/ASBMT)
guidelines of 2000 did not recommend universal long-term
acyclovir prophylaxis to prevent VZV disease.” However, a large
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retrospective study showed that acyclovir prophylaxis for 1 year
reduced VZV disease, which was further decreased by the
continuation of prophylaxis in patients who remained on
immunosuppressive drugs.’” Furthermore, we have previously
reported that a lower dose of acyclovir at 200-400 mg/day could
also reduce VZV disease.' *'* Another clinical benefit of long-term
acyclovir is the reduction of disseminated VZV disease and its
complications.'®*?** Therefore, long-term acyclovir prophylaxis is
routinely recommended for the first year after HSCT in the 2009
guidelines that were co-sponsored by several international
groups.'*

However, the optimal duration of prophylaxis, the minimal
effective dose, and the risk factors for VZV disease after cessation
remain unclear. In the present study, the clinical courses of
patients who were planned to receive acyclovir at 200 mg/day
until the end of immunosuppressive therapy and for at least 1 year
after HSCT were analyzed retrospectively. First we identified risk
factors predictive for the development of VZV disease. In particular,
we focused on whether protocol violation was a significant risk

Assessed for eligibility (n=161)

factor or not. Next, we assessed the causal effect of acyclovir use/
non-use, excluding patients with protocol violation.

2. Patients and methods
2.1. Patients

The clinical charts of 161 consecutive patients who underwent
their first allogeneic HSCT between June 2007 and June 2012 at our
institution were reviewed retrospectively. Among these patients,
20 were excluded: 14 died within 35 days after HSCT, five failed to
achieve complete remission after HSCT, and one experienced graft
rejection and early recovery of host-derived hematopoiesis after
HSCT. Thus, 141 patients were included in this study (Figure 1), We
followed up 102 patients until the last observation (censored
observation) or the development of VZV disease, 32 patients until
death without VZV disease, and seven patients until second
transplantation without VZV disease. The clinical and epidemio-
logical characteristics of the patients are shown in Table 1. This

Y

Excluded (n=20)
+ Died within 35 days after HSCT (n=14)

+ Failed to achieve complete remission
after HSCT (n=5)

+ Graft rejection (n=1)

Study inclusion (n=141)

A 4

Protocol violation (n=11)
+ VZV disease (n=9)
+ No VZV disease (n=2)

Protocol observance (n=130)

Breakthrough (n=6)

+ Had not taken acyclovir for more

than 1 week before breakthrough

> (n=4)

+ Had taken acyclovir (n=2)
Died without VZV disease (n=32)
Second transplantation without VZV
disease (n=7)
Continued acyclovir (n=46)

A

acyclovir (n=39)
¢+ VZV disease (n=13)
+ No VZV disease (n=26)

completed protocol and discontinued

Figure 1. Flow diagram of 161 registered patients.
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Table 1
Patient characteristics

Characteristics

Median age, years (range) 45 (15~65)
Sex, n (%)

Male 83 (58.9%)

Female 58 (41.1%)
Disease, n (%)

AML 67 (47.5%)

ALL 14 (9.9%)

MPAL 2 (1.4%)

CML 3 (2.1%)

MDS 16 (11.4%)

NHL/ATL 23 (16.3%)

SAA 12 (8.5%)

Others 4 (2.8%)
Disease risk, n (%)

Standard 111 (78.7%)

High 30 (21.3%)
Donor, n (%)

Related 56 (39.7%)

Unrelated 85 (60.3%)
HLA (antigen) compatibility, n (%)*

Matched 107 (75.9%)

Mismatched 34 (24.1%)
HLA (allele) compatibility, n (%)*

Matched 81 (57.5%)

Mismatched 48 (34.0%)

Uncertain/missing 12 (8.5%)
Graft source, n (%)

Bone marrow 73 (58.9%)

Peripheral blood 47 (33.3%)

Cord blood 11 (7.8%)
Conditioning regimen, n (%)

Myeloablative 81 (57.4%)

Reduced-intensity 60 (42.6%)
GVHD prophylaxis, n (%)

Cyclosporine-based 126 (89.4%)

Tacrolimus-based 15 (10.6%)
Use of ATG/alemtuzumab, n (%)

Yes 19 (13.5%)

No 122 (86.5%)
Acute GVHD, n (%)

Grade 0-1 90 (63.8%)

Grade II-IV 51 (36.2%)
Acute GVHD, n (%)

Grade 0-11 124 (87.9%)

Grade 1I-1V 17 (12.1%)
Chronic GVHD, n (%)

Extensive 38 (26.9%)

Limited 21 (14.9%)

None 73 (51.8%)

Not evaluable 9 (6.4%)
VZV seropositivity, n (%)

Positive 135 (95.7%)

Negative 1(0.7%)

Not examined 5 (3.6%)

AML, acute myelogenous leukemia; ALL, acute lymphoblastic leukemia; MPAL,
mixed phenotype acute leukemia; CML, chronic myelogenous leukernia; MDS,
myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma; ATL, adult T-cell
leukemia/lymphoma; SAA, severe aplastic anemia; HLA, human leukocyte antigen;
GVHD, graft-versus-host disease; ATG, antithymocyte globulin; VZV, varicella
zoster virus.

2 HLA compatibility was defined according to HLA-A, HLA-B, and HLA-DR loci.

single-center retrospective analysis was approved by the Institu-
tional Review Board of Saitama Medical Center, Jichi Medical
University.

2.2. Transplantation procedure

The myeloablative conditioning regimen was mainly a combi-
nation of cyclophosphamide (60 mg/kg for 2 days) with either total
body irradiation (TBI; 2 Gy twice daily for 3 days) or busulfan
(3.2 mg/kg/day for 4 days). The reduced-intensity conditioning

regimen was a combination of fludarabine with either busulfan or
melphalan, with or without low-dose TBI, for elderly or clinically
infirm patients. The conditioning regimen for severe aplastic
anemia was a combination of fludarabine, cyclophosphamide, and
anti-thymoglobulin, with or without TBI at 2 Gy. Alemtuzumab or
anti-thymoglobulin was added for patients who received a
haploidentical HSCT.**

Prophylaxis for graft-versus-host disease (GVHD) consisted of
cyclosporine or tacrolimus combined with short-term methotrex-
ate (10-15 mg/m? on day 1, 7-10 mg/m? on days 3 and 6, and an
optional dose on day 11). The target blood concentration of
calcineurin inhibitors was determined based on the disease risk.
Standard-risk diseases included acute leukemia in complete
remission, chronic myelogenous leukemia in the chronic phase,
myelodysplastic syndrome without leukemic transformation,
lymphoma in remission, and non-malignant disorders such as
aplastic anemia, while more advanced diseases were considered
high-risk diseases. Acute GVHD was graded as previously
described.’® Methylprednisolone or prednisolone at 1 mg/kg was
added for patients who developed grade II-1V acute GVHD.

Prophylaxis against bacterial, fungal, and Pneumocystis jirovecii
infection consisted of fluoroquinolones, fluconazole or itracona-
zole, and sulfamethoxazole/trimethoprim or inhalation of pent-
amidine, respectively. Pre-emptive therapy with ganciclovir or
valganciclovir for cytomegalovirus (CMV) infection was performed
by monitoring CMV antigenemia by the C10/11 method weekly
after engraftment. The initial doses of ganciclovir and valganci-
clovir were 5 mg/kg and 900 mg once daily, respectively.'” When
increasing antigenemia was observed, the doses were elevated to
5 mg/kg and 900 mg twice daily, respectively.

2.3. Prophylactic administration of acyclovir

As prophylaxis against herpes simplex virus (HSV) infection,
patients treated before August 2009 received oral acyclovir at
200 mg five times daily (ACV1000) from day —7 to 35, whereas
patients treated after September 2009 received oral acyclovir at
200 mg once daily (ACV200).'"¥ When patients could not take
acyclovir orally, intravenous acyclovir at 250 mg once and twice
daily was administered instead of oral acyclovir in the ACV200 and
ACV1000 groups, respectively. In both groups, oral acyclovir was
principally continued at 200 mg once daily from day 36 to the end
of immunosuppressive therapy and for at least 1 year after HSCT to
prevent VZV disease. In the case of CMV infection or disease,
acyclovir was discontinued, while ganciclovir, valganciclovir, or
foscarnet was used for treatment.

2.4. Diagnosis and treatment of VZV disease

The diagnosis of VZV disease was made based on the presence of
characteristic vesicular skin lesions on an erythematous base
within a dermatome, or a generalized cutaneous distribution.
Microbiological, pathological, and/or serological confirmation was
not performed routinely except in equivocal cases. Post-herpetic
neuralgia was defined as dermatomal pain persisting beyond 1
month after the initial presentation of VZV disease. VZV disease
was treated with oral valacyclovir at 3000 mg/day, oral famciclovir
at 1500 mg/day, oral acyclovir at 4000 mg/day, or intravenous
acyclovir at 15-30 mg/kg/day for 7 days. In patients with renal
impairment, the doses of these drugs were adjusted according to
the creatinine clearance.

2.5. Statistical analysis

The cumulative incidence of VZV disease and the impact of
possible confounding factors on VZV disease were evaluated using
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Figure 2. (A) Cumulative incidence of VZV disease after allogeneic HSCT in 141
patients who received acyclovir at 200 mg/day. (B) Cumulative incidence of VZV
disease after allogeneic HSCT in 130 patients in the protocol observance group
versus 11 patients in the protocol violation group.

Gray's method, while considering death without VZV disease and
second transplantation as competing risks.’” Multivariate analyses
for cumulative incidences were performed using Cox proportional
hazards regression modeling and Fine and Gray regression
modeling.”” In a multivariate analysis to identify risk factors
predictive for VZV disease, variables subjected to the model were
selected in a stepwise manner based on Akaike's information
criterion (AIC). p-Values of less than 0.05 were considered
statistically significant. All statistical analyses were performed
with EZR (Saitama Medical Center, Jichi Medical University),*
which is a graphical user interface for R (The R Foundation for
Statistical Computing, version 2.13.0). More precisely, it is a
modified version of R commander (version 1.6-3) that was
designed to add statistical functions that are frequently used in
biostatistics.

3. Results
3.1. Administration of prophylactic acyclovir

It was planned to administer oral acyclovir until the end of
immunosuppressive therapy and for at least 1 year after HSCT to
prevent VZV disease. However, acyclovir was prematurely
discontinued in 11 patients ~ at the request of the patient in
two cases, at the physician’s discretion in seven, and for reasons
that are unclear in two. These patients were regarded as the
‘protocol violation group’.

3.2. Incidence and risk factors for VZV disease after HSCT

Overall, 28 of the 141 patients developed VZV disease at a
median of 486 days (range 90-1393 days) after HSCT. The
cumulative incidence of VZV disease after HSCT was 4.5% (95%
confidence interval (C1) 1.8-8.9%) at 1 year and 18.3% (95% C1 11.8~
26.0%) at 2 years (Figure 2A). Six patients experienced break-
through VZV disease during long-term acyclovir, at days 90, 159,
165, 398, 420, and 459 after HSCT. However, four of these six

Table 2

Risk factors for VZV disease after HSCT

Univariate analysis

Factors Subgroup n Incidence at p-Value
3 years, % (95% CI)
Age <45 years 70 23.5(13.1-35.7) 0.88
>45 years 71 256 (14.1-38.7)
Sex Male 83  20.8 (11.3-32.2) 0.56
Female 58  29.7 (16.7-44.0)
Disease AML 67 20.9 (10.4-33.8) 0.96
ALL 14 299 (5.1-61.2)
MPAL 2 NA®
CML 3 333(0.1-83.2)
MDS 16 15.5 (2.2-40.4)
NHL/ATL 23 29.6(11.2-50.8)
SAA 12 344 (6.5-659)
Others 4 25.0(03-71.4)
Disease risk Standard 111 19.7 (11.8-28.9) 0.13
High 30 42.6 (20.2-63.5)
Conditioning Myeloablative 81 23.7 (13.8-35.1) 0.80
regimen
Reduced- 60 26.6(13.7-41.4)
intensity
Donor Related 56  15.4 (6.6-27.6) 0.11
Unrelated 85  32.1(20.0-44.8)
HLA (antigen) Matched 107 25.5 (16.3-35.6) 0.58
compatibility”
Mismatched 34 216 (7.2-40.9)
HLA (allele) Matched 81 24.0 (14.3-35.2) 0.92
compatibility”
Mismatched 48  25.5(9.5-45.3)
Uncertain/ 12 27.8 (4.8-58.3)
missing
Graft source Bone marrow 83  29.5(18.6-41.3) 0.24
Peripheral blood 47  13.6 (4.7-27.1)
Cord blood 11 NA®
GVHD Cyclosporine- 126 23.4(15.1-32.7) 0.16
prophylaxis based
Tacrolimus- 15 38.9(9.4-68.5)
based
Use of ATG/ Yes 19  30.3(8.6-56.0) 0.66
alemtuzumab
No 122 23.8(15.4-33.3)
Protocol Yes 11 NAY <0.001
violation
No 130 17.7 (10.7-26.3)
Multivariate analysis
Factor Hazard ratio 95% Cl p-Value
Protocol violation 7.50 3.60-15.63 <0.001

VZV, varicella zoster virus; HSCT, hematopoietic stem cell transplantation; Cl,
confidence interval; AML, acute myelogenous leukemia; ALL, acute lymphoblastic
leukemia; MPAL, mixed phenotype acute leukemia; CML, chronic myelogenous
leukemia; MDS, myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma; ATL,
adult T-cell leukemia/lymphoma; SAA, severe aplastic anemia; NA, not available;
HLA, human leukocyte antigen; GVHD, graft-versus-host disease; ATG, antithy-
mocyte globulin.

2 The cumulative incidence of VZV disease after transplantation was 0.0% (0.0-
0.0%) at 225 days. ’

> HLA compatibility was defined according to HLA-A, HLA-B, and HLA-DR loci.

¢ The cumulative incidence of VZV disease after transplantation was 46.8% (0.4~
90.2%) at 929 days.

¢ The cumulative incidence of VZV disease after transplantation was 90.9% (0.0-
99.9%) at 964 days.
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Table 3
Multivariate analysis treating the use of acyclovir as a time-dependent covariate,
excluding patients with protocol violation

Factor Hazard ratio 95% Cl p-Value

Age >45 years 1.18 0.33-4.25 0.80

Sex: female 1.96 0.70-5.45 0.20

Disease risk: high 2.30 0.71-7.41 0.16

Conditioning regimen: 1.02 0.28-3.77 0.97
reduced-intensity

Donor: unrelated 0.89 0.16-5.16 0.90

HLA (antigen) compatibility: 0.53 0.054-5.23 0.59
mismatched

Graft source: peripheral blood 0.44 0.064-3.02 0.40

Graft source: cord blood 1.40 0.090-21.54 0.81

GVHD prophylaxis: 0.69 0.14-3.44 0.65
cyclosporine-based

Use of ATG/alemtuzumab 1.37 0.097-19.16 0.82

Discontinuation of acyclovir 5.90 1.56-22.37 <0.001

CI, confidence interval; HLA, human leukocyte antigen; GVHD, graft-versus-host
disease; ATG, antithymocyte globulin.

patients had not taken acyclovir for more than 1 week before
breakthrough VZV disease due to poor compliance. The six patients
developed VZV disease in a limited dermatomal distribution and
responded promptly to a therapeutic dose of valacyclovir. In the
multivariate analysis of the whole population, protocol violation
was the only independent significant factor that increased the
incidence of VZV disease (hazard ratio (HR) 7.50, 95% CI 3.60-
15.63, p < 0.001, Table 2, Figure 2B). Nine of the 11 patients who
were included in the protocol violation group developed VZV
disease at a median of 464 days (range 191-964 days) after HSCT.

Table 4
Risk factors for VZV disease after the cessation of acyclovir
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Figure 3. Cumulative incidence of VZV disease after the cessation of long-term
acyclovir in 39 patients.

The cumulative incidence of VZV disease at 1 year and 2 years after
HSCT was 27.3% (95% CI 5.8-55.2%) and 54.5% (95% C1 20.6-79.2%),
respectively, in the protocol violation group, and 2.3% (95% CI 0.6-
6.1%) and 14.8% (95% CI 8.6-22.6%), respectively, in the protocol
observance group (p < 0.001, Figure 2B). Next, we performed an
analysis treating the use of acyclovir as a time-dependent
covariate, excluding patients with protocol violation. The discon-
tinuation of acyclovir was the only significant factor for the
development of VZV disease (HR 5.90, 95% CI 1.56-22.37,
p < 0.001, Table 3).

Univariate analysis

Factors Subgroup n Incidence at 2 years, % (95% CI) p-Value

Age <40 years 20 12.9 (1.9-34.6) 0.0066
>40 years 19 63.5 (26.2-85.7)

Sex Male 22 25.2 (8.8-45.9) 0.32
Female 17 56.5 (16.9-83.3)

Disease risk Standard 32 31.3 (13.2-51.5) 0.28
High 7 67.9 (9.8-93.7)

Conditioning regimen Myeloablative 27 36.3 (15.7-57.5) 0.86
Reduced-intensity 12 37.9 (10.0-66.4)

Donor Related 17 21.1 (4.6-45.7) 0.14
Unrelated 22 51.4 (21.8-74.8)

HLA (antigen) compatibility® Matched 32 37.5(18.8-56.3) 0.96
Mismatched 7 NA®

HLA (allele) compatibility® Matched 25 32.6 (17.8-55.0) 047
Mismatched 9 NA®
Uncertain/missing 5 20.0 (0.4-63.2)

Graft source Bone marrow 23 45.0 (21.4-66.1) 0.62
Peripheral blood 13 21.1 (2.5-51.7)
Cord blood 3 NA®

GVHD prophylaxis Cyclosporine-based 35 36.2 (17.8-55.0) 0.26
Tacrolimus-based 4 NA®

Duration of ACV prophylaxis <1.5 years 28 44.9 (21.8-65.6) 0.26
>1.5 years 11 20.0 (2.6-49.0)

Lymphocyte count at the cessation of ACV <2 x 1091 25 34.9 (15.9-54.7) 0.71
>2x10°/1 14 45,6 (7.3-79.0)

Chronic GVHD Yes 17 48.1 (13.3-76.7) 0.71
No 22 322 (12.2-54.4)

Duration of ACV prophylaxis after the cessation <100 days 18 43.1 (15.3-68.6) 0.75

of immunosuppressive drugs

>100 days 21 34.0 (11.2-58.8)

VZV, varicella zoster virus; HLA, human leukocyte antigen; NA, not available; GVHD, graft-versus-host disease; ACV, acyclovir; CI, confidence interval.

2 HLA compatibility was defined according to HLA-A, HLA-B, and HLA-DR loci.

b The cumulative incidence of VZV disease after the cessation of acyclovir was 31.4% (3.0-68.3%) at 455 days.
¢ The cumulative incidence of VZV disease after the cessation of acyclovir was 35.2% (6.7-66.8%) at 455 days.
¢ The cumulative incidence of VZV disease after the cessation of acyclovir was 50.0% (0.0-96.0%) at 350 days.
¢ The cumulative incidence of VZV disease after the cessation of acyclovir was 50.0% (2.3-88.1%) at 482 days.
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Table 5
Clinical outcomes of VZV disease (n=28)

Localized zoster, n (% 26 (93%)
Trigeminal 4
Cervical G
Thoracic 10
Lumbar 2
Sacral 4

Disseminated disease, n (%) 2(7%)
Cutaneous 2
Visceral 1"
Meningoencephalitis 1

Hospitalized, n (%)

Yes 2(7%)
No 26 (93%)
Treatment, n (%)
Acyclovir IV 1(3.5%)
Acyclovir PO 1(3.5%)
Valacyclovir 24 (86%)
Famciclovir 1(3.5%)
No treatment 1(3.5%)
Complications, n (%)
Post-herpetic neuralgia 8 (29%)
Facial paralysis 1(3.5%)
Neurologic symptoms 1(3.5%)"
None 18 (64%)

VZV, varicella zoster virus; 1V, intravenous; PO, by mouth,
% One patient had both disseminated cutaneous zoster and visceral involvement.
Y One patient had both disseminated cutaneous zoster and meningoencephalitis.
¢ Neurologic symptoms, including paralysis in the left lower extremity, pain in
both Jegs, and rectal/bladder disorder, persisted in one patient who developed VZV
meningoencephalitis,

3.3. Incidence and risk factors for VZV disease after the cessation of
acyclovir

Of the 141 patients who received long-term acyclovir, 50
discontinued acyclovir before the onset of VZV disease, death, or
second transplantation. We analyzed the incidence and risk factors
for VZV disease after the cessation of acyclovir in 39 of the 50
patients without protocol violation (Figure 1). The median duration
of acyclovir prophylaxis was 400 days (range 364-1230 days) and
the median follow-up duration after the cessation of acyclovir was
370 days (range 17-1347 days). Thirteen of the 39 patients
developed VZV disease at a median of 163 days (range 44-784
days) after the discontinuation of acyclovir. The cumulative
incidence of VZV disease after the cessation of acyclovir was
28.4%(95% C114.6-44.0%) at 1 year and 38.0%(95% C1 20.1-55.8%) at
2 years (Figure 3). In a univariate analysis, only age >40 years was
significantly associated with a higher incidence of VZV disease
(Table 4).

3.4. Clinical outcomes of VZV disease after HSCT

Twenty-six of the 28 patients developed VZV disease in a
localized dermatomal distribution (Table 5). Localized zoster could
be treated successfully with oral antiviral agents without hospitali-
zation. The other two patients developed cutaneous disseminated
VZV disease at days 464 and 681 after HSCT and were hospitalized
for treatment. One of the two patients developed VZV meningoen-
cephalitisat 115 days after the cessation of acyclovir and was treated
with intravenous acyclovir at 30 mg/kg/day.”” The other patient had
abdominal pain with cutaneous disseminated VZV disease at 112
days after the cessation of acyclovir, and we considered it to be a
symptom of visceral involvement. Although no patient died directly
of VZV disease, complications after VZV disease were observed in 10
patients. Neurologic symptoms, including paralysis in the left lower
extremity, pain in both legs, and a rectal/bladder disorder, persisted
in one patient who developed VZV meningoencephalitis, while eight

patients developed post-herpetic neuralgia and the other developed
unilateral facial paralysis (Ramsay Hunt syndrome).

4. Discussion

This study demonstrated that the use of acyclovir at 200 mg/
day was associated with a low incidence of VZV disease after
allogeneic HSCT. On the other hand, a small number of patients
experienced breakthrough VZV disease during long-term acyclovir
and approximately 40% of patients developed VZV disease after the
discontinuation of acyclovir. In particular, patients who had not
taken acyclovir regularly due to poor compliance and who violated
the protocol more frequently developed VZV disease, although we
planned to administer oral acyclovir until the end of immunosup-
pressive therapy and for at least 1 year after HSCT. The cumulative
incidence of VZV disease after HSCT was significantly higher in the
protocol violation group than in the protocol observance group.
These results suggest that the long-term administration of
acyclovir based on our protocol was highly effective for preventing
VZV disease.

However, the development of VZV disease after the cessation of
long-term acyclovir remains unresolved. In a univariate analysis,
only age >40 years was significantly associated with a higher
incidence of VZV disease, However, this result might be somewhat
incidental. There was only one patient who restarted immunosup-
pressive agents, and therefore we could not analyze the effect of
the resumption of immunosuppressive therapy. Among previous
studies, Erard et al. demonstrated that late-onset VZV disease was
further decreased by extended prophylaxis beyond 1 year in
patients who remained on immunosuppressive drugs.'” The
finding of the current study - that protocol violation was
significantly associated with a higher incidence of VZV disease ~
is consistent with their conclusion. We cannot, however, ignore the
possibility that the increased incidence of VZV disease in protocol
violators was not because of the acyclovir discontinuation but
because acyclovir tended to be more frequently discontinued in
patients who were at higher risk for VZV disease. However, this is
less likely, since the major reason for protocol violation was
physician discretion, not based on the physical status of the
patient. Therefore, acyclovir prophylaxis should be continued for at
least as long as the immunosuppressive drugs are administered.
However, the development of VZV disease after the discontinua-
tion of acyclovir cannot be eliminated even by this strategy, and
immune reconstitution against VZV may be a more important
issue. Boeckh et al. demonstrated that there was no statistically
significant difference in the reconstitution of VZV-specific T-cell
responses between patients who received acyclovir at 800 mg
twice daily and those who received placebo.” This finding suggests
that subclinical VZV reactivation continues to occur during
prophylaxis and that this antigen exposure may boost immunity
and prevent subsequent symptomatic VZV disease.”**? However,
additional strategies are required, since the natural reconstitution
of VZV-specific T-cell immunity after allogeneic HSCT was not
sufficient to eradicate VZV disease. A possible strategy is to
administer VZV vaccine. Hata et al. demonstrated that inactivated
varicella vaccine significantly reduced clinical VZV disease in
patients who underwent autologous HSCT.*® Although no data are
available on the effectiveness of inactivated varicella vaccine in
allogeneic HSCT recipients, several small retrospective studies
have reported that the live attenuated varicella vaccine is safe and
immunogenic,”*#” and recent vaccine guidelines permit the use of
a live attenuated varicella vaccine in selected patient groups.”®
Prospective studies are necessary to evaluate the safety, efficacy,
and immunogenicity of the varicella vaccine.

In this study, the incidence of disseminated VZV disease was
only 7% and no patient died directly of VZV disease, as found in
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previous studies.'®**** An important benefit of long-term
acyclovir prophylaxis may be the prevention of disseminated
VZV disease and its complications, although this study was too
small to show such a benefit statistically. A delay in the onset of
VZV disease by long-term acyclovir prophylaxis allows VZV-
specific immune reconstitution, which results in a marked
decrease in disseminated VZV disease.

The minimal effective dose of long-term acyclovir also remains
unclear. In this study, acyclovir was administered at a dose of
200 mg, which is the minimal dose used in previous studies.®
81013 This dose was as effective at preventing VZV disease as
acyclovir at higher doses in previous studies (600-3200 mg/day),
and was superior in terms of low cost and drug compliance, since
only one dose was required per day. On the other hand, a major
concern regarding long-term ultra-low-dose acyclovir prophylaxis
is the emergence of resistant VZV strains. In this study, acyclovir-
resistant VZV was not observed, although there were six cases of
breakthrough localized zoster that responded well to a therapeutic
dose of valacyclovir. About 300 patients, including those in our
previous studies, have received long-term ultra-low-dose acyclovir
prophylaxis and have not developed clinically resistant VZV
disease.'” In addition, acyclovir-resistant HSV was not observed, as
described previously.*®

In conclusion, this study shows that long-term ultra-low-dose
acyclovir appears to be effective for preventing VZV disease,
especially disseminated VZV disease, after allogeneic HSCT. The
incidence of VZV disease in patients who violated our protocol was
extremely high, and therefore we recommend continuing acyclovir
until the end of immunosuppressive therapy and for at least 1 year
after HSCT. However, additional strategies, such as the combina-
tion of long-term acyclovir prophylaxis and the administration of
varicella vaccine, may be needed to eradicate VZV disease.
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