¢t BMT (Average)
- =4 =-Casa 1

Time after transplant (days)
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Fig. 4 Percentages of donor-type chimensm in the four patients who
failed to achieve engrafi a P ge of donor-type chimensm
in one patient (case 1) who failed to achieve engraftment after BMT. b

RIST using fludarabine and busulfan with TBI, however,
Barker et al. [2] reported all engraftiment patients without
relapse had complete myeloid and lymphoid donor chime-
rism at more than 1 month after transplantation. Furthermore,
Kusumi et al. [12] reported that RIST with TBI reduced the
risk of graft failure compared with RIST with antithymocyte
globulin (ATG). Stable engraftment was in fact achieved in

21 (87.5%) of the 24 patients who received RIST with TBI
in the present study. The high incidence of complete
chimerism may be one of the factors responsible for
achievement of engraftment in patients who received RIST.

Several studies have shown that stem cell sources
influenced the rate of engraftment and median time to
engraftment [12, 14, 19, 21, 22]. The Stem Cell Trialists's
Collaborative Group [21] reported that PBSCT led to
faster engraftment than did BMT (median time=14 vs 21
days). Laughlin et al. [14] reported that median time to
engraftment after CBT was 27 days. In our study, median
times to engraftment were 12 days after PBSCT, 16 days
after BMT, and 26.5 days after CBT (P<0.01). When we
analyzed the influence of stem cell sources on donor-type
chimerism, it was clear that PBSCT led to faster complete
chimerism and that CBT led to slower complete chime-
rism. This delay in complete chimerism after CBT may be
one of the reasons for the delay in engraftment and the
high incidence of graft failure in patients who received
CBT compared with those in patients who received BMT
or PBSCT.

Graft failure occurred in four patients, including one
patient who received BMT (case 1) and three patients
who received CBT (cases 2, 3, and 4). Considering our
results showing that stem cell source influenced the

—=4—CBT (Average)
[ = =& - Case 2
=@ -Cased
» =% = Case 4

Donor-type chimerism

" i -"X' ey
Cal
14 21 28
Time after transplant (days)

b) Graft failure after CBT

Percentages of donor-type chimensm in three patients (cases 2, 3, and
4) who failed 10 achieve engrafiment after CBT

percentage of donor-type chimerism, we evaluated each
case by comparing with the average percentage of donor-
type chimerism in patients with each stem cell source. A
notable decrease in donor-type chimerism was observed
in all four patients who failed to achieve engraftment
(Fig. 4). Our study suggests that stem cell source should
be taken into account for prediction of engraftment and
graft failure by monitoring chimerism. In addition, our
results for average percentage of donor-type chimerism in
patients who achieved engraftment for each stem cell
source (PBSCT=81.5% on day 7, BMT=84.8% on day
14, CBT=55.8% on day 14) may be useful for predicting
engraftment and graft failure.

However, in this study, there was no significant
influence of conditioning regimen within the stem cell
source (for example, PBSCT with CST, RIST with and
without TBI). Since one of the reasons for this might be the
small number of patients in this study, further studies are
required to evaluate the influence of conditioning regimen
within the stem cell source.

In this study, we analyzed very carly chimerism (days 7,
14, 21, 28) and evaluated correlations between conditioning
regimens, stem cell sources, and donor-type chimerism.
RIST with TBI led to more complete chimensm than did
RIST without TBIL. On day 7, the percentage of donor-type
chimerism after PBSCT was significantly higher than that
after BMT or CBT. On day 14, the percentage of donor-
type chimerism after CBT was significantly lower than that
after BMT or PBSCT. This study suggests that differences
in conditioning regimens and stem cell sources should be
taken into account when considering the percentage of
donor-type chimerism.
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Prognostic value of serum surfactant protein D level prior to transplant
for the development of bronchiolitis obliterans syndrome and idiopathic
pneumonia syndrome following allogeneic hematopoietic stem cell

transplantation
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Bronchiolitis obliterans syndrome (BOS) and idiopathic
poeumonia syndrome (IPS) cause high mortality and
impaired survival after hematopoietic stem-cell
transplantation (allo-HSCT). Early recognition of pa-
tients at high risk of developing BOS/IPS may lead to
improving the outcome of allo-HSCT. We y
analyzed serum surfactant protein A, D (SP-A, -D) and
Kerbs von Lungren 6 Ag (KL-6) levels before allo-HSCT
in 56 patients who survived more than 90 days after allo-
HSCT and compared values of these serum markers and
other transplant factors in BOS/IPS patients with those
in non-BOS/IPS patients. Five patients developed BOS
and two developed IPS at a median interval of 303 and
117 days (range, 100452 and 95-153) from transplant-
ation. As a result of univariate analysis, pre

serum SP-D levels but not SP-A, KL-6 in BOS/IPS
patients were significantly lower than those in non-BOS/
IPS patients (P=0.03). In multivariate analysis, the
patients with lower ant serum SP-D level had
a trend toward frequent development of BOS/IPS
(P =0.08), Constitutive serum SP-D level before allo-
HSCT may be a useful, noninvasive predictor for the
development of BOS/IPS.
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Introduction
Late-onset  noninfectious pulmonary complications
(LONIPCs) after allogeneic hematopoietic stem-cell

transplantation (allo-HSCT) are a critical problem. Many
studies have reported that the development of LONIPCs is
closely associated with the occurrence of chronic GVHD
(cGVHD),'* However, the pathogenesis of LONIPCs is
unclear. LONIPCs are classified into bronchiolitis obliter-
ans syndrome (BOS), bronchiolitis obliterans with organiz-
ing pneumonia and idiopathic pneumonia syndrome (IPS).
BOS and IPS are difficult to cure, cause high mortality and
decrease survival after allo-HSCT. The incidences of BOS
and IPS reportedly vary widely from 1.7 to 26% and from
2.0 to 17% in allo-HSCT, respectively.** Early identifica-
tion of patients with high risk for BOS/IPS and early
treatment for them may be crucial in improving the
outcome of allo-HSCT. Although many other risk factors
for BOS/IPS have been reported,** it remains difficult to
detect patients at high risk for BOS/IPS.

Surfactant proteins A (SP-A) and D (SP-D) are collectins
mainly synthesized by alveolar type II cells. The best-
known function of surfactant (mainly SP-B) is to prevent
the collapse of alveoli by decreasing surface tension at the
alveolar air-lipid interface. SP-A and -D play an important
role as mediators in innate immunity in the lung.*'* SP-D
has diverse innate immune functions as follows:® binding
and agglutination of pathogens; enhancement of phagocy-
tosis/killing of pathogens; rapid clearance of bacterial
endotoxin; moderation of inflammatory response to infec-
tion and in allergy; antioxidant properties, clearance of
apoptotic cells and Ag presentation. Furthermore, it has
been reported that significant severe lung inflammation
frequently occurs in SP-A-deficient mice given allogeneic
donor BM plus spleen T cells followed by conditioning with
CY and lethal irradiation."'

Based on these previously reported studies, we hypo-
thesized that individual constitutive levels of surfactant
protein in allo-HSCT recipients might be associated with
the development of BOS/IPS. In addition, Kerbs von
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Lungren 6 Ag (KL-6), which is a high-molecular-weight
glycoprotein (molecular weight > 1000K) classified in
humans as MUCI] mucin, strongly expressed on type Il
alveolar pneumocytes and bronchiolar epithelial cells, and
is a well-known marker for the activity of interstitial
pneumonia, was also reported to increase in BOS after lung
transplant.’” The current study examined whether SP-A, -D
or KL-6 in serum before transplant has a prognostic value
for noninfections severe complications, BOS/IPS after
allo-HSCT.

Patients and methods

Patients

We retrospectively evaluated 56 patients with hematolo-
gical malignancies who had undergone allo-HSCT between
November 2001 and 2006 at our institute and survived
more than 90 days after transplant. Patients who had
obstructive lung disease before transplant or active
pneumonia at blood sampling were excluded. The median
age at transplant was 42 years old (range, 16-69) (Table 1).
These patients included 31 with AML, 5 with ALL, 2 with
CML, 6 with myelodysplastic syndrome (MDS), 7 with
non-Hodgkin's lymphoma and 5 with adult T-cell leukemia
(ATL) (Table 1). In total 25 patients (45%) received a
transplant in the advanced phase of the disease. Standard
discase status included MDS (refractory anemia), acute
leukemia or lymphoma in the first or second remission or
chronic leukemia in the first chronic phase. Advanced
disease status included patients with MDS (refractory
anemia with excess blasts), secondary acute leukemia, Ph
chromosome-positive ALL, ATL and all patients beyond
the second remission or the first chronic phase in acute and
chronic leukemia or lymphoma. This study was approved
by the Institutional Review Board. The concept, procedure
and potential risks of the study were explained and written
informed consent was obtained from all enrolled patients.

Al = |

2 poietic stem-cell transplantation

In total, 15 patients received allo-HSCT from HLA-
identical sibling donors, 6 from HLA-mismatched sibling
donors, 20 from HLA-identical unrelated donors and
15 from HLA-mismatched unrelated donors including 10
cord blood transplants (CBT) (Table 1). HLA matching
(HLA-A, -B and -DR) was determined by DNA geno-
typing in siblings and unrelated transplants except CBT,
and only serologic typing was performed in CBT. We
defined HLA mismatch as the presence of at least one
serological or allele mismatch between recipient and donor.
As a source of allogeneic stem cell grafts, BM cells were
used for 28 patients, mobilized PBSCs for 18 patients and
cord blood for 10 patients.

In total, 26 patients (46%) received the following
myeloablative conditioning: BU/CY (n=10); CY/TBI
(n=7); Ara-C/CY/TBI (n=8) and other (n=1) (Table 1).
These conditioning regimens were selected individually
based on the status of the underlying discase. On the other
hand, reduced-intensity conditioning was employed for 30
patients (54%) ineligible for myeloablative conditioning
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Table 1 Characteristics of patients
Characteristics Total
No. of patients 56
Median age at transplant (years) 42 (16-69)
Sex (male/female) 25/31
Disease
AML 31
ALL L1
MDS 6
CML 2
NHL |
ATL 5
Disease status
Standard 31
Advanced 25
Donor HLA
Maiched related 15
Matched unrelaied 20
Mismatched related 6
Mismatched unrelated 15 (CB 10)
Stem cell source
BM 28
PBSC 18
CB 10
Conditiond
Myeloablative 26
CY+TBI 7
AnC+CY+TBI §
BU+CY 10
Other 1
Nonmyeloablative 30
Flu+BU 19
Other Flu-based regimen 6
TLI containing regimen 5
GVHD prophylaxis
CsA +sMTX a“
CsA alone 8
CsA + MMF 1
Tacrolimus +sMTX 2
Tacrolimus alone 1

Abbreviations: ATL =adult T-cell leukemia; CB=cord blood; Flu=
fludarabine: MDS=myclodysplastic synd MMF =mycophenol
mofetil; NHL = non-Hodgkin's lymphoma; sMTX = short-term MTX,

because of advanced age, comorbidity, organ dysfunction
or prior intensive chemotherapies. The reduced-intensity
conditioning included fludarabine (Flu)/BU (n=19); Flu/
BU/TBI (n = 3); other Flu-containing regimens (n=3) and
total lymphoid irradiation-containing regimens (n=>5).

Acute GVHD prophylaxis and diagnosis

As a prophylaxis for acute GVHD (aGVHD), 44 patients
received both CsA and short-term MTX; 8, CsA alone; 1,
CsA and mycophenolate mofetil (MMF); 1, tacrolimus
alone; 2, tacrolimus and short-term MTX (Table 1). The
doses of CsA were adjusted to the target of trough level
from 150 to 250 ng/ml until Day 100, whereas the doses of
tacrolimus were adjusted to the target of trough level from



10 to 15ng/ml until Day 100 and then these drugs were
tapered unless GVHD occurred. Intravenous administra-
tion of MTX was performed at 10mg/m? on Day I,
and 7mg/m® on Days 3 and 5. aGVHD was diagnosed
clinically, graded according to standard criteria and
confirmed by appropriate biopsies. Chronic GVHD
(cGVHD) was also defined according to the standard
criteria. However, since BOS is generally incorporated as
part of the manifestation of extensive ¢GVHD, there is
inevitably a major confounding between BOS and extensive
type of ¢cGVHD. Therefore, we classified ¢cGVHD into
limited or extensive type except lung manifestation.

Pulmonary function tests

Pulmonary function tests (PFTs) were undergone pre- and
post transplant. Pretransplant PFTs were performed within
30 days before transplant and post transplant PFTs were
performed at a median time of 355 days (range, 90-1402)
after transplant, The following parameters were evaluated:
forced expiratory volume in 1s (FEV,), forced vital
capacity (FVC) and FEV,/FVC ratio,

Definition of BOS and IPS

The criteria used to diagnose BOS were as follows: clinical
or radiological signs and symptoms of lung disease and/or
abnormalities in PFTs, and a decline in FEV, to less than
80% of the predicted value and FEV,/FVC less than 70%
in PFT, without evidence of infectious causes.*!* IPS was
diagnosed with the following criteria: widespread alveolar
injury (multilobular infiltrates on chest radiography or
computed tomography, with symptoms and signs of
pneumonia and evidence of abnormal pulmonary physio-
logy), absence of clinical or laboratory evidence of active
lower respiratory tract infection (bacterial, fungal, viral or
parasitic) and absence of malignancy.”™'*

Collection and analysis of blood samples

Serum samples from peripheral blood were collected from
56 patients before allo-HSCT. Additionally, in five BOS
and one IPS patients, we also evaluated post transplant
SP-D, -A and KL-6 serum levels. The serum was separated
by centrifuging the blood at 3500r.p.m. for 10min. The
serum samples were then stored at —80 °C until they were
used. According to the manufacturer's recommended
protocol (SRL Inc.; Tokyo, Japan), levels of SP-D and
-A in serum were determined using a commercially
available enzyme immunoassay, and levels of KL-6 were
measured using a commercially available electro chemilu-
minescent immunoassay. Since the detection sensitivity
limit in the SP-D assay was 17.2ng/ml, values less than
17.2 ng/ml in SP-D (6 in 49 non-BOS/IPS patients and 2 in
7 BOS/IPS patients) were statistically evaluated as 17.2ng/ml.

Statistics

Univariate analysis was performed by the Mann-Whitney
U-test for metric variables and y-test for categorical
variables. The Mann-Whitney U-test was used to compare
values of SP-D, -A, KL-6 levels and age between the
BOS/IPS and the non-BOS/IPS groups. y’-test was used

Pretransplant serum SP-D as a predictor for BOSTPS
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to compare disease status (high vs standard), donor type
(HLA mismatched vs others), conditioning regimen (myelo-
ablative vs reduced-intensity conditioning), TBI (high-dose
TBI (12Gy) vs others), BU (BU vs no BU), aGVHD
(grades II-IV vs 0-I) and cGVHD (extensive type vs none
and limited) in the BOS/IPS group with those in the non-
BOS/IPS group. Multivariate analysis was performed with
logistic analysis. Multivariate logistic analysis was con-
ducted with covariates with P-values <0.10 on univariate
analysis. All P-values were two-sided and a significance
level of 0.05 was used.

Results

The median follow-up time of 56 patients was 615 days
(range, 91-2040), Of 56 patients, 40 patients (71%) had
aGVHD including 27 patients with grades II-IV (48%) and
12 patients with grades [1I-1V (21%), and 39 patients
(70%) had ¢GVHD including 28 patients with extensive
type (50%). In all patients, 2-year overall survival (OS) and
event-free survival (EFS) were 70 and 66%. In total, 2-year
OS and EFS in the BOS/IPS and the non-BOS/IPS patients
were similar (2-year OS: 71 vs 69% and 2-year EFS: 71 vs
64%, respectively).

Characteristics of BOS/IPS patients

Of 56 patients, 5 (9%) developed BOS and 2 (4%)
developed IPS (Table 2). Respiratory failure progressed
rapidly in the two IPS patients, leading to death despite
undergoing mechanical ventilation. Thus, it was difficult to
perform transbronchial lung biopsy in these patients.
However, in one of these patients, the autopsy was
performed and the results of autopsy showed pulmonary
congestion, fibrosis and diffuse alveolar damage, and did
not show any evidence of viral, bacterial or fungal
pulmonary infections. In the other patient, the results of
bronchoalveolar lavage (BAL) examination showed no
evidence of viral, bacterial and fungal pulmonary infec-
tions. Therefore, we diagnosed these patients as having IPS.
The median time between the diagnosis of BOS/IPS and
allo-HSCT was 303 days (range, 100-452) and 135 days
(117 and 153), respectively. The median age of the BOS/IPS
patients was 32 years (range, 18-67). Of seven BOS/IPS
patients, there were no patients receiving allo-HSCT from
matched related donors (3 matched unrelated donors, 2 one
Ag-mismatched related donors, 1 one allele-mismatched
unrelated donor and 1 one Ag and one allele-mismatched
unrelated donor). All of the seven BOS/IPS patients had
extensive type of cGVHD classified except lung manifesta-
tion. All patients received steroid-based therapies, but two
IPS patients died. Among five BOS patients, BOS was
stable in three patients and improved in two patients and all
of the five BOS patients are still alive.

Serum SP-A, -D and KL-6 levels pre- and post transplant
In all patients, median pretransplant SP-A, -D and
KL-6 levels in serum were 27.2ng/ml (range, 6.7-83.7),
453 ng/ml (range, 17.2-159) and 232U/ml (range, 104-
725), respectively (Figure 1). The median pretransplant
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values of SP-A, -D and KL-6 in serum were 28.1 ng/ml
(range, 6.7-83.7), 54.4ng/m! (range, 17.2-159) and 242U/
ml (range, 104-725) in 49 patients without BOS/IPS,
whereas 26.4ng/ml (range, 13.8-32.3), 27.6ng/ml (range,
17.2-45.5) and 165 U/ml (range, 106-310) in 5 patients with
BOS, and 24,9 and 26.3 ng/ml, 17.2 and 43.4 ng/ml and 223
and 135 U/ml in 2 patients with IPS, respectively (Table 2).

In five BOS patients, post transplant SP-A, -D and KL-6
levels, when BOS was still active, specifically, obstructive
abnormality in the examination of spirography sustained in
all 5 patients, did not significantly change from the
pretransplant values (median pre- vs post transplant values
of SP-D, 27.6 vs 31.3 ng/ml; SP-A, 26.4 vs 36.55 ng/ml and
KL-6, 165 vs 236.5U/ml). On the other hand, in one IPS
patient, respiratory dysfunction and abnormal opacity
persisted during intubation, post transplant values of
SP-A, -D and KL-6 apparently became higher than the
pretransplant values (pre- vs post transplant SP-D in this
patient, 43.4 vs 143 ng/ml; SP-A, 26.3 vs 136 ng/ml; KL-6,
135 vs 470 U/ml),

1944 +

1621 +
1972+
897+
770 +
155 (IPS)
136 (IPS)

Quteoms
(cause of death)

164
246
106
310
165
223
135

3 KL-6 = Kerbs von Lungren 6 Ag; M = male;

Preiransplant
serum markers

SP-D (ng/ml) SP-A (ngiml) KL-6 (Ufmi)
319
138
23
14.1
49
26.3

6
2
2
2
3
2
4
surfactant protein D.

Risk factors for developing BOS and IPS

In the univariate analysis, pretransplant SP-D levels in
serum were significantly lower and the incidence of
extensive cGVHD was significantly more frequent in the
patients with BOS/IPS as compared with the patients
without BOS/IPS (P=0.03 and 0.03, respectively) (Table 3).
Pretransplant KL-6 levels in serum tended to be lower
in the BOS/IPS group (P=0.09). Thus, three factors,
pretransplant SP-D and KL-6 level in serum and extensive
type of cGVHD, were employed as covariates in multi-
variate logistic analysis. In multivariate analysis, the serum
SP-D levels in the BOS/IPS group tended to be lower than
those in the non-BOS/IPS group (P =0.08) (Table 4).

Response
No change
No change
Improved
Improved
No change
Progression
Progression

; SP-A =surfactant prolein A; SP-D

HD-mPSL + sivelestat

mPSL
mPSL
HD-mPSL
mPSL

146 mPSL
HD-mPSL

153
"7

452
303
100

ve BOS
ensive [PS

Discussion

ensive
Lensi

ixtensive
Extensive BOS
Extensive BOS
Ex

Ext

Extensive IPS

Ext
Ext

The major finding in our study is that low steady-state
serum concentration of SP-D before allo-HSCT was closely
associated with BOS/IPS. The following risk factors for
BOS, advanced recipient or donor age, preceding acute or
cGVHD, PBSCT, MTX for aGVHD prevention, female
donor to male recipient, BU containing or intensive
: conditioning, lower serum IgG levels, lower pretransplant
1 FEV,/FVC rmatio, respiratory viral infections within 100
days post-HSCT and an episode of interstitial pneumonitis
have been reported.® Similar risk factors, greater patient
age (>40 years), myeloablative regimens, aGVHD and
high-dose TBI reportedly contribute to the development of
IPS.”* These reports suggest that the pathogenesis both of
BOS and IPS involves compositive processes including non-
allo-immune reaction affecting pulmonary function in allo-
HSCT such as lung toxic conditioning, aging and a history
of pulmonary infection and allo-immune reaction such
as acute or cGVHD after allo-HSCT. However, in our
study we found no significant association between age,
donor source, conditioning regimen and aGVHD. Possible
explanatory factors are (1) small population size, (2)
various types of conditioning regimen and (3) only patients

aGVHD cGVHD* Event Onset® Therapy
BOS 307
BOS
MNHL = non-H:

bronchiolitis obliterans syndrome; ¢GVHD = chronic GVHD; F = female; IPS = idi
s 2 ly

HLA
mismatch

1 allele

| Ag+ 1 allele

| Ag
| Ag
Unreluted Match

Unrelated

mPSL

Unrelated Match
Unrelated Maich
Unrelated

Related
Related

bt

MDS
NHL
AML
AML
ALL
28 MDS

Ll

Characteristics of patients with BOS/1PS

29 AML

57
18
48
32
67

¥

Sex  Age Diseaw Donor

F
M
M
F
I

I

M

Abbreviations: aGVHD = acote GVHD; BOS

MDS
*¢(GVHD of the lung was excluded,

*Days afier trunsplantation
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Figure 1 Distribution of serum markers (SP-A (a), SP-D (b) and KL-6 (¢)) before transplantation for patients with/without BOS/IPS. SP-D values before
SCT were significantly lower in patients with BOS/IPS than in those without BOS/IPS. In SP-A and KL-6, no statistical significance existed between patients
with BOS/TPS and those without BOS/IPS. Thldnhedl‘nﬁmdhlﬂheuppulhnllnﬂhmmnplmmmnkn SP-A = surfactant protein A;
SP-D = surfactant protein D; BOS/IPS = bronchiolitis obliterans synd: : ynd and KL-6= Kerbs von Lungren 6 Ag.
Table 3 Comparison of risk factors between patients with and without BOS/TPS
Risk factor Median (range) or number P
BOS[IPS Non-BOS[IPS
Age 32 (18-67) 42 (16-69) 0.96
High-risk disease i 22/49 092
HLA mismatches 47 17/49 0.25
RIST 47 26/49 0.69
High-dose TBI containing regimen i 12/49 0.30
BU containing regimen 47 34/d9 0.52
aGVHD 1I-IvV i 27/49 0.54
cGVHD extensive (except lung) m 21/49 0.03*
Serum SP-D levels before SCT (ng/ml) 27.6 (17.2-45.5) 544 (17.2-159) 0.03*
Serum SP-A levels before SCT (ng/ml) 26.3 (13.8-323) 281 (6.7-83.7) 0.26
Serum KL-6 levels before SCT (U/ml) 165 (106-310) 242 (104-725) 0.09
Abbreviati BOS=h hiolitis obli il IPS = i i i ; KL-6=Kerbs von Lungren 6 Ag, RIST = reduced-
intensity stem cell transplantation; SPA-mrtlcl.mtpmmA, SP-Dumnmnlpmuin D.
*P<0.05.
Table 4 Multivariate logistic analysis of risk factor for BOS/IPS increase in the permeability of the lung/blood interface
z 2 partly caused by the destruction of the bronchiolar
e i Odsrutia (9% €) P epithelium and vascular endothelial cells. Also in this
Serum SP-D levels before SCT 0.95 (0.90-1.01) 008  study, SP-A, -D and KL-6 were apparently elevated in IPS
Serum KL-6 levels before SCT 0.99 (0.98-1.01) 022 but pot in BOS. Although we cannmot conclude that
CGVHD eximiive (exoa ung) 326 (0.43-56.0) 016 surfactants and KL-6 increased in IPS but not in BOS
Abbreviations: cGVHD =chronic GVHD: Cl=confid S based on thg results in onl:{ one patient with IPS, in IPS the
SP-D = surfactant protein D. rapid and diffuse destruction of lung tissue may promote
the release of SP-D into the circulation, while in BOS,
which is a kind of chronic lung discase, the serum SP-D
who survived more than 90 days after allo-HSCT in this  levels remained low. Although very little is known about
study. the role of SP-D in chronic lung diseases, these results
In clinical practice, elevated serum SP-D and KL-6 levels  suggest that IPS and BOS have distinct etiologies.
have been used as a marker of various lung diseases and Low production of surfactant protein and secretary
activity of interstitial pneumonia.'®'? Significant elevation  protein in the alveoli is considered an important pathoge-
in the serum level of SP-D and KL-6 in pulmonary nesis of certain types of lung disease such as adult
inflammation is considered to be evoked by an activated  respiratory distress and BOS.'*'7 SP-D is synthesized by
secretion from the bronchiolar epithelium and/or an  non-ciliated Clara cells as well as pulmonary type Il
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pneumocytes. A decrease in the serum level of Clara cell
secretary protein (CC16) was observed in BOS in both
lung' and SCT.'” The latter study also suggests that
decreased serum levels of CCl6 might permit early
diagnosis of BOS. It was also reported that there is a
protective effect of exogenous surfactant instillation to
donor lungs before retrieval on post-lung transplantation
surfactant function.’™ In addition, it was observed that
absence or low levels of SP-D augment inflammation by
acute oxidative stress in the mice model'® and severe lung
inflammation frequently occurred in SP-A-deficient mice
receiving myeloablative allogeneic BM and spleen T-cells
transplant.'’ Furthermore, in mice transtracheal human
SP-A treatment attenuated the manifestation of IPS
probably as a result of suppressed IFN-production by
allo-activated lung-infiltrating T cells, and thereby, carly
survival was improved.*®

The molecular weight of SP-D and -A is smaller than
KL-6.*' SP-D leaks more easily than SP-A because most of
SP-A tightly bind to surfactant lipid aggregates in alveoli
but SP-D appears to be lipid free.* In these points, a
decrease in the serum SP-D level might reflect low
production of SP-D in the alveoli of chronically damaged
Jung more than SP-A and KL-6. However, this is just
speculation because it is unclear how the serum SP-D
concentration is regulated and whether steady-state serum
values of SP-D exclusively reflect constitutive synthesis
levels of SP-D in the lung.

It has recently been shown that the constitutional
SP-D serum levels are largely determined genetically based
on the twin studies.**** Moreover, it has been reported
that, among the nine haplotypes of the human gene
coding surfactant protein-D (SFTPD), the third most
common haplotype of SFTPD (allele frequency 13.53%)
is associated with a low serum level of SP-D.*

Therefore, we speculate that patients who have a
certain SFTPD polymorphism will be put at higher
risk of BOS/IPS when additive allo-immunological
reaction or pulmonary infection occurs to them in
allo-HSCT.

This study has the following limitations: (1) This study
was retrospective in a single institution, (2) consisted of
heterogeneous patient characteristics, diseases, condition-
ing regimens and GVHD prophylaxes and (3) we did not
show decreased secretion or production of surfactant
protein in the alveoli of the lung. To prove a causal linkage
between the level of surfactant protein secretion in the
alveoli and the pathogenesis of BOS/IPS in allo-HSCT
patients, we need to directly measure the surfactant protein
production level in the alveoli by BAL in allo-HSCT
patients, However, measurement with BAL is an invasive
examination for routine practice and has artifacts related to
the instillation of fluid into the airway. Therefore, it may be
a better alternative to address the association between
single nucleotide polymorphism in SP-D in allo-HSCT
recipients and LONIPCs.

In conclusion, pretransplant serum SP-D level may
be a noninvasive and useful predictive marker for the
development of BOS/IPS following allo-HSCT. To establish
the usefulness of constitutive serum SP-D in allo-HSCT,
a prospective trial in a large number of patients is needed.
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Abstract Recent reports have shown that cardiomyopathy
caused by hemochromatosis in severe aplastic anemia is
reversible after reduced-intensity allogeneic stem-cell trans-
plantation (RIST). We comprehensively evaluated cardiac
and autonomic nerve function to determine whether cardiac
dysfunction due to causes other than hemochromatosis is
attenuated after RIST. In five patients with cardiac
dysfunction before transplant, we analyzed the changes in
cardiac and autonomic nerve function after transplant, using
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electrocardiography (ECG), echocardiography, radionuclide
angiography (RNA), serum markers, and heart rate vari-
ability (HRV), before and up to 100 days after transplant.
There was no significant improvement in cardiac function
in any patient and no significant alteration in ECG,
echocardiogram, RNA, or serum markers. However, on
time-domain analysis of HRV, the SD of normal-to-normal
RR intervals (SDNN) and the coefficient of vanation of the
RR interval (CVRR) decreased significantly 30 and 60 days
after transplant (P=0.04 and 0.01, respectively). Similarly,
on frequency-domain analysis of HRV, low and high
frequency power (LF and HF) significantly and temporarily
decreased (P=0.003 and 0.03, respectively). Notably, in
one patient who had acute heat failure after transplantation,
the values of SDNN, CVRR, r-MSSD, LF, and HF at 30
and 60 days after transplantation were the lowest of all the
patients. In conclusion, this study suggests that (a) RIST is
well-tolerated in patients with cardiac dysfunction, but we
cannot expect improvement in cardiac dysfunction due to
causes other than hemochromatosis; and (b) monitoring
HRV may be useful in predicting cardiac events after RIST.

Keywords Cardiac dysfunction - Heart rate vaniability -

Reduced intensity allogeneic stem-cell transplantation -
Acute heart failure

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is recognized as a curative treatment for hemato-

4€) Springer

45

50
51




52
53
54
55

56

AUTHORS-PROOF?

Ann Hematol

logic malignancy. However, myeloablative regimens are
difficult to administer in elderly or ill patients because of
increased transplantation-related toxicity. Therefore, re-
duced-intensity conditioning regimens for allo-HSCT have
been developed for these vulnerable patients, who are
ineligible for myeloablative conditioning. There are, howev-
er, no reports that describe whether reduced-intensity
allogeneic stem-cell transplantation (RIST) is sufficiently
well tolerated in patients with single-organ comorbidity,
including cardiac, pulmonary, renal, or hepatic dysfunction.
Therefore, the safety of RIST for patients with impaired
organ function has not been sufficiently verified. Indeed, the
existence of pretransplant organ dysfunction can worsen the
prognosis after transplantation whether nonmyeloablative
conditioning or myeloablative conditioning is used [1, 2].
Furthermore, in RIST utilizing melphalan and fludarabine, a
high incidence of severe left ventricular failure (three of 21
patients; 14%) was reported [3]. This report casts doubt on
whether RIST is safe in patients with cardiac dysfunction.
In contrast, three recent reports have shown marked
improvement in cardiac function afier transplant in patients
with severe aplastic anemia (AA) and cardiomyopathy in
secondary hemochromatosis, despite the underlying mecha-
nism being unknown [4-6]. Conversely, the reversibility of
cardiac dysfunction due to causes other than hemochroma-
tosis has not been investigated. Hence, the primary objective
of this study was to evaluate how cardiac dysfunction due to
causes other than hemochromatosis changes after RIST,
Heart rate variability (HRV), which is generally recog-
nized as an index of sympathovagal balance and autonomic
cardiovascular control, has been investigated in various
diseases that precipitate sudden death. Recently accumulat-
ed evidence has shown that a decrease in RR interval
variability is strongly associated with sudden death and/or
cardiac events after a myocardial infarction [7-10]. Fur-
thermore, the usefulness of HRV as a clinical tool has been
explored in numerous other conditions such as congestive
heart failure, vasovagal syncope, hypertrophic cardiomyop-
athy, obstructive sleep apnea, diabetic neuropathy, and
various neurological conditions [11-16]. In this study, we
comprehensively analyzed the changes in cardiac function
after RIST, assessed by various methods including electro-
cardiography (ECG), echocardiography, radionuclide angi-
ography (RNA), natriuretic peptides and troponin T, and
autonomic nerve function on 24-h Holter ECG for HRV.

Materials and methods
Patients

We prospectively enrolled five consecutive patients with
pretransplant cardiac dysfunction from a group of 116

€) Springer

patients who had undergone allo-HSCT between September
2003 and August 2007 at our institute. In this study, the
patients who were eligible for this study were those who
had a left ventricular ejection fraction (LVEF) of under 50%
on pretransplant radionuclide angiography, had ever been
noted to have an LVEF of under 50% on echocardiography,
or had a history of heart failure prior to transplant. The
median age at transplantation was 42 years old (range 37-
55). Pretransplant LVEFs were less than 50% in two
patients, two patients had previously had an LVEF of under
50%, and the remaining patient had a history of hean
failure prior to transplantation and an LVEF of under 50%
at pretransplant assessment. No patient received mediastinal
radiation therapy before transplantation nor did any patient
have a history of hypertension, diabetes mellitus, and/or
ischemic heart disease. The median level of serum ferritin
prior to transplant was 189.6 ng/ml (range 58.3-1837.9),
and there were no patients who were diagnosed as having
cardiac hemochromatosis on echocardiography. We there-
fore strongly suspected anthracycline treatment as the cause
of cardiac dysfunction in all five patients. As in a previous
report [17], we calculated the cumulative anthracycline
dose using the following ratios: daunorubicin 0.5, pirar-
ubicin 0.8, mitoxantrone 3.4, idarubicin 1.6, and epirubicin
0.6, with cardiotoxicity of doxorubicin considered to be
1.0. These patients included three patients with non-
Hodgkin's lymphoma (intravascular lymphoma, mantle cell
lymphoma, and follicular lymphoma) who where refractory
to chemotherapy, one patient with acute myeloid leukemia
in her second complete remission (CR), and one patient
with acute lymphoblastic leukemia in his first CR (Table 1).
This study was approved by the Institutional Review Board.
The concept, procedure, and potential risks of the study
were explained, and written informed consent was obtained
from all enrolled patients.

Allogeneic HSCT

Three patients received allo-HSCT from HLA-identical
unrelated donors, and two patients from HLA-mismatched
cord blood (Table 1). HLA matching (HLA-A, -B, and -DR)
was determined by DNA genotyping in three unrelated BMTs,
and only serologic typing was performed for the two cord
blood transplants (CBT). Three patients received transplants
from donors with matched blood types, one patient received a
transplant with a major blood type mismaich, and one patient
received a transplant with a minor blood type mismatch.
Reduced-intensity conditioning was employed for all
five patients. Of the three patients from HLA-identical
unrelated donors, two patients received reduced-intensity
conditioning including fludarabine/oral busulfan (fludara-
bine 30 mg/m*/day, on days —7 to —2 and oral busulfan
4 mg/kg/day, on days —4 and -3), and the remaining patient
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Table 1 Patients characteristics

No. Sex Age Disease Discase Source HLA Mismaich aGVHD Eligibility Cumulative dose of
status (A, B, DR) prophylaxis anthracycline (mg/m®)
1 F 39 AML CR2 uBM Allele maich CsA +sMTX  LVEF 37% 250
2 F 37 WL Refl uBM Allele maich CsA +sMTX  LVEF 46%, 380
a history of AHF
3 F 55 FL Ref CB 2 Ag CsA alone a history of decreased 391.8
LVEF in 45%
4 M 42 ALL CRI1 uBM Allele maich CsA +sMTX  LVEF 48% 240
5 F 46 MCL Ref CB 2Ag CsA +sMTX  a history of decreased 150
LVEF in 39%
We calculated the lative dose of anthracycline as d bicin 0.5, pirarubicin 0.8, mitoxantrone 3.4, idarubicin 1.6, epirubicin 0.6, when the
i ity of the icity of d bicin was idered to be 1.0
IVL i lar B cell lymphoma, FL follicular lymphoma, MCL mantle cell lymphoma, Ref chemo-refractory, kBM unrelated bone marrow, Ag

antigen, C8 cord blood, Cs4 cyclosporing, sMTX short-term methotrexate, LVEF left ventricular gjection fraction

received fludarabine/intravenous busulfan (fludarabine
30 mg/m*/day, on days 9 to —4 and intravenous busulfan
1.6 mg/kg/day, on days —9 and —5). In contrast, the two
patients who underwent CBT had fludarabine/intravenous
busulfan/total body irradiation (fludarabine 30 mg/m°/day,
on days —9 to —4, intravenous busulfan 1.6 mg/kg/day, on
days -9 and -5, and total body irradiation 4 Gy divided
into two fractions/day, on days —3, =2, or —1).

As prophylaxis for acute graft-versus-host disease
(aGVHD), four patients received both cyclosporine A (CsA)
and short-term methotrexate (MTX), and one patient who
received cord blood was given CsA alone. Intravenous MTX
was administered on day 1 (10 mg/m?, and on days 3 and §
(7 mg/m®). The doses of CsA were adjusted to a target
trough level between 150 and 250 ng/ml until day 100,
except where disease progression or drug toxicity occurred,
and then tapered unless GVHD occurred aGVHD was
diagnosed clinically, graded according to standard criteria
and confirmed by appropriate biopsies. Chronic GVHD
(cGVHD) was also defined according to the standard criteria.
In CBT, pre-engrafiment immune reactions (PIR) were
defined according to the report of Kishi et al. [18].

The evaluation of cardiac and autonomic nerve function

We evaluated cardiac function with 12-lead electrocardio-
grams (ECG), echocardiography, radionuclide angiography
(RNA), serum markers, and autonomic nerve function with
heart rate variability assessed on 24-h ECG monitoring
(within the 100 days before transplant) and posttransplan-
tation [on days 30 (£4), 60 (£6), and 100 (£12)].

The |2-lead ECG

Twelve-lead ECG was performed at rest, and the QTc
interval was measured automatically using a novel record-

ing system (FDX-6521, Fukuda Denshi, Tokyo, Japan). In
brief, QT intervals were measured for 15 s at 25 mm/s. QTc
intervals were then calculated by correcting the QT interval
using the Bazett formula [19].

Echocardiography

Two-dimensional echocardiographic examinations were
performed using a Power Vision 6000 (Toshiba, Tokyo,
Japan). We assessed the following variables: (1) posterior
wall (PW) and interventricular septal wall (IVS) for
evaluation of left ventricular hypertrophy, (2) left ventric-
ular end-diastolic dimension (LVDd) and end-systolic
dimension (LVDs) for evaluation of left ventricular dilata-
tion, (3) early peak flow velocity/atrial peak flow velocity
(E/A) and deceleration time (DcT) for evaluation of left
ventricular diastolic function. During the examination, the
gain setting was optimized to a level just below background
noise, and the transducer frequency was set to 2.5 or
3.5 MHz

RNA

Radionuclide angiography was performed with the gated-
equilibrium technique. Blood cells were targeted with
99 mTc-pertechnetate, facilitated by pyrophosphate and
injected intravenously. ECG-gated gamma camera scanning
was performed using a VertexPlus (ADAC /Philips, CA,
USA) from two directions; the left anterior oblique and
anterior views were obtained in order to image the left
ventricle separately from the right ventricle, and the left
atrium and 64 = 64 matrix was used. Acquisition time was
180 s, and ECG-gated images were acquired with 20 frames
per cardiac cycle. LVEF and peak-filling rate (PFR) were
calculated as parameters of left ventricular systolic and
diastolic function.
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Serum markers (natriuretic peptide measurement)

We employed human atrial natriuretic peptide (hANP) and
brain natriuretic peptide (BNP) as parameters of cardiac
function. Blood samples for natriuretic peptide measurement
were drawn from the patients into chilled tubes containing
aprotinin and 1 mg of ethylenediamine tetraacetic acid
(EDTA)/ml. The tubes were immediately placed on ice and
centrifuged at 4°C, and the separated plasma was stored at
~80°C before assaying. According to the manufacturer’s
recommended protocol (SRL, Tokyo, Japan), hANP and
BNP were measured with a commercially available immu-
noradiometric assay. The normal values of hANP and BNP
are less than or equal to 40 and 20 pg/ml, respectively.

Heart rate variability

Data obtained from the 24-h ambulatory ECG recordings
were analyzed with RR data analysis software (MemCalc/
CHIRAM version |, Suwa Trust. Tokyo, Japan). We
employed markers including the coefficient of variance of
the RR interval (CVRR), the SD of the NN interval (SDNN),
and the squares of the differences between adjacent normal-
to-normal RR intervals (r-MSSD) in time domain analysis
and the low-frequency (LF) area, high-frequency (HF) area,
and LF/HF ratio in frequency domain analysis.

Other parameters

In addition, we evaluated parameters that possibly influence
HRYV, such as systolic and diastohic blood pressure, heart
rate, body temperature, CsA trough, and hemoglobin to
assess which parameters affected HRV in this study. For
analysis, we used the averaged values of each parameter on
the three preceding days that were closest to the day when
the HRV evaluations were conducted.

The diagnosis of acute heart failure

Clinical criteria for acute heart failure were established by
referring to those used in the Framingham study [20]. We
diagnosed acute heart failure when a minimum of two
major criteria or when one major and two minor critenia
were present concurrently. Major cniteria included orthop-
nea, pulmonary congestion, pulmonary rales, a gallop
rhythm, and jugular venous distention. Minor criteria
included tachycardia (rate>120/min), shoriness of breath,
ankle edema, and hepatomegaly.

Statistical analysis

The Friedman test was used for detecting changes pre- and
posttransplantation (30, 60, and 100 days after transplant)

) Springer

in all serum markers, parameters on echocardiography,
RNA, ECG and HRV, systolic and diastolic blood pressure,
heart rate, body temperature, CsA trough level, hemoglo-
bin. and C-reactive protein. All P values were two-sided,
and a significance level of 0.05 was used.

Results

Table | shows the five patients’ characteristics. The median
follow-up time was 324 days (range 127-1517). Engrafi-
ment was achieved in all five patients (neutrophil engraft-
ment occurred in the three patients with unrelated BMT 13,
17, and 21 days after transplantation; in the two patients
with CBT, it occurred 27 and 31 days afler transplant,
respectively). No patient died within 100 days of the
transplant, although in one patient (no. 2), the disease
relapsed within 100 days, as she had disease recurrence in
the central nervous system at day 42. In this case, therefore,
CsA was tapered and stopped by day 60. Although salvage
chemotherapy and donor lymphocyte infusion were per-
formed on days 65 and 76, respectively, she died from
disease progression on day 127 (Table 2). An angiotensin-
receptor antagonist was administered from before trans-
plantation in one patient (no. 5), but angiotensin-converting
enzyme (ACE) inhibitors, beta-blockers, and diuretics were
not administered before transplantation in any patient.

Of the five patients, none developed acute heart failure
early after the conditioning chemotherapy. Pre-engraftment
immune reactions (PIR) occurred in the two patients who
had CBT, on days & and 13, but neither developed acute
heart failure during the period of evaluation (Table 2).
Three patients had aGVHD (grades [, III, and IV,
respectively). The two patients with grade III and 1V
aGVHD were given high-dose steroids. Diuretics were
appropriately given to patients with body weight gain
during PIR or aGVHD. Three patients had sepsis, two cases
of which were severe. One patient (no. 3) expenenced
prolonged MRSA sepsis and another patient (no. 4)
experienced septic shock due to catheter infection. Two
patients died from disease progression. One patient (no. 4)
developed acute heart failure that might partly have been
caused by pneumonia and drug-induced acute renal failure
147 days after transplantation. In this patient, acute
progressive dyspnea, bilateral pleural effusions, cardiome-
galy, and leg edema appeared soon after pneumonia and
drug-induced acute remal failure. We diagnosed her as
having acute heart failure (New York Heart Association
functional class [V) and performed endotracheal intubation,
administered catecholamines and diuretics, and discontin-
ued or reduced the dose of drugs thought to be nephrotoxic.
Thereafter, she recovered rapidly, and she was extubated
156 days posttransplant.
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Table 2 Outcomes

No. Neutrophil aGVHD aGVHD Severe infection AHF Outcome
engrafiment (Cuuse of death)
1 Day 21 Lammit Alive 1,517+
2 Day 17 NA Dead 127 (relapse)
3 Day 31 IV (day 13, Extensive Prolonged MRSA +Day 147 Alive 461+
skin and gut) sepsis =2 months from day 56
4 Day 13 Il (day 29, gut) Limit Septic shock at day 61 Alive 324+
% Day 27 I (day 49, gut) Limit Dead 170 (relapse)

aGVHD scute graft-versus host disease, ¢cGFHD chronic grafi-versus-host disease, AHF acute heant failure after transplantation, MRSA

methicillin-resistant Staphylococcus aureuns

Table 3 shows the posttransplantation changes in cardiac
parameters in all five patients. All parameters for RNA,
echocardiography, natriuretic peptides, and ECG showed no
significant changes at any of the evaluation points. On the
other hand, some parameters in the analysis of HRV
changed significantly (Fig. 1). SDNN and CVRR signifi-
cantly decreased at 30 to 60 days after transplantation and
then recovered (P=0.04 and 0.01, respectively). Moreover,
LF and HF also temporarily decreased (P=0.003 and 0.03,
respectively). In particular, the patients with acute heart
failure had the lowest values of SDNN, CVRR. r-MSSD,
LF, and HF at 30 to 60 days after transplant (Fig. 1, dashed
line). LF/HF did not change significantly.

Table 4 shows changes in the parameters that might
possibly have influenced HRV, including systolic and
diastolic blood pressure, heart rate, body temperature,
CsA trough levels, and hemoglobin. On analysis, diastolic
blood pressure and body temperature showed a statistically
significant change (P=0.03 and 0.04, respectively).

Table 3 Posttransplant changes of cardiac paramelers

Discussion

In this study, we observed no significant improvement of
impaired cardiac function, but in contrast, we did detect a
temporary, marked decrease in HRV soon after SCT.

As mentioned earlier, there have been three Japanese
reporis of the use of RIST for severe AA in patients with
impaired cardiac function [4-6]. Before HSCT, LVEFs in
these three cases were 20-40%. In all three cases,
cardiomyopathy was caused by secondary hemochromato-
sis attributable to heavy transfusions. Although the mech-
anism was not clarified, LVEFs in all three cases
dramatically recovered to a normal level, a few months to
years after transplant. In one case, prompt improvement in
cardiac function was seen with persistent iron deposition
and without normalization of hemoglobin level [4]. These
reports demonstrate that cardiomyopathy is reversible in
patients with secondary hemochromatosis and severe AA. It
is therefore interesting to determine whether cardiac

Baseline Day 30 Day 60 Day 100 P
Radionuchide ventriculography
LVEF (%) 48 (37-64) 51 (41-59) 45 (38-55) 47 (39-58) 0.39
PFR (EDV/s) 2.0(1.3-3.1) 1.8 (1.6-3.2) 1.5(1.2-3.2) 1.9 (1.3-2.7) 0.56
Echocardiography
IVS (mm) 7.7 (6.8-9.3) 10.0 (8.0-11.0) 8.9(7.7-12.8) 8.6 (6.8-10.7) 0.08
PW (mm) 9.6 (8.3-11.2) 10.7 (8.0-11.8) 10.7 (9.5-12.2) 10.8 (8.0-13.2) 0,42
LVDd (mm) 45 (37-58) 44 (40-56) 47 (32-53) 46 (37-54) 042
LVDs (mm) 34 (28-44) 34 (27-42) 35 (24-43) 33 (31-42) 0.90
E/A 0.91 (0.72-1.17) 1.24 (0.84-2.24) 1.10 (0.85-2.08) 0.87 (0.55-1.15) 0.83
DeT (ms) 185.5 (160-220) 196 (124-212) 234 (96-296) 186 (172-296) 0.62
Natnuretic peptides
hANP (ng/ml) 15 (12-40) 25 (12-119) 35 (10-98) 29 (10-66) 0.80
BNP (ng/ml) 36 (5-100) 68 (5-183) 21 (9-180) 35 (2-10T) 0.61
Electrocardiography
QTe (ms) 435 (422-490) 427 (408-478) 422 (408-457T) 415 (405-421) 0.14

LVEF left ventricular ejection fraction, PFR peak filling ate, /IS intraventricular septal wall, PW posterior wall, LVDd left ventricular end-
disstolic dimension, L¥Ds left ventricular end-systolic dimension, E/4 early peak flow velocity/atrial peak flow velocity, DcT deceleration time,

hANP human atrial natriuretic peptide, SNFP brain natriuretic peptide
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transplantation. SDONN the standard deviation of all normal beats, r-
MSSD the square root of the mean of the sum of squared differences

analysis significantly and temporanly decreased 30 days afier

dysfunction caused by other etiologies such as chemother-
apy can similarly be restored. However, no significant
improvement was observed in any patient in this study,
suggesting that it is likely that the reversibility of cardiac
function depends on the etiology of the cardiac dysfunction.

In all five patients, there were no significant changes in
cardiac parameters such as left ventricular systolic and
diastolic function on echocardiography and RNA, serum
troponin T (data not shown), BNP and hANP, and QTc on
ECG, throughout the monitoring period. One patient had
acute heart failure after the completion of all assessments,

4] Springer

dj normal-to-normal intervals, HF high frequency
power, LF low frequency power

but she recovered with appropriate monitoring and therapy.
These results suggest that RIST is relatively well-tolerated
in patients with cardiac dysfunction, provided management
is adequate.

To prevent the development of acute heart failure in
patients with impaired left ventricular function present
before transplantation, we need to pay attention to the
following points: (1) careful control of fluid intake and
output by monitoring body weight and urine output, or
checking for cardiomegaly and dilatation of the vena cava on
chest X-ray and echocardiography; (2) careful monitoring of
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Table 4 P plant changes of possible p s* influencing HRV
Baseline Day 30 Day 60 Day 100 P

Systolic blood pressure (mmHg) 101 (97-117) 116 (92-137) 109 (91-136) 111 (97-118) 035
Diastolic blood pressure (mmHg) 60 (57-64) 76 (62-87) 68 (67-84) 69 (68-74) 0.03
Heart rate (/min) 79 (76-93) 89 (76-120) 85 (72-109) 86 (84-88) 0.08
Body temperature (°C) 36.5 (36.2-36.8) 37.2 (36.8-382) 36.8 (36.7-38.1) 37.2 (37-31.5) 0.04
CsA trough (ng/ml) 0 227 (193-277) 237 (0-328) 160 (0-378) 0.07
Hemaoglobin (g/dl) 8.8 (8.3-14.3) 9.9 (7.7-142) 9.4 (8-12.1) 10.2 (7.9-10.9) 0.55
C-reactive protein (mg/dl) 0.1 (0.01-021) 0.2 (0.1-2.34) 0.12 (0.1-1.99) 0.25 (0.03-2.38) 023

Cxd cyclosporine

* Each data is the five patients” median value of the 3 days average data on or about the day HRV went

decline in kidney function due to renal toxicity caused by
calcineurin inhibitors, antibiotics, antifungal drugs, or anti-
viral drugs and prompt adjustment of the dose of these drugs;
and (3) transfusing at a slower rate than usual.

One study reported that prophylactic treatment with the
ACE inhibitor enalapril not only prevented deterioration in
left ventricular dysfunction prior to transplant, but also
brought about an increase in LVEF in all patients [21].
Another study also demonstrated that early treatment with
enalapril might prevent late cardiotoxicity due to high-dose
chemotherapy in a randomized trial in 114 high-risk
patients, identified by an increased troponin 1 value [22].
In our study, instead of receiving an ACE inhibitor, one
patient (no. 5) started to receive an angiotensin receptor
blocker before transplantation; she had no cardiae dysfunc-
tion after transplantation. Although the effectiveness of
ACE inhibitors or angiotensin receptor blockers has not
been sufficiently validated for preventing cardiac events in
patients with pretransplant cardiac dysfunction, it may be
useful to consider prophylactic administration of an ACE
inhibitor or angiotensin receptor blocker.

In this case series, almost all patients had a temporary
decrease in HRV posttransplant, and the patient with acute
heart failure had an especially marked decrease prior to the
onset of acute heart failure (Fig. 1, dashed line). Previous
studies have reported a correlation between HRV and
proinflammatory cytokines [23, 24], CsA [25], blood
pressure [26], heart rate [27], anemia [28], and C-reactive
protein [29, 30] as possible factors that influence changes in
HRYV afier transplantation. In fact, the significant elevation
of body temperature and diastolic blood pressure might
have influenced the decrease in HRV. On time-domain
analysis of HRV, a number of authors have identified a
decreased SDNN value as a univariate risk factor for all-
cause mortality, expressed as a dichotomized variable in the
patients with chronic heart failure [31]. This review notes
that an SDNN value of less than 44 ms was determined
statistically to be the optimum cutoff point [32], and the
value of 44 ms is similar to the value of <50 ms that best
predicts mortality in myocardial infarction patients [7]. The
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predictive value of SDNN can be explained by the
speculation that a reduction in the SDNN reflects the
summed influence of abnormalities in sympathetic, para-
sympathetic and rennin-angiotensin activities, abnormal
chemoreceptor finction, changes in respiratory pattern, and
physical inactivity in congestive heart failure [33].

Conversely, among the indicators used in frequency-
domain analysis of HRV, a reduced LF value is reportedly
highly predictive of sudden cardiac death in chronic heart
failure [31]. Despite high levels of sympathetic activation,
decreases in the LF value were often observed in patients
with chronic heart failure, which may be secondary to
abnormalities in central autonomic regulation and impair-
ment of beta adrenergic receptor sensitivity [33]. Further-
more, @ reduced LF value was reported as a marker of
sympathetic overactivity, and it was concluded that a
reduced short-term LF value during controlled breathing
(<13 ms’) is a powerful predictor of sudden death in
patients with chronic heart failure [34]. In our case with
acute heat failure, the LF value as well as the SDNN value
temporarily but dramatically decreased to less than 44 ms
and 13 ms?, respectively, before the occurrence of acute
heat failure, indicating that decreases in SDNN and/or LF
values might be associated with the development of acute
heat failure after transplantation. HF and r-MSSD are
genenally considered to be predominantly determined by
the parasympathetic nervous system. In a rat study, it was
reported that CsA induced a decrease in SDNN and r-
MSSD values [25]. Therefore, in our study, CsA treatment
after transplantation might play a role in the significant
decrease in the HF value and the mild decrease in r-MSSD,
by its suppression of parasympathetic activity.

This study has the following limitations: (1) the
population is small and from a single institution; (2) lack
of clarity about the causes for the decrease in HRV; and (3)
we do not know the lower limit of cardiac function in
patients still eligible for RIST. However, to our knowledge,
there has been no prior report of comprehensive analyses of
cardiac and autonomic nervous system function in patients
with impaired cardiac function who underwent allo-HSCT.
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In conclusion, RIST is relatively well tolerated in
patients with pretransplant cardiac dysfunction, but appar-
ent improvement of cardiac function cannot be expected
except in cardiomyopathy induced by secondary hemo-
chromatosis. We could not determine whether changes in
autonomic function are associated with the development of
cardiac events after transplant. Additional studies of a larger
cohort are therefore required to confirm the usefulness of
HRYV for prediction of cardiac events after transplantation.
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Long-term survival after HLA-haploidentical SCT from noninherited
maternal antigen-mismatched family donors: impact of chronic GVHD

Bone Marrow Transplantation advance online publication,
16 February 2009; doi:10.1038/bmt.2009.18

Allo-SCT from an HLA-haploidentical family donor has
been the treatment of choice in patients with high-risk
hematologic malignancies, who are expected to have a
better prognosis with SCT but lack immediate access to
a conventional stem cell source.'* With intent to minimize
the risk of severe GVHD, most haploidentical SCT
protocols employ ex vive or in vivo T-cell depletion, albeit
at the expense of an increased risk of infection or relapse as
a result of poor post-transplant immune reconstitution. To
develop an alternative strategy to perform haploidentical
SCT that confers improved immune recovery and accep-
table risk of GVHD, we have explored the feasibility of
T-cell-replete SCT from family donors mismatched for
noninherited maternal HLA antigens (NIMA); NIMA-
mismatched donor selection is based on the hypothesis that
the detection of long-term maternal or fetal microchimer-
ism in the donor’s peripheral circulation is associated with
immunological hyporesponsiveness against NIMA (in the
case of NIMA mismatch in the graft-vs-host direction) or
against inherited paternal HLA antigens (IPA) (in the case
of NIMA mismatch in the host-vs-graft direction).’
According to this scenario, we and other groups showed
that T-cell-replete HLA-haploidentical SCT from a NIMA-
mismatched family donor is feasible in selected patients
with poor-risk hematologic malignancies.>* However, late
complications and long-term outcomes in patients under-
going such transplantations have been so far largely
unknown. Therefore, we retrospectively studied the severity
of chronic GVHD, requirement for immunosupressive
treatment, and status of primary disease in long-term
survivors who received T-cell-replete NIMA-mismatched
haploidentical SCT.

We collected data on 16 consecutive patients who had
survived more than 3 years after NIMA-mismatched SCT
performed between January 2001 and July 2004 at 11
institutions that participated in our previous nationwide
study (Table 1).* At the time of SCT, they had a median age
of 19 years (range, 2-56) and received BM (n=35) or
G-CSF-mobilized peripheral blood (n=11) as treatment
for acute myeloid leukemia (n=6), acute lymphoblastic
leukemia (n=3), chronic myeloid leukemia (n=4) and
other B-cell neoplasms (n=3); 6 patients had a chemo-
sensitive disease and 10 had a refractory disease. Early
outcomes of 14 of these transplantations have been
described elsewhere.>* All patients received tacrolimus-
based GVHD prophylaxis after myeloablative (n=10) or

reduced-intensity conditioning (n=6). The type of donor
was NIMA-mismatched sibling in 9 cases, mother in 6 and
daughter in 1; all patient-donor pairs had two or three
serologic mismatches at HLA-A, HLA-B and HLA-DR
antigens in the graft-versus-host direction. The presence of
long-term maternal or fetal microchimerism was detected in
all donors through NIMA- or IPA-specific nested PCR as
described earlier.” Karnofsky score was employed to record
the performance status for patients who were 16 years or
older, whereas Lansky score was applied for those who
were younger than 16 years of age. Organ-specific
symptoms related to chronic GVHD and their severity
were diagnosed and evaluated by consensus criteria
proposed by the National Institutes of Health Chronic
GVHD Diagnosis and Staging Working Group.®

At a median follow-up of 56 months (range, 38—74) 13
(81%) of 16 patients were alive and free of their primary
disease. Onc patient was alive with relapsed disease, and
two died from pulmonary complications at 51 and 52
months after transplantation in continuous remission.
Fifteen (94%) patients developed classical chronic GVHD;
type of onset was de movo in five, quiescent in six and
progressive in four, According to the National Institutes of
Health Clinical Scoring Systems the affected organs scored
two or greater, which included lungs (n=>5), skin (n=4),
eyes (n=3), liver (n=13) and joints/fascia (n=2) (Table 2).
Overall seventy of chronic GVHD among these patients
was classified as mild in three (20%) cases, moderate in
seven (47%) and severe in five (33%). It is noted that
immunosuppressive agents were successfully withdrawn
from eight (50%) patients with de novo or quiescent onset
of disease at a median of 19 months (range, 3-46) after
transplantation, although two of four patients who
experienced severe chronic GVHD (score 3) of lung
eventually succumbed to bronchiolitis obliterans. Karnofsky
or Lansky performance score at the time of last follow-up
among the 14 surviving patients was 100% in 6 (43%), 80—
90% in 5 (36%), 70% in 2 (14%) and less than 70%
in 1 (7%).

In the present study, we found that substantial propor-
tion of long-term survivors after NIMA-mismatched
haplmdenncnl SCT could discontinue administration of
immunosuppressive agents despite the frequent occurrence
of moderate-to-severe chronic GVHD. This paradoxical
observation contrasts sharply with the conventional
assumption that the establishment of robust tolerance
across multiple HLA disparities is hardly possible in
the setting of marrow or peripheral blood SCTs
without employing T-cell depletion. However, clinical
significance of NIMA-mismatched donor selection has
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Table 1 Characteristics of long-term survivors after NIMA.
mismatched haploidentical SCT

Median age at transplant, years (range) 19 (2-56)
Sex

Male 10

Female B
Diagnosis

Acute leukemia® 9

Chronic myeloid leukemia 4

Diffuse large B-cell lymphoma 1

Plasma cell mycloma 2
Disease status

CR or chronic phase 6

Chemorefractory or blastic phase 10
Danor type

NIMA-mismatched sibling 9

Mother 6

Daughter I
No. of mi hed HLA antigens®

Two antigens 10

Three antigens 6
Stem cell source

5

Peripheral blood 1
Conditioning

Myeloablative 10

Reduced-intensity 6
GVHD prophylaxis

Tacrolimus alone 1

Tacrolimus + MTX 13

Tacrolimus + MTX + corticosteroids 2
Acute GVHD

None or grade | 9

Grade 2 6

Grade 3 1
*Ome patient had ‘,m,"""“,’ll‘lﬂ

for acute lymph

*The ber of ] h at HLA-A, HLA-B and HLA-DR

lnnmmmmﬁmhmwwm

been controversial because the mechanisms underlying the
tolerogenic effect against NIMA or IPA have not been fully
elucidated.” Using murine BM transplant models, Matsuo-
ka et al* showed that transplant from donors exposed 1o
NIMA in wtero, but not from those exposed to IPA,
reduced the morbidity and mortality associated
with GVHD in an antigen-specific and a CD4*CD25*
T cells-dependent manner. In contrast, Opiela er al®
showed that murine nconates exposed to low levels of
NIMA can develop vigorous in vive cytotoxic rather than
tolerogenic responses against NIMA, which might explain
the inconsistent severity of GVHD after NIMA-mis-
matched SCTs in humans. Intriguingly, Stern et al'®
recently reported that recipients of T cell-depleted haplo-
identical SCT using mother as the donor had the better
overall survival than those using father as the donor,
implying a mechanism by which previous exposure to
paternally derived antigens in maternal donors would
positively affect transplant outcomes.

In conclusion, our observations in this study suggested
that long-term survival without continuous immuno-
suppressive treatment is possible after T-cell-replete
HLA-haploidentical SCT from a microchimeric NIMA-
mismatched donor. Although the small number of patients
limits the interpretation of our results, further studies are
warranted to compare late sequelae after HLA-haploiden-
tical SCTs with various protocols in larger cohorts.
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Tahile 2 Clinical scoring of organ-specific symptoms related to chronic GVHD in long-term survivors afler NIMA-mismatched haploidentical
transplantation®

Involved organ site* No. of evaluahle patients Seore 0 Score | Seore 2 Seore 3
PS 14 6 (43%) 7 (50%) 1 (7%) 0
Skin 16 5 (31%) 7 (44%) 2 (13%) 2 (13%)
Mouth 16 11 (69%) 5(31%) 0 0
Eyes 16 10 (63%) 3 (19%) 3(19%) 0

Gl tract 16 14 (88%) 2 (13%) ] 0
Liver 16 10 (63%) 3 (19%) 3 (19%) 0
Lungs 16 9 (56%) 2 (13%) 1(6%) 4 (25%)
Joints and fascia 16 12 (75%) 2(13%) 2(13%) 0
Abb i Gl=ga I; PS = perfi status.

*Scoring way based on the worst symp d with chronic GYHD,

'Smplmmuhh;fmkmmmmmrepom
Two p d to pul y comphcations were excluded.
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