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Abstract

We previously showed that minimal residual disease (MRD) detection pre- hematopoietic cell
transplant (HCT) and acute graft versus host disease (aGVHD) independently predicted risk of
relapse in pediatric ALL. In this study we further define risk by assessing timing of relapse and the
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effects of leukemia risk category and post-HCT MRD. By multivariate analysis, pre-HCT MRD <
0.1% and aGVHD by day +55 were associated with decreased relapse and improved EFS.
Intermediate leukemia risk status predicted decreased relapse, and improved EFS and OS. Patients
with pre-HCT MRD 2 0.1% who did not develop aGVHD compared to those with MRD <0.1%
who did develop aGVHD had much worse survival (2yr EFS 18 vs. 71%; p=0.001, 2yr OS 46 vs.
74%; p=0.04). Patients with pre-HCT MRD <0.1% who did not experience aGVHD had higher
rates of relapse if they did not develop aGVHD (40% vs 13%; p= 0.008). Post-HCT MRD led to a
substantial increase in relapse risk (HR=4.5, p<0.01). Patients at high risk of relapse can be
defined after transplant using leukemia risk category, presence of MRD pre- or post-HCT, and
occurrence of aGVHD. An optimal window to initiate intervention to prevent relapse occurs
between day +55 and +200 after HCT.

Introduction

Published classification schemes for childhood acute lymphoblastic leukemia (ALL)
describing when allogeneic hematopoietic cell transplantation (HCT) is recommended are
based upon response to therapy and genetic characteristics.l: 2 After a first or subsequent
relapse, further delineation of risk of failure of therapy has been made based upon timing
and site of relapse, immunophenotype, and persistence of minimal residual disease (MRD)
after reinduction therapy.3-8 Although high rates of post-HCT relapse have been noted when
persistent MRD is present prior to the HCT preparative regimen, the effect of MRD on
established leukemia risk groups has not been explored. In addition, little is known about
whether post-HCT events such as graft versus host disease (GVHD) alter predicted
outcomes.

Although often debated, several studies’~1® have suggested a positive effect of GVHD in
decreasing relapse after allogeneic HCT for ALL. We confirmed this finding in a
prospective phase 111 of adding sirolimus for GVHD prophylaxis.16-20

Past attempts to de-escalate GVHD prophylaxis and encourage GVL have sometimes shown
success, 2! but can lead to significant morbidity associated with GVHD.22 Any child
subjected to either immune withdrawal or a potentially dangerous targeted agent early after
HCT should be at very high risk for relapse in order to minimize unnecessary toxicity.
Because both aGVHD after transplant and MRD pre-HCT and post-HCT may significantly
effect relapse risk,23 24 careful study of the interplay between these factors is needed to
define high-risk populations where interventions to reduce relapse could be performed. In
this study we look at the effect of established leukemia disease risk classification groups,
pre- and post-HCT MRD detection, and the occurrence of GVHD on relapse and survival.
We then identify target populations and timeframes post-HCT where intervention to prevent
relapse would have the greatest impact.

Patients and Methods

Protocol COG ASCT0431 (PBMTC ONCO051) was conducted from 2007-2011 and was
approved by the NCI Central IRB and local IRBs as applicable. The trial was open to ages
1-21 with ALL in CR1 and CR2, utilizing related and unrelated bone marrow or cord blood.
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Three leukemia risk categories of patients were allowed: High Risk CR1 (Ph+ ALL, extreme
hypodiploidy [<44 chromosomes], or induction failure [either M3 BM at day +29 or M2 or
minimal residual disease (MRD)>1% at day +43]); High Risk CR2 (B-cell BM relapse
<36m from diagnosis, T-cell or Ph+ BM relapse at any time, T-cell isolated extramedullary
[IEM] relapse <18m from diagnosis); and Intermediate Risk CR2 (B-cell BM relapse =36m
from diagnosis, B-cell IEM <18m from diagnosis). Details regarding transplant approach,
GVHD grading, and 6-color multi-channel flow cytometry MRD were published
previously.23: 25-27 MRD was measured on BM pre-HCT and at 1,3 and 8-12m post-HCT,
and was performed at a single COG central flow laboratory (Johns Hopkins). Centers were
blinded to pre- and post-HCT MRD results, and modification of the protocol based upon
local MRD results was not allowed.

Statistical Approach

Patients who did not experience an event were censored at the time of last contact. Event
free survival (EFS) and overall survival (OS) were estimated by the Kaplan-Meier
method.28 The log-rank statistic was used to compare EFS and OS between standard and
experimental treatment groups. The HRs, Cls, and tests of significance associated with
patient characteristics were assessed using proportional hazards regression modeling.29
Time-dependent coding of GVHD occurrence and post-HCT MRD status was used to
appropriately account for timing of these factors and number of post-HCT MRD
assessments was included in all regression models evaluating post-HCT MRD status. Cause-
specific outcome probabilities of relapse or TRM over time were estimated using non-
parametric methods of Aalen and Johannsen.30

To provide graphical comparisons of outcome probabilities over time by aGVHD status, the
landmark analysis curveZ® approach was used in which outcome probabilities were
computed from day +55 forward with aGVHD status determined at day +55. Day +55 was
chosen because by then 93% of those who developed aGVHD had experienced peak grade
and determination of risk classification at this time would allow sufficient time for
implementing further treatment strategies. Landmark analyses curves starting anywhere
between days +50-80 were essentially equivalent. Eight patients had died of TRM by day
+55 (5.5%), with 2 of the 8 having developed aGVHD before death. Two relapses had
occurred, meaning 10 out of the 143 patients (7%) did not contribute to the landmark
analysis. The use of landmark curves avoids bias that would occur comparing Kaplan-Meier
estimates starting at HCT based on aGVHD status, a condition that occurs after HCT.29 P-
values given in landmark figures are from the Cox regression analysis with aGVHD as a
time-dependent covariate and uses all the available data. HRs for post-HCT MRD and
relapse were computed using Cox regression with MRD status and the number of MRD
assessments included as time-dependent covariates.

Table 1 shows the patient population involved in the analysis. This phase Il trial compared
tacrolimus/methotrexate with sirolimus/tacrolimus/methotrexate for GHVD prophylaxis.
The populations in both arms were balanced for key factors associated with outcome.23
Although there was less grade | and 11 aGVHD noted on the sirolimus arm, rates of relapse,
survival, and TRM were similar between the two arms. In addition, the effect of aGVVHD in
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decreasing relapse was similar between the treatment arms (p=0.65).23 Rates of MRD and
the effect of MRD on outcomes were also noted to be similar in both arms (p=0.21). With
this in mind, we combined both arms for this analysis of the effect of GVHD and MRD. The
main data analysis of risk groups was performed on patients with pre-HCT MRD data
present. Twenty seven percent of patients did not provide pre-HCT BM MRD samples, most
often because they had already undergone pre-HCT BM sampling prior to consent and
refused a second procedure. Table 1 shows no differences between the pre-HCT MRD
present population and the full cohort.

Individual and Combined Effects of aGVHD and pre-HCT MRD on Relapse and Survival

As part of the primary manuscript reporting outcomes of COG ASCT0431/PBMTC
ONCO051, a multivariate analysis defined independent benefits for relapse and survival from
1) low pre-HCT MRD (absent or <0.1% by flow cytometry) and 2) the occurrence of grades
I-111 aGVHD (grade 1V aGVHD decreased relapse but decreased survival due to TRM).23 In
this analysis we sought to determine in more detail how these clinical factors combine to
identify risk of poor outcomes. We chose to perform a landmark analysis of patients alive
with or without aGVHD at day +55 as outlined in the methods section. Figure 1a shows a
dramatic difference in risk of relapse between patients with pre-HCT MRD = 0.1% who did
not develop aGVHD compared to those with MRD <0.1% who did develop aGVHD (CI of
relapse 73% vs 13%; p=<0.0001). It is also notable that there is a significant difference in
relapse between those previously considered to be “good risk” patients (pre-HCT MRD
<0.1%) who did and did not experience aGVHD (13% vs.40%; p= 0.008).

The changes in relapse risk based on these two clinical factors translated into similar
changes in EFS. Figure 1b shows a marked difference in survival between patients who had
pre-HCT MRD = 0.1% who did not develop aGVVHD compared to those with MRD <0.1%
who did develop aGVHD (2yr EFS 18 vs. 71%; p=0.001, 2yr OS 46 vs. 74%; p=0.04), and a
trend toward increased EFS in the patients who were MRD <0.1% who did or did not
develop aGVHD (71% vs 51%; p=0.07). There were only 5 patients who had pre-HCT
MRD = 0.1% who did develop aGVHD so possibly due to low numbers, no statistical
differences in relapse risk and EFS between this group and any of the others were found.

The Combined Effect of Leukemia Risk Group, aGVHD and pre-HCT MRD on Relapse and

Survival

With the noted effects of aGVHD and pre-HCT MRD on outcomes, we asked whether
current risk classification groups remain relevant, or if risk could be better predicted using
these factors alone. COG ALL risk classifications (high risk [HR] CR1, HR CR2, and
intermediate risk [IR] CR2) are based upon time to relapse, immune phenotype,
cytogenetics, and site of relapse. Definitions of these leukemia risk groups are detailed in the
methods section and are very similar to European classification approaches.* Hazard ratios
estimated in multivariate analyses looking at leukemia risk group, aGVHD, and pre-HCT
MRD with aGVHD as a time-dependent covariate, are shown in Table 2. Of note, all three
of these factors: leukemia risk group, the presence of high levels of MRD pre-HCT, and the
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occurrence of grade I-111 aGVHD after HCT, independently influenced outcome. Within the
risk groups, HR CR1 and HR CR2 ALL were very similar in outcome, but patients with IR
CR2 experienced less relapse and better EFS and OS independent of aGVHD and MRD
effects. With this in mind, the HR CR1/CR2 groups were combined for further analyses.

The first 3 lines of Table 3 show the 2-year risk of relapse based on the key pre-HCT
factors, leukemia risk group and pre-HCT MRD. In HR CR1 and CR2 patients, the EFS
difference in children with low MRD (<0.1%) compared to high MRD (=0.1%) was more
than 30% (47% vs 15%, p<0.0001). Intermediate leukemia risk patients with pre-HCT MRD
< 0.1% had an excellent prognosis (>80% EFS). The lower portion of Table 3 shows the
modifying effect of aGVHD occurring by day +55 on patient risk of experiencing an event.
Patients with grade I-111 aGVHD had an approximately 20% higher 2-year EFS probability
than patients with no aGVHD in each leukemia risk category and MRD status (Table 2,
p=0.02).

The population at highest risk for poor outcome was HR CR1/CR2 patients who were MRD
+ pre-HCT who then did not experience grade I-111 aGVHD (EFS 12%). Patients with the
best outcome were those in the intermediate risk category who were MRD <0.1% who
experienced grades I-111 aGVHD, with EFS above 90%. Of note, HR CR1/CR2 patients
who had low MRD, a group thought to have good outcome, had a relatively poor EFS of
47% if they did not get grade I-111 aGVHD.

Effect of Post-Transplant Detection of MRD on Relapse

There were a total of 262 post-HCT MRD assessments done in 112 patients (95, 88, and 68
assessments at 1, 3, and 8-12m, respectively), among whom 21 had at least one positive
MRD test. Of these 21 patients, 20 had one positive MRD test while one had three positive
MRD tests. Detection of any level of post-transplant MRD led to a substantial increase in
relapse risk (HR=4.5, p<0.01). Multivariate analysis including pre-HCT MRD and the
occurrence of aGVHD showed that the presence of detectable MRD after transplant led to
an increase in HR of 3.5 (p=0.003) independent of other factors.

A positive or negative post-HCT MRD test was predictive of relapse or non-relapse, but
over time the predictive power of the MRD measurement was lost. Comparing patients
whose last MRD test was in the past 60 days, those who tested MRD+ had much higher
relapse rates than patients who tested negative (HR 4.5, p=0.01). However, comparing
patients whose last MRD test was over 60 days in the past, relapse rates were similar in
those who tested positive or negative (HR 1.1, p=0.87). Among the 88 patients who were
MRD negative at 1-month post-HCT, 30 eventually relapsed, but none did so within 60 days
of the MRD assessment (minimum time was 69 days). In this cohort, there were only two
patients who relapsed within 60 days of a negative MRD test.

Flow MRD detected in BM at 8-12 months after HCT was more strongly predictive of
relapse than earlier MRD assessments. Risk of relapse by 2 years for patients with MRD
detected at 8-12 months post-HCT was 73 vs. 33% (p=0.01), while relapse rates between
those with very early post-HCT MRD positivity and those who were MRD negative were
not significantly different. Finally, the level of MRD measured post-HCT may be important.
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Of the 19 MRD+ post-HCT patients with MRD quantitation available, 10 had MRD <0.1%
and 9 had MRD =0.1% with 2 (20%) and 6 (67%) relapsing in each group (p=0.07).

Defining Target Populations and Optimal Timing for Post-Transplant Interventions

Figure 2a shows a non-parametric patient status analysis of probabilities of 1) relapse-free
survival (RFS), 2) relapse, and 3) TRM in patients the first 2 years after transplant, and the
effect of the presence or absence of aGVHD on these events. The graph shows 100% of the
patient population and follows them over the first few years post-HCT. All patients started
alive, without aGVHD (blue lines = no aGVHD), and without relapse. Over time, a portion
of patients developed aGVHD (thus moving to the red lines; red lines = experienced
aGVHD). Patients with or without aGVHD either stayed alive (solid lines), relapsed (dot-
dash), or experienced TRM (dashed lines). The most striking observation was that the
probability of relapse after getting aGVHD was low, resulting in remarkable stability of the
“alive, yes aGVHD” probability state over time. In contrast, when patients did not get
aGVHD their relapse risk was high (as shown by the upward slope of the “relapse, no
aGVHD” curve), especially after day +100, and remained high until just over 400 days after
transplant. Of note, 59% of all relapses occurred between days +100 and +400 in patients
who did not experience aGVHD, implying that a successful intervention to prevent relapse
after transplant in this population could have a significant impact on survival.

Figures 2b and 2c are similar patient state probability curves for those with pre-HCT MRD <
0.1% or MRD = 0.1%, respectively. These figures show the clear pattern of increased risk of
relapse in patients not developing aGVHD and low risk in those who do develop aGVHD,
regardless of the pre-HCT MRD. This method of analysis demonstrates a window of
opportunity for intervention to prevent relapse between day +55 and day +200, when those
at high risk for relapse have been defined, and most patients who will relapse have yet to do
S0.

Discussion

With promising immunological and cellular therapeutic approaches coming into more
general use, it is important to define timing and target populations for intervention to prevent
relapse after HCT. This analysis clarifies that both pre-HCT and post-HCT factors (disease
risk, pre- and post-HCT MRD, and aGHVD) can be used to define populations with poor
outcome. Weaknesses of this study come from the fact that subdividing our cohort created
some small clinical subgroups (e.g. pre-HCT MRD+ with aGVHD), follow up may not be
sufficient to detect differences in some of our subgroups, and one must always approach
unplanned comparisons with caution. That said the clinical factors we describe (pre-HCT
MRD, post-HCT aGVHD, IR vs. HRCR1/CR2) define populations with marked and highly
significant differences in outcome, allowing for consideration of interventional trials for
these patients.

This is the first multicenter study correlating post-HCT flow MRD with relapse adding data
to other studies correlating PCR-based post-HCT MRD with outcomes.3! Measurement of
MRD by flow cytometry is the standard technique across pediatric ALL trials in the US, as it
is well suited for rapid turnover. Negative BM flow MRD after HCT provides reassurance
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regarding relapse for at least a few months, however, high level (= 0.1%) or late (>8months
after HCT) detection of flow-MRD is associated with poor outcome. Although the 6-color
flow cytometry used in this study detected disease uniformly to a level of 0.01% or lower,32
we do not know if these results are directly comparable to PCR methods. We also do not
know whether higher channel flow cytometry or next generation sequencing MRD
approaches33 would modify our conclusions regarding risk, but we anticipate that more
sensitive approaches will only strengthen the predictive ability of pre- and post- HCT MRD.

Because aGVHD alters a given patient’s risk profile, use of the absence of aGVHD as a
criterion to choose a population for post-HCT intervention is an attractive approach. In this
study, the patients most likely to benefit from intervention were those in HR CR1/CR2 with
MRD =0.1% pre-HCT who did not develop aGVHD (overall survival <20%). Of note, the
majority of relapses (58%) occurred in patients who had low (<0.1%) or negative MRD pre-
HCT. Because patients with low/negative MRD pre-HCT and no aGVHD have a relapse
rates >40%, including this population in relapse-reduction studies may be appropriate. If a
strategy of treating post-HCT MRD positivity is adopted for patient selection, our data
suggest that monitoring would need to be performed every 2 months until at least day +450.
Further study using more frequent post-HCT MRD monitoring of later timepoints (from day
+100-+450) is needed to better define the predictive power of this assay after HCT.

Two approaches could be taken for post-HCT intervention. The first would be a
“maintenance” strategy, employing agents that do not require intact adaptive immunity (e.g.
targeted immunotoxins, moxetumomab34 or inotuzumab3®). A second approach includes
two steps: 1) speeding up the rate of immune taper, and if successfully off immune
suppression without significant GVHD, 2) introduction of an agent that uses adaptive
immunity to stimulate a GVL effect or targets cancer (e.g. blinatumomab3® or CAR-
modified T cells37-39). Either approach should occur early post-HCT in order to avoid the
high risk of relapse between day +100 and +450 (Figure 2). Whether such post-transplant
approaches will improve survival requires further study. While some studies have suggested
improved survival with early immunological interventions for worsening mixed
chimerism,%: 41 others using similar interventions for pre-HCT MRD have shown delay in
relapse, but no change in survival 2

In conclusion, we have identified strong interactions between leukemia risk groups, the
occurrence of aGVHD, and MRD pre- and post-HCT in determining relapse risk and
survival in children with ALL after HCT. By day +55, specific populations at very high risk
for relapse can be defined. There is a window between day +55 and day +100-200 when the
large majority of at-risk patients have not relapsed. Study of interventions with maintenance
courses of immunotoxins or weaning immune suppression followed by agents designed to
enhance anti-tumor effect may prevent relapse in appropriately defined high-risk
populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Probability of a) relapse b) event free (EFS) and c) overall survival (OS) in ALL patients

from all risk categories who had pre-HCT flow MRD measured and lived to day +55 after
transplant (n=105). Patients listed as MRD+ had = 0.1% measured by flow cytometry in BM
within 2 weeks initiating their preparative regimen. Patients listed as experiencing aGVHD
had onset of any grade of aGVVHD before day +55. MRD <0.1% and no aGVHD n=51,
MRD <0.1% and yes aGVHD n=37, MRD >0.1% and no aGVVHD n=12, MRD =>0.1% and
yes aGVHD n=5.
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Figure2.

Aalen-Johansen non-parametric patient state probabilities: a) all patients (N=143) are

represented through day +700 after HCT. b) patients with low or absent MRD pre-HCT, and
¢) patients with pre-HCT MRDz= 0.1% measured by flow cytometry in BM within 2 weeks
initiating their preparative regimen. Red and blue lines indicate patients who did (red) or did
not (blue) experience aGVHD by day +55. Solid red and blue lines show patients with
relapse-free survival, dashed lines represent TRM, dot-dash lines represent relapse. Because
TRM was noted to be low in the overall population represented in Figure 2a, patients, this
curve was not included in Figures 2b and 2¢ to emphasize the effect of aGVHD on relapse.

Bone Marrow Transplant. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pulsipher et al.

Y

Page 16

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Event-free survival probability

0.1

0.0

95

MRD Negative

—— -y

p for difference=0.96

82 54 47 23 19
T

0

o

100 200 300 400 500 600 700 800 900 1000
Time since transplant (days)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

Event-free survival probability

0.1

0.0

MRD Negative
MRD Positive |

p for difference=0.58

88 62 55 27 21

100 200 300 400 500 600 700 800 900 1000
Time since transplant (days)

Bone Marrow Transplant. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Pulsipher et al. Page 17

0O

1.0

09 MRD Negative

0.8

0.7
0.6
0.5
0.4

0.3 MRD Positive
0.2

Event-free survival probability

p for difference=0.07
01

00 37 28 25 12 12

0O 100 200 300 400 500 600 700 800 900 1000
Time since transplant (days)

Figure 3.
The effect of post-HCT MRD positivity on event free survival (EFS) when tested at specific

time points after transplant. a) EFS from day +55 by post-engraftment MRD status. At day
+55 patients on study n=131, patients with MRD assessment prior to day +55 (planned day
+30, range day 18-54) n=95, MRD negative n=88, MRD positive n=7. b) EFS from day
+200 by three month MRD status. At day +200 patients on study n=131, patients with MRD
assessment between day +55 and day +200 (planned day +100, range day 76-181) n=95,
MRD negative n=88, MRD positive n=7. ¢) EFS from day +300 by eight month MRD
status. At day +300 patients on study n=93, patients with MRD assessment between day
+200 and day +300 (optional assessment day +240, range day 226-290) n=37, MRD
negative n=31, MRD positive n=6.
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Hazard ratios (95% confidence intervals) for leukemia risk group, pre-HCT MRD, and aGVHD in the

multivariate model.

Table 2

Relapse TRM EFS oS
IR CR2 vs HR CR2 or HR CR1 0.330.12-0.94  0.210.03-1.64 0.300.12-0.75 0.310.11-0.86
Pre-HCT MRD <0.1% vs =0.1% 2.721.23-599 1.410.39-5.05 2.161.11-420 1.800.85-3.82
Grade I-111 aGVHD vs NoaGVHD  0.40 0.19-0.83  0.850.29-2.46  0.48 0.26-0.89  0.56 0.29-1.08
Grade IV aGVHD vs No aGVHD 0.0- 8.332.86-24.27 2.350.97-5.70 2.871.17-7.09

Bone Marrow Transplant. Author manuscript; available in PMC 2015 September 18.

Page 20



Page 21

Pulsipher et al.

(pa1p T) 8UOp 10U QYN ‘ZHD UH ¢ ‘(PBIP ¥) %T°0> QYN ‘24D H ¥ (P3IP T) %T°0> QYN ‘24D dI T :S8W00mno QHADE Al 8pel9
M

(000T—)  %0°00T - (82e-L0) wv'6  (986-80S) %906 li-18peso 1T %T0> 24D >isU alelpawsiu]
(T'16-6'62)  %¥'TL - (z65-86) welz (8T6-908) %8ZL 3UON 8 %T'0> 24D YsH ajelpawlaiu]

(e€,-01) wroe  (T'8e-L€) %89T  (6/8-TT) %.9F (1'08-0T) %S9€E lHi-18pei g %T0X  2dD 40 THD s ybiH
(6'99-6'€T) %80y  (r'se—z€) wI'ST (L06-6'98) %eel (LT€-8T) %LTI BUON 1T %T'02  ¢dD 40 THD MsH ybiH
(L'28-T6E)  %9G9  (89e-SY) %weLT  (0LE-€¥) %0LT (8'78-G'6E) %8G9 li-13peso T2 %T0>  2HD 40 THO YsH ybiH
(8el-Tzy) w66S  (5€z-2€) eIl (€261S2) %8Iy (229-208) %0'Ly 8UON €V %T0> 24D 40 THO MsH ybiH
(9°96-0'09)  %S'./8 - %00 (8YE8Y) %LIT (TV6-6'LG) %E'ES 6T %T'0> 24D YsH ajelpawlaiu]
(To9-€€1)  %e9e  (Ir-19) %60z (L'€8-0%E) %S+9  (0vE—T€) %9vT 91 %T'0  2dD 10 THD sk ybIH
(999-6'T7)  %T'SS (9€e—L€T) %0e€e (LTr-06T) %00E (L'85V¥E) %0Ly 79 %T0> 24D 40 THD sk ybiH

Awigeqoud peaining I NYL slssdepy Aunqegqoidsd43 sGAepAgaHADE N QHIN LOH9Id  dnouo ysiyelweyneT]

"GG Aep 1e 984} asdejau pue aAle sjusited Joj sieaAk g 01 GG Aep wioJ) sanijigeqold awoo1no ayl saAlb pue g Aep o1 Joud
AHADE INOYUM pue UYIIM 3L0INO $3ssasse Led Jamo] 8y L "UOIRIaPISU0D 0jul AHADE 8Xel 10U S80p 3|gel 8yl Jo Led doy 8yl ,'AYIN LOH-84d ‘dnoib
MSU elWaNa| Aq +GG Aep 1e aai)-asdejas pue aAlje siusiied Buowe ANjigeqold [eAIAINS |[eJaA0 pue Nsu YL s asdejal ‘Aljigeqosd S43 Jesk om

Author Manuscript

Author Manuscript

€9lqel

Author Manuscript

Author Manuscript

Bone Marrow Transplant. Author manuscript; available in PMC 2015 September 18.



