TABLE |. Characteristics of the Patients

CsAS00 group CsA300 group

(n = 33) (n=33) Pvalue
Sex
Male 20 26 018
Female 13 7
Age
<40 16 17 -0.00
=40 17 16
Unaderlying disease
AL 24 13 om7T
CML 2 12
MDS 2 1
NHL 3 -]
Others 2 1
Donor
Aelated 12 16 0.46
Unrelated 21 7
HLA
Malch 28 25 0.54
Mismatch & a8
Stem cell source
BM 25 26 =099
PB B 7
Regimen
Non-TBI 4 ] o
T8I 29 24
MTX dose
<3Img/m’ 16 i1 032
>31mg/m* 17 22
BM, bone marrow, PB, peripheral blood; TBI, total body iradiation; AL,

acute | CML, chronic myel

) ; MDS, myelody
plastic syndrome, NHL, non-Hodgkin's lymphoma.

89, 475 + 41, and 482 + 69 ng/ml at the 1st, 2nd, and 3rd
week after HSCT, respectively (Fig. 1A). The actual dose
was 2.9 = 0.4, 2.8 = 0.8, and 2.7 = 0.7 mg/kg at the 1si,
2nd, and 3rd week after HSCT, respectively (Fig. 1B). The

median duration of Intravenous cyclosporine was 41 days
(range 16-74 days) after transplantation.

Toxicity

The incidence of renal dyslunction defined as elevation of
the serum creatinine level above x1.5 and x2.0 the baseline
value was equivalent between the CsA500 group and the
CsA300 group (Table Il, 24 vs. 24%, P = 0.96 and 15 vs.
13%, P = 0.71, respectively). Liver dysfunction defined as
elevation of the total bilirubin level above 2 mg/dl was also
similar (30 vs. 24%, P = 0.78). Thrombotic microangiopathy
was not observed in any patients. No central nerves system
toxicities were observed. In the CsA500 group, we decreased
the target level of CsA to 300 ng/ml due to hyperbilirubinemia
9 days after HSCT in one patient and substituted predniso-
lane for CsA in another patient due to hyperbilirubinemia and
renal dystunction at day 21 after HSCT. The latter patient had
already had liver cirrhosis classified to Child-Pugh A due to
hepatitis C virus infection before HSCT

Incidences of acute and chronic GVHD

We performed a univariate analysis 1o evaluate the impact
of potential confounding factors on the incidence of grades
IV acute GVHD and identified two significant factors; the
presence of HLA-mismatch including allele-mismatch and
the target level of CsA (Table IlIA), As shown in Fig. 2A, the
incidence ol grades |-V acute GVHD in the CsA300 group
was significantly higher than that in the CsA500 group (52
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Figure 1. Actual blood concentration (A} and daily dose (B)

of cyclosporine. The mean CsA concentration was 488 = 89,
475 = 41, and 482 = 69 ng/ml and the actual dose was 2.9 = 0.4,
2.82£0.8, and 2.7 £ 0.7 mg/kg at the 151, 2nd, and 3rd week after
HSCT, respectively.

TABLE Il. Incidences of Adverse Events Due to Cyclosporine

{(—) {+) P-value
Incidence of serum creatinine > 1.5 x baseline value
CsAS00 25 B (24%) >0.99
CsA300 25 8 (24%)
Incids of serum c > 2.0 x baselne value
CsAS500 28 5 (15%) o7
CsA300 30 3 (13%)
Incidence of bilirubin = 2.0 mg/dl
CsAS500 23 10 (30%) 0.78
CsA300 25 . (24%)
Incidgence af TMA
CsAS500 33 0 (0%) =0.99
CsA300 a3 o (0%%)

TMA: thromobtic microangopathy.

vs. 27%, P = 0.033). Corticosteroids therapy for acute
GVHD was more frequently required in the CsA300 group
(39 vs. 15%, P = 0.051). The percentage of patients who
received corlicosteroids o treat GVHD was lower than the
incidence of grades |I-IV acute GVHD, because we did not
use systemic corticosteroids lor grades Il acute GVHD with
skin involvement only. The difference in the incidence of
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TABLE lil. Factors A iated the |

1=V Acute GVHD and Nonrelapse Mortality

A Univarnate analyses

Factor Acute GVHD P-value Nonrelapse mortality P-value

Sex
Male 20 (44%) 0.31 12 (30%) 0.020
Female 6 (30%) 0 (0%)

Age
<40 years 15 (46%) 0.30 4 (14%) o.21
=40 years 11 (33%) 8 (30%)

Underlying disease
CML 7 (50%) 0.25 2 (14%) 0.49
Non-CML 18 (37%) 10 (25%)

Daonor
Related 11 (39%) 0.97 B (36%) 0.052
Unrelated 15 (40%) 4 (13%)

HLA
Match 17 (32%) 0.0037 10 (23%) 0.78
Mismalch 9 (69%) 2 (18%)

Stem cell source
BM 19 (37%) 0.46 9 (21%) 0.68
PBSC T (47%) 3 (24%)

Regimen
Nan-TBI 4 (31%) 0.56 5 (48%) 0.035
TBI 22 (42%) 7(15%)

MTX dose
<31mgim* 12 (44%) 0.32 7 (19%) 0.87
>3imgim® 14 (36%) 5 (24%)

Target levels of CsA
CsA500 9 (27%) 0.033 2 (8%) 0,051
CsA300 17 (52%) 10 (27%)

B. Multivariate analyses

Factor AR of acute GVHD P-value AR of nonrelapse mortality P-value

Targel levels of CsA
CsA300 1.00 0.039 1.00 0.064
CsA500 0.43 (0.19-0.96) 0.24 (0.053-1.,08)

HLA
Maich 1.00 0.0062
Mismatch 3.14 (1.38-7.14)

grades |-V acute GVHD between the two groups was more
prominent in unrelated HSCT (Fig. 2B, 44 vs. 33% in related
HSCT and 59 vs. 24% in unrelated HSCT),

Next, we performed a multivariate analysis to identify in-
dependent risk factors for the development of Grades 11—V
acute GVHD. Two factors were independently significant
with a relative risk (RR) of 3.14 (95% confidence interval
[CI] 1.39-7.14, P = 0.0062) for the presence of HLA-mis-
match and RR of 0.43 (95% CI 0.19-0.96, P = 0.039) for
the CsAS500 group, respeclively (Table IIB). The cumulative
incidence of Grades IlI, IV acute GVHD was only 11%. The
target level of cyclosporine (CsA500 vs. CsA300: 3 vs
18%, P = 0.045) was identified as the only significant risk
factor for the development of Grades I, IV acute GVHD.

The number of patients who developed limited and exten-
sive chronic GVHD was 5 and 18, respeclively, in the
CsA300 group and 4 and 11, respectively, in the CsA500
group. The incidence of chronic GVHD was also signifi-
cantly decreased in the CsAS00 group (Table IV and Fig. 3,
47 vs. 73%, P = 0.016)

Transplantation outcome
The lower incidence of acute GVHD in the CsA500 group
translated into the lower incidence nonrelapse mortality (Ta-
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ble 1ll, 8 vs, 27%, P = 0.051). On the other hand, the inci-
dence of relapse tended 1o be higher in the CsAS00 group
(Table V, 20 vs. 6%, P = 0.065), although this difference
became smaller when we excluded patients with CML (19
vs. 10%, P = 0.29). Finally, there was no significant differ-
ence in disease-free survival between the CsA500 group
and the CsA300 group (Fig. 4, 72 vs. 63%, P = 0.68).

Discussion

We successfully maintained the blood CsA concentration
at around 500 ng/ml and the actual dose at around 3 mg/
ka/day by twice a week monitoring for the first 3 weeks al-
ter transplantation. The preliminary data in these 33
patients suggested the feasibility and efficacy of the contin-
uous infusion of CsA at this higher target level.

Several studies have reporled the relationship between
the blood concentration of CsA and the efficacy to prevent
GVHD alter allogeneic HSCT [2-5]. Especially, the area
under the concentration-time curve (AUC) has been
believed to be the most important pharmacokinetic parame-
ter for the efficacy of calcineurin inhibitors [8,9]. The mani-
toring of AUC, however, requires frequent blood sampling
and is not suitable for dally practice. Therefore, the trough
concentration (Cy.) has been measured as a surrogate for
ALC in twice-daily infusion of CsA, although recent reports
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Figure 2. Incidence of Grades |l-IV acute GVHD grouped
according to the target level of cyclosporine. (A) all patients,
(B) stratified by the donor type.

suggested thal the measurement of blood concentration
at 2-4 hr after infusion may be more appropriate [10]. In
continuous infusion, the intradaily variation of the blood
concentration of CsA should be minimal and we can evalu-
ate the blood concentration regardless of the timing
(steady-state concentration; Csg). However, the relationship
between Css in continuous infusion and Cy, in twice-daily
infusion has not been clarified. Recently, Nakamura et al.
reported that the target Css in the continuous infusion of
CsA should be 2.55 times the Cy to provide an equal AUC
during the twice-daily infusion with a target Cy, [11]. There-
fore, for example, the target Css in the continuous infusion
of CsA should be 383-638 ng/ml 1o obtain a similar AUC
during the twice-daily infusion with a target Cr, at 150-250
ng/ml, that is generally used in daily practice. However, the
target blood concentration between 250 and 350 ng/ml is
widely used in the continuous infusion of CsA [4]. The
expected AUC will be far lower than that during the twice-
daily infusion of CsA al the generally used target level. The
target Cgg in this study at 500 ng/ml (450-550 ng/mi)
would be appropriate according to the calculation model In
fact, the actual dose of CsA was maintained at 2.7 and 3.0
ma/kg on average. We had a concern that the incidence of
renal dysfunction would be increased, since the relationship
between the blood CsA level and drug-induced nephrotoxic-
ity has been shown [12]. The incidence of renal dysfunc-
tion, however, was not increased by the dose adjustment
and appropriate hydration when CsA levels above the tar-
get range were observed.
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Factor Chronic GVHD Povalue
Sex
Male 24 (67%) 0.63
Female 10 (56%)
Age
<40 yoars 16 (BO%) 0.31
=40 years 18 (70%)
Underlying dissase
CML 10 (77%) 0.12
Non-CML 24 (B0%)
Donor
Related 14 (63%) 0.75
Unrelated 20 (66%)
HLA
Maich 28 (64%) 0.74
Mismatch 6 (58%)
Stem cell source
BM 25 (60%) 0.20
PBSC 9 (81%)
Regimen
Non-TBI 27 (64%) 0.75
T8I 7 (65%)
MTX dose
<3mg/m’ 15 (64%) 0.81
>31mg/m” 19 (68%)
Target levels of CsA
CsAS500 11 (47%) 0.016
CsA300 23 (73%)
B. Multivariate analyses
Factor RA Pvalue
Target levels of CsA
CsA300 1.00 0.014
CsA500 0.44 (0.23-0.85)
1 u 1
2 oa CsAID]
i o6
B
: ooa CsAS00
£
4
£ 21
004 : . - T —
] 200 400 600 BOD gas 1000

Figure 3. Incidence of chronic GVHD grouped according to
the target level of cyclosporine.

Previous randomized control studies that compared con-
tinuous infusion of CsA and tacrolimus as GVHD prophy-
laxis had showed the superiority of tacrolimus to prevent
acute GVHD [13-16]. However, these studies employed the
lower target level of CsA between 150 and 400 ng/ml.
Yanada el al, have also reported that tacrolimus-based reg-
imen was better than cyclosporine-based regimen to pre-
vent GVHD in unrelated bone marrow (BM) transplantation
In Japan [17]. However, it was a relrospective analysis

229




TABLE V. Factors A lated the Incid: of Relapse and DI Free Survival
A. Univariate analyses
Factor Relapse P-value Disease-free survival P.value
Sex
Male 5 (12%) 090 29 (58%) 0.054
Famale 2 (15%) 18 (85%)
<40 years 4 (16%) 072 25 (T1%) 035
240 years 3 (10%) 22 (60%)
Underlyng disease
cML 1 (7%) 0.51 11 (79%) 0.34
Non-CML 6 (15%) 36 (60%)
Donor
Related 1 (4%) 0.10 19 (60%) 053
Unrelated 6 (20%) 28 (67%)
HLA
Malch 6 (13%) 074 37 (63%) 0.64
Mismatch 1 (10%) 10 (72%)
Stem call source
BM 7 (16%) 0.15 35 (63%) 0.55
PBSC 0 (0%) 12 (76%)
Regimen
Non-TBI 0 (0%) 014 8 (51%) 041
T8I 7 (16%) 39 (69%)
MTX dose
<31 gm* 1 (4%) o.om 21 (77%) 0.19
=31 gim? 6 (21%) 26 (55%)
Targe! levels of CsA
CsAS500 5 (20%) 0.069 26 (72%) 0.68
CsA300 2 (6%) 21 (63%)
B. Multivanate analyses
Factor RA of relapse P-value AR of disease-lree survval P-value
Target levels of CsA
CsA300 1.00 0.065 1.00 0.68
CsA500 4,08 (0.92-18.1) 0.82 (0.32-2.12)
The incidence of grades II-IV acute GVHD in the
CsAS00 group in this study was suppressed to 24% in
unrelated HSCT including three HLA allele-mismatched
= transplants. This incidence was similar to that in the tacroli-
£ mus group of patients who underwent HSCT from an alter-
_5 CsA300 native donor (30 from an HLA-matched unrelated donor
£ and 4 from the other alternative donor) in a Japanese
¥, randomized controlled trial (21%) [13]. Adverse drug reac-
2 | tions were more frequently observed In the tacrolimus
| group than in the CsA group in this Japanese randomized
i trial [13], whereas the toxicities in the CsAS00 group were
| equivalent to those In the CsA300 group in the current
o study. Therefore, the continuous infusion of CsA with a tar-
pa T o o e ames s @et concentration at 500 ng/ml may provide similar efficacy
] of GVHD prophylaxis with less frequent toxicities compared
’ ! r to tacrolimus. Wingard et al. have reported that an impor-
Figure 4. Disease-free survival grouped according to the tar- .0 relationship ngbetwaen blood cgglzenlraiion of these

get level of cyclosporine.

using the database of the Japan Society for Hematopoietic
Cell Transplantation (JSHCT) and therefore the dose, target
blood level, and infusion schedule of both cyclosporine and
tacrolimus were various. Especially, the target level of CsA
is generally low in the daily practice in Japan. Therefore,
the results of these previous studies that compared CsA
and tacrolimus as GVHD prophylaxis might have been
affected by the target blood concentration [13-17].
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agents and their efficacy and toxicity using data of a
randomized controlled trial [16]. They showed that the effi-
cacy of CsA to prevent GVHD could be improved by elevat-
ing the target blood concentration of CsA, whereas the tox-
icity of tacrolimus could be reduced by lowering the target
blood concentration of tacrolimus. Therefore, a randomized
controlled trial to compare CsA and tacrolimus with their
appropriale target blood concentration is required to draw a
definite conclusion.

Another concern about the elevation of the target con-
centration of CsA was the possible increase in the inci
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dence of relapse [18,19]. We previously showed that the
incidence of relapse was significantly lower after the contin-
uous infusion of CsA with the low target CsA concentration
at 300 ng/ml compared to twice-daily infusions targeted to
150-300 ng/mi, because the actual dose ol CsA was obvi-
ously decreased in the continuous infusion group [6]. In
this study, the incidence of relapse tended to be higher in
the CsAS00 group (20 vs. 6%, P = 0.065), although there
was no significant diflerence in disease-free survival A
possible explanation of the tendency toward higher relapse
rate in the CsAS500 group was the impaired graft-versus-
leukemia effect due to the higher CsA concentration.
Another explanation was the fact that the CsA300 group
included significantly more patients with CML in the first
chronic phase, the relapse rate of which is expected to be
very low. Actually, the difference in the incidence of relapse
became smaller when we excluded patients with CML. In
addition, relapse in the CsA500 group mainly occurred in
patients with relatively poor underlying diseases, including
one with chronic neutrophilic leukemia in uncontrollable leu-
kocytosis, one with acule myeloblastic leukemia with
monosemy 7, and one with acule lymphoblastic leukemia
with minimal residual disease detected by flow cytometry.
Therefore, it might be important to make an appropriate
definition of standard-risk disease. Currently, we are exclud-
ing acute leukemia in first remission with poor cytogenetic
abnormalities, such as the presence of Philadelphia chro-
mosome of monosomy 7, from standard-risk disease.

In conclusion, the continuous infusion of CsA with a tar-
get level of 450-550 ng/mi appeared to be safe and effec-
tive to prevent acute and chronic GVHD. A randomized
controlled trial is being planned to confirm the appropriate-
ness of this higher target level of CsA.

Patients and Methods

Patients

A continuous infusion ol CsA with the target blood level between 450
and 550 ng/ml was started as GVHD prophylaxis far standard-risk
patients al our institute In March 2003. We compared the salety and el-
ficacy of this GVHD prophylaxis with thase in the historical standard-
nsk patients in whom the blood CsA level was largeted lo 250-350 ng/
ml [6]. Star risk d included acute leukemia in complete
remission, CML in chronic phase, myelodysplastic syndrome without

GVHD was graded as p ly

rbed [21]. Prophytaxi

bacterial, fungal, and Pn ysis canini d of fluco-
nazole, fioxacin, and letrimathoprim or inhal of
[: As prophyt against herpes simplex virus Infection,
acyclovie was given rom days 7-35. Pre-emptive therapy with gancick
ir for govirus in was perh

¥ 0 by g cytomeg-
alovwus antigenemia. The nikal dose of ganciciovr was 5 mg'kg once
daily and the dose was elovaled 1o 5 mgkg twice daily, when an
increasing antigenemia was cbserved [22] Other supportive proce-
dures were not changed.

Statistical considerations

Tosicities were evaluated until the route of CsA was changed to oral
Renal dysfunction was defined as elevation of serum finine level
sbove x1.5 or x2.0 the baseline valus. Liver dyslunction was defined
as elevation of the total biirubin level above 2 mg/dl. Dicholomous van-
ables of the patients’ characteristics in the two groups were compared
using Fisher's exact test Overal survival, disease-free survival, and
the cumulative incidence of acute GVHD were calculated using the
Kaplan-Meier method, the lative inci of relap
and nonrelapse mortality were calkculated using Gray's method consid-
ering each oiher even! as a compeling nsk [23]. Potential confounding
factors for the analyses included age, sex, donor types (related or
unrelated), stem cell sources (BM or PB), conditioning regimens (TBI
ot non-TBI), HLA-mismaich, lotal doses of MTX, and the target levels
of CsA To the infl ol the ding factors on these
events, the log-rank 1es1 and proportional hazards modeling were used
for univariate and multivariate analyses, respectively. Faclors that
showed at least borderiine significance (P < 0.10) in univariate analy-
ses were included in the multivariate ly and stepwisely del

from the model, although the targel level of CsA was persistently
stayed in the model. All P-values were two-sided and P-values of 0.05

of less were s y Sigr
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ORIGINAL ARTICLE

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

T Nakane', H Nakamae', H Kamoi®, H Koh', Y Takeoka', E Sakamoto®, H Kanashima®,
M Nakamae', K Ohta®, Y Terada', K-R Koh', T Yamane' and M Hino'

'Clinical Hematology and Clinical Diagnostics, Graduute School of Medicine, Osaka City University, Osaka, Japan: * Department
of Respiratory Medicine, Graduate School of Medicine, Osaka City University, Osaka, Japan; > Depariment of Hematology, Osaka
City General Hospital, Osaka, Jupan and *Department of Hematology. Saiseikai Nakatsu Hospital, Osaka, Jupan

Bronchiolitis obliterans syndrome (BOS) and idiopathic
pneumonia syndrome (IPS) cause high mortality and
impaired survival after allogencic hematopoictic 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 retrospectively
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, 100-452 and 95-153) from transplant-
ation. As a result of vnivariate analysis, pretransplant
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 pretransplant serum SP-D level had
a trend toward frequent development of BOS/IPS
(P =10.08). Constitutive serum SP-D level before allo-
HSCT may be a wseful, 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 1PS 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 1o
detect patients at high nsk for BOS/IPS.

Surfactant proteins A (SP-A) and D (SP-D) are collectins
mainly synthesized by alveolar type Il 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 nflammation
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 MUC! mucin, strongly expressed on type Il
alveolar pneumocytes and bronchiolar epithehial 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 noninfectious severe complications, BOS/IPS after
allo-HSCT.

Patients and methods

Patienis

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 Jung 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 § with adult T-cell leukemia
(ATL) (Table 1). In total 25 patients (45%) reccived a
transplant in the advanced phase of the disease. Standard
disease status included MDS (refractory anemia), acute
leukemia or lymphoma in the first or second remission or
chronic leukemia in the first chronic phase. Advanced
discase 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.

Allogeneic hematopoietic stem-cell transplantarion

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 ). 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 I8 patients and
cord blood for 10 patients.

In total, 26 patients (46%) received the following
myeloablative conditioning: BU/CY (n=10); CY/TBI
(n=T) 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 disease. On the other
hand, reduced-intensity conditioning was employed for 30
patients (54%) ineligible for myeloablative conditioning
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Table 1 Charactenstics of patients

Tacrolimus + sMTX
Tacrolimus alone

Characterisiics Total
No. of patients 56
Median age at transplant (years) 42 (16-69)
Sex (male/female) 2531
Disease
AML k]
ALL 5
MDS 6
CML 2
NHL 7
ATL 5
Disease stalus
Standard L1}
Advanced 25
Donor HEA
Matched related 15
Matched unrelated 20
Mismatched related 6
Mismatched unrelated 15 (CB 10)
Siem cell source
BM 28
PRSC 18
CB 10
Conditioning
Myeloablative 26
CY +THI 7
AnC+CY +TBI 8
BU+CY 10
Other |
Nonmyeloablative 3
Flu+ BU 19
Other Flu-based regimen
TLI containing regimen 5
GVHD prophylaxis
CsA +sMTX L]
CsA alome 8
CsA+ MMF I
I

Ahbbreviations: ATL =adult T-cell leukemia, CB=cord blood;, Flu=
fludarabine; MDS = myclodysplastic syndrome; MMF = mycophenolate
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 lymphowd irradiation-containing regimens (1= 5).

Acute GVHD prophviaxis 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 10 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 |,
and 7Tmg/m’ on Days 3 and 5. aGVHD was diagnosed
chimcally, graded according to standard cnitena and
confirmed by appropnate biopsies. Chronic GVHD
(cGYHD) was also defined according to the standard
criteria. However, since BOS is generally incorporated as
part of the manifestation of extensive ¢cGVHD, there is
inevitahly a major confounding between BOS and extensive
type of ¢cGVHD. Therefore, we classified ¢cGVHD into
limited or extensive type except lung manifestation.

Pulmonary function rests

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 wital
capacity (FVC) and FEV,/FVC ratio.

Defnition of BOS and 1PS

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
pneurnonia 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 3500 r.p.m. for 10min. The
serum samples were then stored at —80°C until they were
used. According 1o 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
17.2ng/ml in SP-D (6 in 49 non-BOS/IPS patients and 2 in
7 BOS/IPS patients) were statistically evaluated as 17.2 ng/ml.

Statistics

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

Prevransplant serum SP-D as 2 predictor for BOSPS
T Nakane of 2l

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 [1-1V vs 0-1) and cGVHD (extensive type vs none
and limited) in the BOS/IPS group with those in the non-
BOS/IPS group. Multivanate analysis was performed with
logistic analysis, Multivanate logistic analysis was con-
ducted with covanates with P-values <0.10 on univanate
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 [1-1V (48%) and
12 patients with grades I11-1V (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 iwo 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 resulits 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-mismaltched related donors, | one allele-mismatched
unrelated donor and | 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),
45.3ng/ml (range, 17.2-159) and 232U/ml (range, 104
725), respectively (Figure 1), The median pretransplant

4
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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/ml (range, 17.2-159) and 242 U/
ml (range, 104-725) in 49 patients without BOS/IPS,
whereas 26.4 ng/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 26.3ng/ml, 17.2 and 43.4ng/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 § patents, did not significantly change from the
pretransplant values (median pre- vs post transplant values
of SP-D, 27.6 vs 31.3ng/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).

(cause of death)

KL-6 (Uimf)

Pretransplant
serum markers
SP-A (ngjmi)

SP-D (ngim!]
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 (£=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-
vanate logistic analysis. In multivanate analysis, the serum
SP-D levels in the BOS/IPS group tended to be lower than
those in the non-BOS/IPS group (F=0.08) (Table 4).

idiopathic pneumonia syndrome, K1L-6 = Kerbs von Lungren 6 Ag; M = male,

; SP-A = surfactant protein A; SP-D

Response
No change
No change
Improved
Improved
No change
Progression
Progression

HD-mPSL + sivelestat
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Discussion

ensive  BOS
ensive  BOS

cGVHD"  Evemt

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
FEV,/FVC ratio, 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

Ex

Ex
Ex
Ex
Ex
Ex
ne; NHL = non-Hod gki

aGVHD

i

i

r

ensive BOS
BOS
ensive BOS
IPS
broachiolitis obliterans syndrome; ¢GVHD = chronic GYHD, F = female; IPS

Donar

mismsateh
Unrelated Match
Related 1 Ag
Related 1 Ag
Unrelated  Match
Unrelated | allele
Unrelated Maich

1 Ag+1 allele

=methy

Ihsease
AML
MDS
NHL
AML

Charactenstics of patients with BOS/IPS
AML
ALL

29
57
H]
k)l

67
28

48

F
M
M
F
F
F
M

Abbreviations: aGVHD = acute GVHD; BOS

MDS = myelodysplastic syndrome; mPSL
cGVHD ol the lung was excluded,

"Drays after transplantation

Table 2
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Figure 1 Disirib of serum kers (SP-A (#), SP-D (b} and KL-6 (c)) before transplantation for paticnts 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/IPS and those without BOS/IPS. The dashed lines mdmuc the uppcr hrnu of the normal range for each marker. SP-A = surfactant protein A,

SP-D = surfactant protein D; BOS/IPS = bronchiolitis obl ¥ 7 7 ia syndrome and KL-6 = Kerbs von Lungren 6 Ag.
Table 3 Comparison of risk factors between patients with and without BOS/IPS
Risk facior Median (range ) or number P
BOS/IPS Non-BOS(IPS
Age 32 (18-6T) 42 (16-69) 0.96
High-risk discase in 22/49 0.92
HLA mismatches 47 17/49 0.25
RIST 47 26/49 0.69
High-dose TBI containing regimen in 12/49 0.30
HU containing regimen 47 34/49 0.52
AGVHD -1V i 27/49 0.54
cGVHD extensive (except lung) m 21/49 0.03*
Serum SP-D levels before SCT (ng/mil) 27.6 (17.2-45.5) 54.4 (17.2-159) 0.03*
Serum SP-A levels before SCT (ng/ml) 26.3(138-313) 28.1 (6.7-83.7) 0.26
Serum KL levels before SCT (U/ml) 165 (106-310) 242 (104-725) 0.09

Abbrevianons: BOS = bronchiolitis obliterans syndrome; IPS = idiopathic pneumonia syndrome; KL-6 = Kerbs von Lungren 6 Ag; RIST = reduced-
intensity stem cell transplantation; SP-A = surfactant protein A; SP-D = surfactant protein D,

*P<0.05.

Table 4 Multivariate logistic analysis of risk factor for BOS/IPS increase in the permeability of the lung/blood interface

Risk factor Odds ratic (95% 1) P pn_rl]y _causcd by the dcslrucllo:_z of the bronlchlo!‘.!r
epithelium and vascular endothelial cells. Also in this

Serum SP-D levels before SCT 0.95 (0.90-1.01) 0.08 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 not in BOS. Although we cannot conclude that

SGYHI exiensive {axcepi. Ming) 536 (049-55.0) 016 surfactants and KL-6 increased in IPS but not in BOS

Abbrevianons:  ¢GVHD =chronic GVHD: Cl= confidence interval;
SP-D = surfactant protein .

who survived more than 90 days after allo-HSCT in this
study.

In clinical practice, elevated serum SP-D and KL-6 levels
have been used as a marker of various lung diseases and
activity of interstitial pneumonia.’®** Significant elevation
in the serum level of SP-D and KL-6 in pulmonary
inflammation is considered 10 be evoked by an activated
secretion from the bronchiolar epithelium and/or an

based on the results in only one patient with IPS, in IPS the
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 disease, the serum SP-D
levels remained low, Although very little is known about
the role of SP-D in chronic lung diseases, these results
suggest that IPS and BOS have distinct etiologies.

Low production of surfactant protein and secretary
protein in the alveoli is considered an important pathoge-
nesis of certain types of lung disease such as adult
respiratory distress and BOS.'* '7 SP-D is synthesized by
non-ciliated Clara cells as well as pulmonary type Il

Bone Marrow Transplantation



Pretransplant serum SP-D as a predicior for BOSIPS
T Nakane ef al

&

pneumocytes. A decrease in the serum level of Clara cell
secrelary protein (CCl6) was observed in BOS in both
lung'® and SCT.'” The latter study also suggests that
decreased serum levels of CCI6 might permit early
diagnosis of BOS. It was also reporied 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 1FN-production by
allo-activated lung-infiltrating T cells, and thereby, early
survival was improved.*

The molecular weight of SP-D and -A is smaller than
KL-6.7' 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
lung more than SP-A and KL-6. However, this is jus
speculation because 11 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 Auid into the airway. Therefore, it may be
a better alternative 1o 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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