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Impact of central nervous system involvement in adult
patients with Philadelphia-negative acute lymphoblastic
leukemia: a GRAALL-2005 study
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Abstract

Whereas the prognosis of adult patients with Philadelphia-negative acute lymphoblastic leukemia (ALL) has greatly
improved since the advent of pediatric-inspired regimens, the impact of initial central nervous system (CNS) involvement
has not been formerly re-evaluated. We report here the outcome of patients with initial CNS involvement included in the
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pediatric-inspired prospective randomized GRAALL-2005 study. Between 2006 and 2014, 784 adult patients (aged 18-59
years) with newly diagnosed Philadelphia-negative ALL were included, of whom 55 (7%) had CNS involvement. In CNS-
positive patients, overall survival was shorter (median 1.9 years vs. not reached, HR=1.8 [1.3-2.6], P<0.001). While there was
no statistical difference in cumulative incidence of relapse between CNS* and CNS™ patients (HR=1.5 [0.9-2.5], P=0.11),
non-relapse mortality was significantly higher in those with initial CNS disease (HR=2.1 [1.2-3.5], P=0.01). This increase in
toxicity was mostly observed in patients randomized to the high-dose cyclophosphamide arm and in those who received
allogeneic stem cell transplantation. Exploratory landmark analyses did not show any association between either cranial
irradiation or allogeneic stem cell transplantation and outcome. Despite improved outcome in young adult ALL patients
with pediatric-inspired protocols, CNS involvement is associated with a worse outcome mainly due to excess toxicity,

without improved outcome with allogeneic SCT.

Introduction

Acute lymphoblastic leukemia (ALL) often involves the cen-
tral nervous system (CNS), which is considered a sanctuary
for leukemic cells. It has been recently shown that ALL cells
could use neural migratory pathways to invade the CNS and
adapt to the CNS microenvironment by modifying metabolic
pathways.? As relapse can develop from occult CNS dis-
ease, CNS-directed therapies such as high-dose methotre-
xate and intrathecal chemotherapy are mandatory in all
patients with ALL whether they have CNS involvement or
not.® At diagnosis, 4-11% of patients with ALL have CNS in-
volvement.*® These patients are more likely to have other
extramedullary site involvement, T-cell ALL, and a higher
white blood cell (WBC) count at diagnosis.*® In adults with
ALL, the prognosis of initial CNS involvement is controver-
sial, but has been associated with higher rates of primary
resistant disease and early death in one series, and with
decreased overall survival in another.*® The role of alloge-
neic stem cell transplantation (SCT) was also controversial
in these two historical series.*®

Whereas more recent studies have shown that CNS involve-
ment is associated with a worse outcome in children with
ALL,*° no study has re-evaluated the impact of CNS in-
volvement in adults in more recent years during which time
they are increasingly receiving pediatric-inspired protocols.”
In comparison to conventional adult protocols, these pedi-
atric-inspired regimens, which include higher doses of cor-
ticosteroids, vincristine, asparaginase, and increased
CNS-directed therapy with lower doses of other cytotoxic
chemotherapy, have greatly improved the outcome of adult
patients.”® Meanwhile, indications for allogeneic SCT have
changed, relying more on measurable residual disease
(MRD).*"" We report here the association of CNS involve-
ment with survival in adults with ALL included in the pedi-
atric-inspired prospective GRAALL-2005 study.

Methods

Patients and settings
The Group for Research on Adult Acute Lymphoblastic

Leukemia 2005 trial (GRAALL-2005) was conducted be-
tween 2006 and 2014 at 57 French, 8 Belgian, and 8 Swiss
centers. This randomized trial evaluated the impact of hy-
perfractionated cyclophosphamide and rituximab in adult
patients aged 18-59 years with ALL without BCR-ABL.*'®
The full GRAALL 2005 protocol is available in Online Sup-
plementary Figure S1. Historical definitions from the
Children’s Oncology Group were used to classify the initial
CNS status based on cerebrospinal fluid (CSF) conven-
tional cytospin (CC) (Online Supplementary Table S7).°
Flow cytometry was not routinely used for CSF evaluation
at diagnosis.

All patients received a 5-drug induction therapy including
native Escherichia coli L-Asparaginase (L-Asp). Patients
in complete morphological remission (CR) received two
consolidation courses including high-dose methotrexate
and high-dose cytarabine. MRD was based on patient-
specific Ig/TCR gene rearrangement monitoring using
standardized quantitative real-time polymerase chain re-
action (QRT-PCR) with a sensitivity of at least 10, cen-
trally performed on bone marrow (BM) samples after the
first induction course. High-risk patients aged <55 years,
defined in the Online Supplementary Methods, were eli-
gible for allogeneic SCT in first CR with a conditioning
regimen including cyclophosphamide and total body ir-
radiation (TBI). Patients in persistent CR who did not pro-
ceed to allogeneic stem cell transplantation (SCT)
received a late intensification followed by one consoli-
dation course and a 2-year maintenance.

CNS-directed prophylaxis included one methotrexate in-
trathecal injection during steroid pre-phase followed by
six triple intrathecal injections. CNS irradiation was rec-
ommended for all patients (i.e., 15 grays for patients pro-
ceeding to allogeneic SCT and 24 grays for other
patients). Besides CNS irradiation, CNS-positive patients
received an additional eight triple intrathecal therapy
during induction and were eligible for allogeneic SCT in
first CR. During induction therapy, they received fewer L-
Asp injections (5 instead of 8) to reduce the risk of CNS
thrombosis.

Informed consent was obtained from all patients at entry
into this trial, which was conducted in accordance with
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the Declaration of Helsinki and approved by the Institu-
tional Ethics Committee Ile-de-France VI, France. This trial
was registered at www.clinicaltrials.gov (NCT00327678).

Statistical analysis

Categorical variables were presented as numbers with
proportions and compared using the x? test or the
Fisher’s exact test, as appropriate. Continuous variables
were presented as medians with interquartile range
(IQR) and compared using the Mann and Whitney and
Kruskal-Wallis tests, as appropriate. Univariable and
multivariable Cox regression models were used to ana-
lyze the association between patients' characteristics
and overall survival (0OS). The Kaplan-Meier method was
used to estimate median OS and survival curves were
compared using the log-rank test. Cumulative incidence
of relapse (CIR; with non-relapse mortality [NRM] as a
competing event) and NRM (death without prior relapse
with relapse as a competing risk) were summarized
using cumulative incidence estimates and compared
using Gray’s test. Cox proportional hazards regression
models were used to estimate cause-specific Hazard
Ratio (HR). Landmark analyses were performed to study
the impact of cranial irradiation and allogeneic SCT."” All
tests were two-sided. P<0.05 was considered statis-
tically significant. Statistical analyses were performed
with R (R Foundation for Statistical Computing, Vienna,
Austria; http:/www.r-project.org).

C. Orvain et al.

Results

Incidence of initial central nervous system involvement
and clinical presentation

Between 2006 and 2014, 784 adult patients with newly di-
agnosed Ph-negative ALL were included of whom 55 (7%)
had initial CNS involvement. The first lumbar puncture was
performed during pre-phase steroid therapy in most pa-
tients (672/784 patients, 86%). CNS-positive patients were
more likely to have T-cell ALL (P=0.004), leukocytes =30x
10°/L (P=0.016), and higher hemoglobin levels (P=0.02)
(Table 1). Most CNS-positive patients (n=47, 85%) were
classified as CNS-3 (>5 white blood cells/ul and a positive
CC and/or clinical signs) whereas 7 patients (13%) were
classified as CNS-2 (<5 white blood cells/ul and a positive
CC) (Table 2). Initial presentation was heterogeneous since
27 patients (49%) had clinical symptoms (9/27, 33% with
concurrent positive CC) and 24 patients (44%) had only
CSF findings. The most prominent clinical sign was tri-
geminal anesthesia that was reported in 41% of patients
with clinical symptoms. Imaging (mostly magnetic reson-
ance imaging), performed in 26 patients (47%), was only
positive in 5: 4 with clinical symptoms and one with CSF
findings.

Association between central nervous system
involvement and outcome
A patient flowchart is shown in Figure 1. First CR rate, in-

Table 1. Characteristics of patients with or without central nervous system involvement.

Characteristic All, N=784
Age, median (IQR), years 36 (25-48)
Female, N (%) 312 (40)

BMI, median (IQR), kg/m?
Phenotype, N (%)

23.6 (21.1-27.2)

B-cell 523 (67)

T-cell 261 (33)
WBC at diagnosis, median (IQR), x10°/L 12 (4-42)
Hb at diagnosis, median (IQR), g/dL 10.2 (8.2-12.3)
PLT at diagnosis, median (IQR), x10%/L 72 (33-154)
Poor early PB blast clearance, N (%) 187 (24)

Not evaluable 3

Poor early BM blast clearance, N (%) 306 (39)
Not evaluable 40
CR, N (%) 722 (92)
Induction death, N (%) 44 (6)
MRD1 negativity, N (%) 126 (16)
Not evaluable 445
Allogeneic SCT in first CR, N (%) 278 (35)

CNS-negative, N=729 CNS-positive, N=55 P
37 (25-48) 30 (24-44) 0.15
294 (40) 18 (33) 0.27
23.7 (21.1-27.3) 23.5 (21.1-26.2) 0.75
0.004
496 (68) 27 (49)
233 (32) 28 (51)
11 (4-41) 23 (9-66) 0.15
10.1 (8.2-12.2) 11.1 (8.8-13) 0.02
72 (32-154) 78 (36-137) 0.16
172 (24) 15 (27) 0.50
8
285 (39) 21 (38) 0.58
36 4
672 (92) 50 (91) 0.79
41 (6) 3 (6) >0.99
119 (16) 7 (13) 0.26
416 29
249 (34) 30 (55) 0.002

BM: bone marrow; BMI: body mass index; CNS: central nervous system; CR: complete remission; Hb: hemoglobin; IQR: interquartile range;
MRD1: measurable residual disease after induction; N: number; PB: peripheral blood; PLT: platelet count; SCT: stem cell transplantation; WBC:

white blood cell count.
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duction death, and achievement of negative MRD after
induction (/g/TCR <10°*) were similar between CNS-
negative and CNS-positive patients (92% vs. 91%, P=0.79;
6% vs. 6%, P=1; 38% vs. 27% in patients in whom MRD
was evaluated, P=0.26, respectively) (Table 1). OS was,
however, shorter in CNS-positive patients (median 1.9
years vs. not reached, HR=1.8, [1.3-2.6], P<0.001) (Figure
2A). OS was similar when patients who received alloge-
neic SCT in first CR were censored at the time of trans-
plant (P=0.01) (Online Supplementary Figure S2A). CNS
involvement at diagnosis was not associated with a stat-
istically different CIR (HR=1.5 [0.9-2.5], P=0.11), but it was
significantly associated with higher NRM (HR=2.1[1.2-3.5],
P=0.01) (Figure 2B, C). Causes of NRM were similar be-
tween CNS-positive and CNS-negative patients, including
infection (69% vs. 52%), transplant-related (13% vs. 15%),
and thrombosis (6% vs. 5%) while two were undeter-
mined in CNS-positive patients (13%). Other causes of
NRM in CNS-negative patients included bleeding (7%),
second cancer (4%), and other causes (4%), while 15
(13%) were undetermined. At three years, 34% (20-47%)
of CNS-positive patients versus 26% (23-29%) of CNS-
negative patients relapsed. CNS-positive patients had a
non-significant higher risk of CNS relapse (6% [0-13%] vs.
2% [1-3%] at 3 years, P=0.095) whereas combined and
isolated BM relapses were similar to CNS-negative pa-
tients (4% [0-10%] vs. 2% [1-3%], P=0.41 and 21% [10-33%]
vs. 20% [17-23%] at 3 years, P=0.79, respectively) (Online
Supplementary Figure S3). However, after censoring pa-
tients at allogeneic SCT, the CIR was higher in CNS-posi-
tive patients (HR=2.2 [1.2 -3.9], P=0.01) whereas there was
no difference in NRM between the two groups (HR=1.4
[0.7-3.1], P=0.4) (Online Supplementary Figure S2B, C).
Because the GRAALL-2005 study randomized patients to
standard (Standard-C arm) and hyperfractionated
(hyper-C arm) cyclophosphamide, we evaluated the im-
pact of the randomization arm in patients with initial CNS
involvement. The characteristics of CNS-positive patients
were similar according to the randomization arm (Online
Supplementary Table S2). The proportion of patients re-
ceiving cranial irradiation (57% vs. 40% for the standard
and hyper-C arms, respectively, P=0.28) and allogeneic
SCT (563% vs. 56%, P=1) was also similar. CNS-positive pa-
tients randomized to the hyper-C arm had shorter OS
(median 1.1 years vs. not reached, P<0.001) whereas CNS-
negative patients had similar outcomes (Online Supple-
mentary Figure S4A). CIR was similar according to the
randomization arm but there was a significant increase
in NRM in CNS-positive patients randomized to the
hyper-C arm (Online Supplementary Figure S4B, C).

Analysis of factors associated with overall survival
In a univariable Cox regression model, age (HR=1.3 [1.2-1.4],
P<0.001), body-mass index (HR=1.4 [1.2-1.8], P<0.001), leu-

C. Orvain et al.

Table 2. Initial clinical and cerebrospinal fluid presentation of
patients with central nervous system involvement.

CNS-positive, N=55
CNS status, N (%)

CNS-2 7 (13)
CNS-3 47 (85)
NA 1
Presentation, N (%)
CSF only 24 (44)
Clinical signs only 18 (33)
CSF + clinical signs 9 (16)
NA 4
Clinical signs, N (%) 27 (49)
Trigeminal anesthesia 11 (20)
Facial paralysis 4 (7)
Paresthesia: extremities 4 (7)
Visual signs 3 (5)
Meningeal syndrome 2 (4)
Motor deficit 2 (4)
Confusion 2 (4)
Radiological signs, N (%)
Present 5(9)
Absent 21 (38)
NA 29

CNS: central nervous system; CSF: cerebrospinal fluid; NA: not available.

kocytes = 30x10°/L (HR=1.4 [1.1-1.7], P=0.1), CNS involve-
ment (HR=1.3 [1.8-2.6], P=0.001), and poor early BM blast
clearance (HR=1.3 [1.1-1.7], P=0.02) were associated with
lower OS (Table 3). The significant association between
CNS involvement at diagnosis and lower OS was also ob-
served in a multivariable Cox regression model (HR=2.1
[1.4-3], P<0.001). Age (HR=1.3 [1.2-1.4], P<0.001) and leuko-
cytes = 30x10%/L (HR=1.4 [1-1.8], P=0.03) were the only two
other factors associated with OS in this multivariable
model (Table 3). After adjustment for randomization arm
in a Cox regression model, initial CNS involvement was still
associated with worse OS (HR=1.8 [1.3-2.6], P=0.002). In
CNS-positive patients, factors associated with OS were
female gender (HR=3.5 [1.5-8.3], P=0.005) and poor early
BM blast clearance (HR=4.4 [1.8-11], P<0.001) after multi-
variable analysis. Neither age nor ALL subtype were as-
sociated with OS after adjustment (HR=1 [0.7-1.4], P=0.8
and HR=1.1 [0.5-2.5], P=0.9, respectively) (Online Supple-
mentary Figure S5).

Post-remission treatment

Twenty-seven (49%) CNS-positive patients received cran-
ial irradiation as part of consolidation therapy, after a
median of 160 days, including 18 patients before allogeneic
SCT. As recommended by the study protocol, patients with
CNS involvement were more likely to receive allogeneic
SCT (55% vs. 34%, P=0.002), after a median interval of 170
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Patients with CNS
involvement (n=55)

Standard-C
(n=30)
N Induction death (n=1), no CR (n=1), allo SCT
(n=2, relapse [n=1], death in CR1 [n=1])
A 4
Consolidation 1
(n=26)
> Relapse (n=2), allo SCT (n=6, ongoing CR1
[n=5], relapse [n=1])
A 4
Consolidation 2
(n=18)
— Relapse (n=3), allo SCT (n=7, ongoing CR1
[n=2], death in CR1 [n=5])

v

Late intensification
(n=8)

—»
v

Consolidation 3
(n=7)

Relapse (n=1)

Ongoing CR1 (n=5),
relapse (n=1),
allo SCT (n=1, ongoing
CRI1 [n=1])

C. Orvain et al.

Hyper-C
(n=25)

> Induction death (n=2), no CR (n=1), relapse
(n=2), death in CR1 (n=1)

A 4

Consolidation 1
(n=19)

> Relapse (n=1), allo SCT (n=4, ongoing CR1
[n=2], death in CR1 [n=2])

\ 4

Consolidation 2
(n=14)

Relapse (n=1), death in CR1 (n=1), allo SCT
(n=9, ongoing CR1 [n=5], relapse [n=2], death

in CR1 [n=2])
\ 4
Late intensification
(n=3)
g Allo SCT (n=1, relapse [n=1])

Consolidation 3
(n=2)

Relapse (n=1),
death in CR1 (n=1)

Figure 1. Flowchart of patients with central nervous system involvement at diagnosis. C: cyclophosphamide; CNS: central
nervous system; CR1: first complete remission; SCT: stem cell transplantation.

days (vs. 142 days for patients without initial CNS involve-
ment proceeding to allogeneic SCT, P=0.003). Twenty-five
CNS-positive patients did not undergo allogeneic SCT, in-
cluding 11 who did not have a suitable donor, seven who
relapsed before allogeneic SCT could be carried out, six
who died from toxicity before allogeneic SCT, and one who
was deemed unfit for allogeneic SCT. We therefore per-
formed two landmark analyses for these patients: one at
day 160 to study cranial irradiation and one at day 170 to
study allogeneic SCT and their association with outcome.
After excluding 14 CNS-positive patients who experienced

an event (relapse, death) before the day 160 landmark
point, there was no difference in OS (HR=0.7 [0.3-1.6],
P=0.4) between patients who received cranial irradiation
and those who did not (Figure 3A). Of nine CNS-positive
patients who received cranial radiation therapy without
allogeneic SCT, only one death resulting from toxicity was
observed. There were 11 relapses, four in those who re-
ceived cranial radiation (2 BM and 2 CNS relapses) and
seven in those who did not (5 BM and 2 combined re-
lapses). In addition, after excluding 16 CNS-positive pa-
tients who had an event before the day 170 landmark
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point, allogeneic SCT was not associated with OS (HR=0.8
[0.3-2.3], P=0.7) (Figure 3B). In a sensitivity analysis, at day
220, when 90% of patients had received allogeneic SCT,
similar results were observed (data not shown).

Discussion

In adults with Ph-negative ALL, the impact of CNS disease
at presentation is controversial with no recent large-scale
series, especially for patients receiving pediatric-inspired
approaches.*® Treatment strategy usually includes CNS-
directed therapy such as intrathecal chemotherapy, high-
dose systemic methotrexate, or cranial radiation therapy

C. Orvain et al.

and/or allogeneic SCT.*® For such patients included in the
prospective randomized GRAALL-2005 trial, we observed
an adverse outcome which seems to be mostly driven by
an increased risk of toxicity, whether due to the hyper-
fractionated cyclophosphamide arm or to allogeneic SCT,
rather than an increased risk of relapse.

As in previous reports, we confirm that CNS involvement
is a rare event in adults at diagnosis (7% of patients).*®In
our study, most patients (85%) were classified as CNS-3,
which contrasts with previous reports in children in which
there was a more balanced distribution or, in some studies,
more patients with CNS-2 disease.?'%?°"?2 \We cannot ex-
clude the possibility that some patients with CNS-2 dis-
ease could have been under-reported in our study while
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Figure 3. Outcomes of patients with
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radiation therapy by a 160-day
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the poor outcome of children with CNS-2 is a question of
debate.?'*?° CSF flow cytometry, which can increase the
likelihood of identifying patients from 6-13% to 18-25%,%*"%°
was not routinely available at a multicentric level at the
time of the GRAALL-2005 study since it requires either
special conditioning or rapid processing.?*?* CNS involve-
ment has been associated with an increased risk of relapse
in some?*25?" put not all studies.?® Garcia et al. reported
that additional intrathecal therapy (twice weekly until the
CSF and symptoms had cleared, then once weekly for 4
weeks) did not mitigate the worse outcome, despite the
rapid clearance of blast cells in the CSF.?¢

In our cohort, the CR rate of CNS-positive patients was
over 90%, similar to historical series, meaning that pa-
tients with initial CNS disease at diagnosis did not have a
more resistant disease.* Moreover, CNS involvement
neither modified induction death rates nor MRD status
after induction, despite patients receiving fewer L-asp in-
jections (5 vs. 8 in patients without CNS disease) to reduce
the rate of CNS thrombosis due to increased intrathecal
treatment. This contrasts with both the MRC UKALL
XII/ECOG E2993 trial, in which patients with CNS involve-
ment had both higher mortality rates in remission and an
increased risk of relapse,* and with a previous study of our
group (GET-LALA) conducted before the pediatric-inspired
treatment era, where the induction death rate was twice
as high (10%) in these patients.®

Patients included in the MRC UKALL XII/ECOG E2993 trial
received intrathecal therapy and cranial radiation as
CNS-directed therapy and were likely to proceed to al-
logeneic SCT.* Their systemic CNS-directed therapy was,
however, less intense, with high-dose methotrexate ad-
ministered later during the treatment course.* In contrast
to this study, our previous GET-LALA trial had showed
that patients with initial CNS involvement receiving auto-
logous or allogeneic SCT had better outcomes than pa-
tients receiving chemotherapy alone. However, the global
results of this older protocol were far inferior to modern
regimens, with few patients receiving systemic chemo-
therapy with good CNS penetration or cranial radiation
therapy.® Moreover, the rate of CNS relapse remained
high after allogeneic SCT, including TBI or TBI-free con-
ditioning regimens, in patients with previous CNS in-
volvement.?®3" Although the number of patients is
limited, this questions whether allogeneic SCT is the
most efficient way to reduce relapse in patients with CNS
disease at diagnosis, as it might for patients with other
high-risk features such as MRD.'

The inferior outcome in our patients with initial CNS dis-
ease was more likely due to toxicity, since higher mortality
in remission was observed in patients who received hyper-
fractionated cyclophosphamide and/or proceeded to al-
logeneic SCT. Due to the small number of patients with
initial CNS disease, these conclusions are, however, specu-
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lative. There is no clear explanation for increased toxicity
of hyperfractionated cyclophosphamide in CNS patients as
it was not observed in the entire cohort of randomized pa-
tients.” Higher NRM was no longer observed after censoring
patients who proceeded to allogeneic SCT, suggesting that
many patients suffered from transplant-related toxicity. On
the other hand, the cumulative incidence of relapse was
higher in patients who did not proceed to allogeneic SCT.
This largely explains why there was no difference in OS be-
tween patients receiving SCT or not in the landmark analy-
sis. It might be argued that, while some relapses may be
prevented with allogeneic SCT, there was no benefit in OS
due to increased toxicity.

Despite our small number of patients with CNS involve-
ment, we found no association between cranial irradiation
during consolidation and outcome in the landmark analysis.
As in other studies, cranial irradiation was recommended
for patients with CNS involvement in many clinical trials
but was seldom performed (27/55 patients in the GRAALL-
2005 study).* In children with initial CNS involvement, the
omission of cranial irradiation was associated with a slight
increase in risk of CNS relapse in some studies but did not
affect overall survival when both intrathecal and systemic
CNS-directed chemotherapy were intensified.'%?2323% Ag
cranial irradiation does not completely mitigate the risk of
CNS relapse but may induce neurocognitive impairment,
many co-operative groups have now abandoned cranial ir-
radiation in all children, including those with initial CNS in-
volvement.??>*3%2 |n one study analyzing the outcome of 467
adult patients with ALL who did not receive cranial irradi-
ation during first-line treatment, the risk of CNS relapse
was not increased in the 18 patients with initial CNS in-
volvement.® To our knowledge, no other study has evalu-
ated the omission of cranial irradiation in adult patients
with overt CNS disease. We could not evaluate the associ-
ation between cranial irradiation and outcomes in CNS-
negative patients as this procedure was not exhaustively
recorded in CNS-negative patients.

In conclusion, despite improved outcome in adults with ALL
included in pediatric-inspired protocols, CNS involvement
is still associated with reduced survival, mainly due to ex-
cessive toxicity. The historical use of allogeneic SCT did not
improve outcome. Because of the rarity of CNS involve-
ment, it is unlikely that different treatment approaches will
be tested in these patients in prospective controlled trials.
However, it will be important to evaluate the outcome of
these patients in the GRAALL-2014 protocol that no longer
retains CNS involvement as an indication for allogeneic SCT.
Whereas the treatment strategy has remained unchanged
for CNS-positive patients, including cranial radiation, our
approach to prophylaxis has been modified in CNS-negative
patients, with higher doses of systemic methotrexate dur-
ing consolidation for patients under the age of 45 and an
additional seven triple intrathecal injections during therapy,
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while cranial radiation is only recommended for patients
undergoing allogeneic SCT.
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