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Abstract

We conducted a 15-year retrospective cohort study to determine the prevalence of restrictive lung
disease prior to allogeneic hematopoietic cell transplant (HCT), and to assess whether this was a risk
factor for poor outcomes. 2545 patients were eligible for the analysis. Restrictive lung disease was
defined as a total lung capacity (TLC) <80% of predicted normal. Chest x-rays and /or computed
tomography scans were reviewed for all restricted patients to determine whether lung parenchymal
abnormalities were unlikely or highly likely to cause restriction. Multivariate Cox-proportional
hazard and sensitivity analyses were performed to assess the relationship between restriction and
early respiratory failure and nonrelapse mortality. Restrictive lung disease was present in 194 subjects
(7.6%) prior to transplantation. Among these cases, radiographically apparent abnormalities were
unlikely to be the cause of the restriction in 149 (77%) subjects. In unadjusted and adjusted analyses,
the presence of pulmonary restriction was significantly associated with a 2-fold increase in risk for
early respiratory failure and nonrelapse mortality, suggesting that these outcomes occurring in the
absence of radiographically apparent abnormalities may be related to respiratory muscle weakness.
These findings suggest that pulmonary restriction should be considered as a risk factor for poor
outcomes after transplant.

Keywords
Pulmonary restriction; allogeneic hematopoietic cell transplant; survival; mortality risk

© 2009 The American Society for Blood and Marrow Transplantation.

Corresponding Author: Jason W. Chien, MD MS, Clinical Research Division, Fred Hutchinson Cancer Research Center, 1100 Fairview
Avenue North D5-280, Seattle, WA 98109, Phone: 206-667-4860, Fax: 206-667-5899, jchien@fhcrc.org..

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Portions of this work were presented at the American Thoracic Society Annual Congress, Toronto 2008 and the Bone Marrow Transplant
Tandem Meeting, San Diego, CA, February 2009.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ramirez-Sarmiento et al. Page 2

INTRODUCTION

Pulmonary function tests (PFTs) are routinely performed before allogeneic hematopoietic cell
transplantation (HCT) as a screen for underlying respiratory abnormalities and to provide
baseline lung function measurements for comparison when transplant-related pulmonary
complications are suspected [1]. Several studies examining the predictive value of
pretransplant PFTs for post-transplant complications have demonstrated that impaired lung
function before transplant increases the risk for post-transplant pulmonary complications and
mortality [2-14]. However, the majority of these previous studies primarily focused on the one-
second forced expiratory volume (FEV1) [2,12,14] and the carbon monoxide (CO) diffusion
capacity (DL¢gp) [10-12,14] as a surrogate measure of pulmonary gas exchange, or the effect
of specific physiologic patterns such as the effect of pretransplant airflow obstruction on post-
transplant outcomes [3,4,9,12]. Although a few studies have evaluated the relationship between
pretransplant pulmonary restriction and post-transplant outcomes [2,12,15], the prevalence of
restrictive lung disease prior to allogeneic HCT and their influence on transplant outcomes is
not well described.

There are multiple factors that can result in a restrictive pattern on pulmonary function testing
prior to stem cell transplantation. These include advanced intrathoracic malignant lesions,
spinal cord compression, prior treatments such as chemotherapy, thoracic surgery, thoracic
radiation, or prior chronic respiratory disease or infection, and/or myopathies/deconditioning
resulting in respiratory muscle weakness [1]. In a recent study, we found evidence that a
reduced total lung capacity (TLC) prior to allogeneic HCT, which defines pulmonary
restriction, may influence post-transplant outcomes [8]. These preliminary data and the current
gap in knowledge regarding restrictive pulmonary processes and allogeneic HCT outcomes
prompted us to conduct a 15-year retrospective cohort study to determine the prevalence of
restrictive lung disease prior to allogeneic HCT, and assess whether this is a pretransplant risk
factor for two major transplantation outcomes: early respiratory failure and nonrelapse
mortality.

METHODS

Patient Selection

All patients who had their first allogeneic HCT at Fred Hutchinson Cancer Research Center/
Seattle Cancer Care Alliance (the “Center”) between July 6, 1992, and July 6, 2005, were
eligible for this analysis (n = 2847). Patients who were younger than 15 years (n = 170), or
without a pretransplant assessment of pulmonary static lung volumes (n = 132) were excluded.
A total of 2545 patients were included in the final analyses.

Clinical Data

All clinical data were prospectively collected and retrospectively reviewed. The patient’s
underlying disease state was categorized as low, intermediate, or high risk as previously
described [8,16]. Donor match status was determined according to donor-recipient ABO
compatibility and HLA-A, HLA-B, and HLA-DR status. Stem cell sources were classified as
bone marrow, peripheral blood stem cell, or other, which included cord blood, or a combination
of bone marrow and peripheral blood stem cell. Conditioning regimens were classified as
reduced intensity or myeloablative. Patients in the myeloablative conditioning group included
patients that received either a TBI- or non-TBI-based regimen. Patients in the reduced intensity
conditioning group received 2 Gy of total body irradiation (TBI). Body mass index (BMI) was
calculated using weight and height and categorized as underweight (BM1<18.5), normal weight
(BMI 18.5-24.9), overweight (BMI 25.0-29.9) and obese (BMI >30.0) [17].
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Pulmonary function testing

According to standard transplant protocol at our Center, all patients underwent pulmonary
function testing prior to transplantation when possible. The PFT obtained prior to and closest
to the time of transplantation was used in the analysis. Among patients who received a
bronchodilator challenge, the prebronchodilator values were used in this analysis. All PFTs
were performed at our Center according to the American Thoracic Society (ATS) guidelines
[18] using the Sensormedics 2100 (Sensormedics Co., Yorba Linda, CA) from July 1991 to
August 1999, and the Sensormedics V-Max 22 with Autobox 6200 (Sensormedics Co.) from
September 1999 to July 2005. Published equations for adults were used to determine predicted
values of FEV1, FVC, total lung capacity (TLC), residual volume (RV), and diffusing capacity
of carbon monoxide (DL¢cp)[18-20]. All diffusing capacity of carbon monoxide (DL¢p)
measurements were corrected for the hemoglobin measurement obtained closest to the time
the diffusion capacity was measured, but not alveolar volume [21].

Chest imaging

Chest imaging data was reviewed for all patients determined to have pretransplant restrictive
lung disease by PFT. Data were obtained by reviewing radiograph and chests computed
tomography (CT) reports when available, and from reviewing clinical notes when imaging
reports were not available. Imaging was obtained within 30 days before or after stem cell
transplantation in most patients (96%). When both chest x-ray and chest CT results were
available within the same time window, CT results were used preferentially. All reports were
independently and collectively reviewed by three pulmonologists and classified as having a
high or low probability that parenchymal lung disease or chest wall deformities were
contributing significantly to the restrictive lung disease. Nodules, lobar infiltrates, cavities less
than 4 cm, and small effusions were classified as low probability. Evidence of thoracic surgery,
elevated diaphragm, diffuse interstitial lung disease, pulmonary fibrosis, central masses, and
moderate to severe pleural effusions were classified as high probability.

Restrictive pulmonary disease definitions

Restrictive lung disease was defined according to ATS/European Respiratory Society (ERS)
criteria, defined as a TLC<80% [20,22]. In order to examine whether respiratory muscle
weakness may be associated with the outcomes, we performed a sensitivity analysis using two
additional definitions of restrictive lung disease. The first definition required both TLC<80%
and a FEV1/FVC ratio >0.7. The second alternative definition required the same, and also
required a low probability chest image, one that provided no evidence for a parenchymal
explanation for a restrictive pattern.

Outcome definitions

Patients were defined as having developed early respiratory failure if they required >24h hours
of mechanical ventilation for a nonelective reason within the first 120 days after transplantation.
Nonrelapse mortality was defined as mortality that occurred in patients who did not experience
relapse of their underlying malignancy within the follow-up period.

Statistical methods

All statistical analyses were performed using SPSS 15.0 for Windows® (SPSS Inc. Chicago,
Illinois) and Stata/IC 10.0 for Windows® (StataCorp LP College Station, Texas). Two sided
p-values <0.05 were considered statistically significant. Diagnosis, disease status, and disease
risk were evaluated as categorical variables. Pulmonary function parameters were evaluated

as both continuous and categorical variables. Body mass index was considered as a categorical
and continuous variable. Pearson 2 test and one-way analysis of variance were used to compare
categorical and continuous variables, respectively. To evaluate if respiratory muscle weakness
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might be associated with worse outcomes, we performed a sensitivity analysis using three
successively more stringent definitions for a restrictive pattern that is likely caused by
respiratory muscle weakness. Cox proportional hazards models were used to assess the
relationship between pulmonary restriction and the outcomes of interest. Patients who
developed disease relapse were censored at the time of relapse for the nonrelapse mortality
analysis. To account for potential changes in clinical practice over time, we considered the
year of transplant as a categorical variable in the analysis. The incidence of developing early
respiratory failure and nonrelapse mortality according to lung function parameters were plotted
using cumulative incidence curves, with disease relapse treated as a competing event for
nonrelapse mortality and all cause mortality treated as a competing event for respiratory failure.
Cumulative incidence curves were compared using the methods of Gray [25].

RESULTS

Clinical characteristics and baseline lung function

The pretransplant clinical characteristics of all patients are summarized in Table 1. The mean
(% standard deviation) number of days between PFTs and transplantation was 24 + 9 days.
Restrictive lung disease, defined by TLC <80%, was present in 194 (7.6%) patients (Table 2).
The presence of restrictive lung disease increased as disease risk increased (p < 0.001; Table
3). Four percent of low risk patients had restrictive lung disease. This increased to 7% and 12%
for patients with intermediate and high risk diseases, respectively. One hundred and seven chest
CXRand 81 chest CTs were reviewed for the 194 patients with a restrictive pattern. Six patients
did not have any radiographic images available for review. The majority of patients witha TLC
< 80% had normal or near normal chest radiographic studies (n = 149; 77%) and were
categorized as having a “low likelihood” of having parenchymal lung disease or a chest wall
deformity as a cause of the pulmonary restriction. The remainder of patients witha TLC < 80%
(n = 39; 20%) had prior thoracic surgery or radiographic evidence of mediastinal, lung or
pleural abnormalities and were classified as having a “high likelihood” that parenchymal lung
disease or chest wall deformities were a significant cause of the abnormal TLC. Patients with
the most severely decreased TLC were more likely to have abnormal chest imaging (31% vs.
5%, p < 0.001).

Among pretransplant characteristics, only disease diagnosis and stage were significantly
associated with a TLC<80% (Table 3). Although the majority of the patients were in the highest
TLC category, a larger percentage of the patients with Hodgkin’s disease had a pretransplant
TLC in the lower categories (p < 0.001). Similarly, there was also a significant association
between the baseline TLC and disease status at transplant (p < 0.001). To facilitate further
analysis, we integrated the pretransplant diagnosis and disease status into a composite variable,
disease risk, and confirmed the association with pretransplant TLC (Table 3). Since physiologic
deconditioning or pulmonary injury from significant pre-treatment can result in a restrictive
pattern and influence the risk of developing the outcomes, disease risk represents a potential
confounding variable. Due to the low number of patients in each TLC category below 80%,
we also dichotomized the TLC categories into >80% versus <80% for the remaining analyses.

Pretransplant restrictive lung disease and early respiratory failure

Pretransplant restrictive lung disease was significantly associated with a higher risk for early
respiratory failure (hazard ratio [HR] 2.22, 95% confidence interval [CI] 1.60-3.07, p<0.001)
(Table 4). Cumulative incidence of early respiratory failure was significantly different between
subjects with and without pretransplant TLC < 80% (p < 0.0001, Figure 1A). In an attempt to
isolate the effect of respiratory muscle weakness we repeated this analysis using progressively
stringent criteria for restrictive lung disease. When restrictive lung disease was defined as both
a TLC<80% and FEV/FVC ratio>0.7, it remained significantly associated with a two-fold
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increase in risk for early respiratory failure (HR 2.19, 95% CI 1.57-3.06, p < 0.001). Using
these criteria for pulmonary restriction, cumulative incidence of early respiratory failure
remained significantly different between subjects with and without pretransplant pulmonary
restriction (p < 0.0001, Figure 1B). The third analysis required a TLC<80%, FEV1/FVC ratio
>0.7, and a low probability chest radiograph. Although attenuated slightly, a restrictive pattern
remained significantly associated with an increase in risk for early respiratory failure (HR 1.84
95% CI 1.25-2.71, p < 0.002). Under this definition of pulmonary restriction, subjects with
and without still had significantly different cumulative incidence of early respiratory failure
(p = 0.012, Figure 1C).

Given the potential confounding effects of disease risk, we repeated these analyses after
adjusting for disease risk in the models. We also adjusted for year of transplantation to account
for any changes in clinical practice over the duration of this study. These adjustments reduced
the point estimates. However, the associations between pulmonary restriction and early
respiratory failure remained statistically significant for the first two definitions, and a trend
toward significance with a smaller effect size remained for the third definition (Table 4).

Due to fundamental differences in patient characteristics among patients who receive a
myeloablative versus a nonmyeloablative conditioning regimen, we also stratified the adjusted
analysis based upon this criterion. Among patients who received a myeloablative conditioning
regimen (N = 2338), presence of pretransplant pulmonary restriction remained significantly
associated with increased risk for early respiratory failure in adjusted analysis (Definition 1:
HR 1.67, 95% CI 1.43-1.95, p<0.001; Definition 2: HR 1.68, 95% CI 1.43-1.96, p<0.001;
Definition 3: HR 1.46, 95% CI 1.44-1.98, p < 0.001). Among patients who received a reduced
intensity conditioning regimen (N = 207), the presence of pretransplant pulmonary restriction
according to the first two definitions was associated with a higher risk for early respiratory
failure. This was no longer statistically significant in adjusted analyses (Definition 1: HR 2.81,
95% C1 0.73-10.82, p = 0.134; Definition 2: HR 1.80, 95% CI 0.38-8.46, p = 0.455). There
were not enough cases with Definition 3 to perform an informative analysis.

Pretransplant restrictive lung disease and nonrelapse mortality

Restrictive lung disease was also significantly associated with a higher risk for nonrelapse
mortality (HR 2.41, 95% CI 1.98-2.94, p < 0.001, Table 5). Sensitivity analyses using the two
alternative definitions revealed that the association remained significant. According to the
second alternative definition, presence of a restrictive pattern was associated with a two-fold
increase in risk for nonrelapse mortality (HR 2.39, 95% CI1 1.95-2.92, p < 0.001). According
to the third alternative criteria, presence of a restrictive pattern was still significantly associated
with a two-fold increase in risk of nonrelapse mortality (HR 1.98 95% CI 1.57-2.50, p < 0.001).
Using each of these three criteria for pulmonary restriction, cumulative incidence of nonrelapse
mortality was significantly different between subjects with and without pulmonary restriction
(p <0.0001, Figure 1D, 1E and 1F).

We also repeated these analyses after adjusting for disease risk and year of transplant in the
models. The resultant point estimates decreased slightly, but the associations between
pulmonary restriction and nonrelapse mortality remained statistically significant for all three
definitions of pulmonary restriction (Table 4). We also performed stratified analyses of the
adjusted models based upon conditioning regimen. Among patients who received a
myeloablative conditioning regimen, presence of pretransplant pulmonary restriction remained
significantly associated with increased risk for nonrelapse mortality (Definition 1: HR 2.07,
95% ClI 1.68-2.56, p < 0.001; Definition 2: HR 2.10, 95% CI 1.70-2.60, p<0.001; Definition
3:HR 1.74, 95% CI 1.37-2.22, p < 0.001). Among patients who received a reduced intensity
conditioning regimen, the association with nonrelapse mortality was neither consistent nor
statistically significant with each definition for pretransplant pulmonary restriction (Definition
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1: HR 1.69, 95% CI 0.86-3.32, p = 0.125; Definition 2: HR 1.18, 95% CI 0.55-2.56, p = 0.669;
Definition 3: HR 0.59, 95% C1 0.17-2.04, p = 0.404).

DISCUSSION

Evaluation of pulmonary function serves as an important method for risk stratification of
patients who are considering allogeneic HCT [7,8,10,23-25]. The most recent studies clearly
indicate that the presence of poor lung function prior to stem cell transplantation is associated
with worse outcomes, including respiratory failure and mortality [7,24]. However, these
studies, and many others, are limited in their ability to comment on the potential biologic
reasons by which poor lung function might influence a patient’s post transplant clinical course.
There are two potential explanations for these repeated observations in the literature. First,
impaired lung function likely leaves a patient with less pulmonary reserve, which means there
is decreased lung capacity for surviving a period of critical illness. Second, prior lung injury
may have immunologically primed the lungs, predisposing the lungs to additional immunologic
injury during the transplantation process. However, based upon the observations of our current
analysis, we suspect that there is a third explanation that may be linked to pulmonary restriction
and respiratory muscle weakness.

Pretransplant pulmonary restriction is a significant clinical problem. In the current study, we
found that the prevalence of pulmonary restriction among transplant candidates was only 8%,
which is much lower than a previously reported observation of 29% in a study of patients
transplanted between 1984 and 1990, an entirely different era of stem cell transplantation [2,
12,15]. Given the observations associated with our most stringent definition of pulmonary
restriction, we suspect that the majority of these patients with pulmonary restriction (77%)
likely had evidence of respiratory muscle weakness prior to transplantation. This is supported
by two observations. First, there was a direct correlation between BMI and TLC values; patients
with lower BMI, who may be more likely to be physiologically deconditioned due to poor
nutritional status, had lower TLC measurements. Second, there was also a significant
relationship between disease type/risk and the degree of TLC reduction. While this could
indicate that patients with the most advanced disease were more likely to have had thoracic or
pulmonary injury resulting in pulmonary restriction, patients who had radiographic evidence
of parenchymal or thoracic abnormalities that could cause restrictive lung disease were in the
minority. Instead, we believe it is more likely that this group of patients were most likely to
be physiologically deconditioned due to multiple previous rounds of aggressive cancer
treatment. Based upon these observations, our results go beyond confirming that the presence
of pulmonary restriction prior to transplantation was associated with a higher risk for
respiratory failure and nonrelapse associated mortality. Our study provides the first published
evidence that pretransplant pulmonary restriction may be caused by respiratory muscle
weakness. This may partially explain the well-established relationship between poor lung
function and worse allogeneic HCT outcomes.

Our analysis accounted for the major variables that might influence pulmonary function. First,
as clearly demonstrated by the significant relationship between disease risk and pretransplant
pulmonary restriction, we included disease risk as a potential confounding variable. While this
inclusion did attenuate the magnitude of the effect associated with pretransplant pulmonary
restriction, we demonstrated that despite this adjustment, this relationship with the two
outcomes remained statistically significant. Second, we also accounted for potential changes
in patient selection over the course of this 14-year period by including the year of transplant
in our models. Again, this did not significantly influence our results, suggesting that this
relationship is durable despite temporal changes related to transplant procedures and patient
selection. Third, recognizing the potential physiologic differences of patient populations
receiving myeloablative versus reduced intensity conditioning regimens, we stratified our
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analyses accordingly and found that while the association remained strong among patients who
received a myeloablative regimen, this was less so for those that received a reduced intensity
regimen. Nevertheless, we note that at least for the respiratory failure endpoint, the point
estimates for the reduced intensity patients were similar in magnitude to that observed among
the myeloablative patients. Our cohort may have been underpowered to demonstrate statistical
significance for reduced intensity patients with respect to mortality.

Our study is subject to the usual limitations associated with single center retrospective studies.
In addition, perhaps the most noteworthy limitation of our study is the lack of data from direct
measurements of respiratory muscle strength with tools such as maximum inspiratory and
expiratory pressures, or even indirectly with grip strength. We were only able to infer that a
restrictive pattern noted on PFTs, in the absence of any radiographic features that may explain
the restrictive pattern, was most likely attributable to respiratory muscle weakness. However,
respiratory muscle dysfunction is often present before pulmonary restriction is apparent on
PFTs [26-28], suggesting that we have most likely underestimated the prevalence of respiratory
muscle dysfunction. Although data for respiratory muscle strength are not available in our
database, we believe such measurements could contribute significantly to not only our
understanding of this process, but also help to direct clinical care with interventions that can
increase respiratory muscle strength. In the future, prospective studies should consider
incorporating relatively simple tools for measuring respiratory muscle function (e.g. maximum
inspiratory and expiratory pressures), which are available through most pulmonary function
testing laboratories, to evaluate patients with and without a pretransplant TLC <80%.

In summary, the results from the current study demonstrate that pretransplant restrictive lung
disease was a risk factor for allogeneic HCT outcomes and that it may possibly be attributable
to respiratory muscle weakness. This may partially explain the higher risk for poor transplant
outcome that has long been observed to be associated with poor pretransplant lung function.
If confirmed, future studies should consider evaluating interventions that strengthen respiratory
muscles to determine whether such measures can improve the outcomes of allogeneic stem
cell transplantation.
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Cumulative incidence curves for early respiratory failure (A, B, C) and nonrelapse mortality
(E, F, G). Dotted lines indicate patients with pretransplant pulmonary restriction, solid lines
indicate patients without pretransplant pulmonary restriction. Three definitions of pretransplant
pulmonary restriction were used: TLC<80% alone (Figures A and D), TLC<80% and FEV;/
FVC ratio >0.7 (Figures B and E), TLC<80%, FEV{/FVC ratio >0.7, and a low probability
chest radiograph (Figures C and F). Gray’s test indicates significant differences between
subjects with and without pulmonary restriction in cumulative incidence of early respiratory
failure (A: p <0.000, B: p <0.0001, C: p =0.012) and cumulative incidence of nonrelapse
mortality (D: p <0.0001, E: p < 0.0001, F: p <0.0001).
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Table 1
Patient pretransplant characteristics

Characteristic n (%) or mean = SD
Total number of patients 2545 (100)
Age at transplant 42yrs. £12.3
Race (White) 2141 (84.1)
Sex (males) 1487 (58.4)
Donor type

HLA-matched related 1690 (66.4)

HLA-mismatched related 565 (22.2)

Unrelated 237 (9.3)
Conditioning regimens

Myeloablative 2338 (92)

Nonmyeloablative 207 (8)

SD=standard deviation

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 February 1.

Page 11



Page 12

Ramirez-Sarmiento et al.

A1aA1103dsa1 ‘sa|geLIBA SNONURUOD pue [eali0Ba1ed asedwiod 0} pasn alam adueLIeA JO sisA[eue Aem-auo pue 1ss) Nx uosiead

¥

"M3IA3. 10} 3|qe|1eAR eyep 2160]o1pel aARY 10U pIp siusied XIS
-

Auoeded uoisnyip apixouow uoged= ODTQ ‘aWnjoA [enpisai=AY ‘Al1oeded [elIA PaoIoj=D A4 ‘puodas auo Ul 3Wn|oA Aloyeidxa paoloy=T A3 ‘uoneInsp plepuels=as

1000°0> (te) et (€2) 6 (9v) 81 VN Aungeqoad ybiH

1000°0> (92 (67) 62 (o) €1t A\ Angeqoad moT
*mmc_cc_n_ oiydeaboipey 1s8yd

1000°0> 9TF ¥§ €1¥ 29 0ZF ¥L LT¥ 06 0o9a

1000°0> 82F 9L 6T F9L LTF9L 9z ¥ 00T AY

T0000> L00F280 900F080 GO0F080 L00OFLL0 ones OAL/FAIA

1000°0> TZ¥55 ZTFE9 6¥S. €T 00T ONd

1000°0> 0C ¥ €S TTF19 6F VL EIF ¥6 TA34
(as ¥) paripaad 4o Jusosad ues

0100 v¥EC S¥9C 9¥8¢ ¥ /2 (as ¥) xaput ssew Apog uea|y
(80) T¢ (5T) 6 (e9)veT  (v'e6) TGET (%) syuaired Jo JaquInN

wonread %09> %69-09 %6.-0L %608<

sal106a1e) A11oede) HunT jero ) juejdsuealald

sa110691e9 Al1oedes Hunj [e101 Jue|dsuealaad 01 Buipaodoe sbuipul) Buibew 1sayd pue siaajawreded uonouny Adeuownd Jo uonnglisig
Z?3lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 February 1.



Page 13

Ramirez-Sarmiento et al.

sa|qeleA [2o1i0fa1ed aredwod o) pasn Sem 1sal X uosies
LEA [eol z

x

aseasip s, ubpoH=aH ‘elwaxna] onAsoydwA| olwoIyd=119
‘ewolaAw apdinw=AIN ‘ewoydwA| subpoH-uou="THN ‘elwsxna] anAdsoydwA| snde="17v ‘awoipuAs onsejdsApojsAw=SaIA ‘elwaxna| snousbojaAw amnde="1AY ‘elwaxna| snousbolaAw d1uoIYI=TND

@11 @gr (8719 (88)GTL 808 ubiH
(>)vy  (@grT (9905 (e6)926  S66 ajeIpawau|
(o Mms (e)ez  (98) €69  ¥2L Mo
T00'0> XSI4 aseasiq
(t>)e (26 (922 (eB)ozy 65y $18U10
(o (o (387 (t6) 6 €V umouMun
(>t @Ms (S)2z  (¥6)SS5  T6S uoissiway
@ @11 (8L (88)ves 109 asde|ay
Mo (ne @1 (88)0e € oAou 8@
@0 (v (€)1 (96) 095  T18S aseyd 21U0IYD
(>t (@©)¢ (6)8 (28)08 26 SIsLID 3se|g
()1 ()7 (r)s  (se)zer  6ET  8seyd psyessjpooy
T00'0> snjels aseasiq
e M1 wg)9  (09)sT  Se aH
@1 (o (OF (ze)oy  0g 1710
(€)e (®)¢ (®s (98)ss 9 AW
©v Mme (992 (8®)eeT LT HN
Me (€2 (8712 (88)0€c 19T 1V
(>)e (@6 Qvez (ee)oty  ovy San
(t>)e (Mot (996  (e6)G69  L¥L ANV
(>)z @Ms (r)oe (se)oL 018 AND
100°0> sisoubelg
anen-d U (WU (EU (U,
* %09> 90,09 9%08-0L  %08<

sali0ba1ed D1 Juejdsueaiaad

sa11006a1e0 A119eded Hunj [e101 Juejdsuealaad 01 Bulpaodde Ysid aseasip pue ‘snyels aseasip ‘sisoubelp Jo uonngiilsiq

NIH-PA Author Manuscript

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 February 1.



Page 14

Ramirez-Sarmiento et al.

J1eak pue s aseasip 1oy paisnlpy
x

|eAIB)UI 8OUBPIHU0I=]D ‘Ol1el prezey=yH ‘A11oeded [elA PadIoj=D A :pu0das auo ul awnjoA Alojelidxa padioj=TAJH ‘Aoedes bun| [e101=071

2200 (L€2-10T)6ST 2000 (T22-S2T)¥8'T 8¢ (9) evT SOA
- - Gz (€6) 962 ON
BuiBeuwr 1seyd uo Anjigeqoad mol+2'0< DAL/TAIH+%608>D71L
T000> (997-S€T)06T TO00> (90°€-LST)6TC 4% () g81 SOA
- - €9z (e6) 8see ON
L'0< DAS/TATA+%08>071L
T000> (G92-9€T)06T TO00> (L0'€-09T)2CC (574 (8) v61 SOA
- - 19z (26) 1S€EC ON
%08>071L

anfer-d (1D %G6) dH  enfea-d (1D %S6) dH  swens (%) N
parsnipy paisnipeun

ain|re) Aio1eaidsal Ajaea pue uondlilsad Juejdsueayaad ussmiag uoIeId0SSe 3yl JO SIsAjeue AlIAIRISUSS
¥ a|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 February 1.



Page 15

Ramirez-Sarmiento et al.

J1eak pue s aseasip 1oy paisnlpy
x

|eAIB)UI 8OUBPIHU0I=]D ‘Ol1el prezey=yH ‘A11oeded [elA PadIoj=D A :pu0das auo ul awnjoA Alojelidxa padioj=TAJH ‘Aoedes bun| [e101=071

1000> (0€C-¥¥'T) 28T 1000> (0SZ-.ST)86'T 8¢ (9) evT SOA
- - Gz (€6) 962 ON
BuiBeuwr 1seyd uo Anjigeqoad mol+2'0< DAL/TAIH+%608>D71L
T000> (99¢-8.T)8TC T000> (26'C-G6T)6ET 4% () g81 SOA
- - €9z (e6) 8see ON
L'0< DAS/TATA+%08>071L
1000> (S9¢-6LT)8TC 1T000> (¥6'2-86T)T¥'C (574 (8) v61 SOA
- - 19z (26) 1S€EC ON
%08>071L

anfer-d (1D %G6) dH  enfea-d (1D %S6) dH  swens (%) N
parsnipy paisnipeun

Aleriow asdejaauou pue uoidlIIsad Juejdsueayaad usamiag UOIIRIIOSSE a3 JO SISAjeue ALIAIISUSS
G 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 February 1.



