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The complexity of stem cell transplants: can we improve our understanding? 
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Cox regression analysis can be considered a robust,
easy and universal way to calculate the role of
variables on outcome endpoints, such as survival,

disease-free survival, and so on. The Cox model is a semi-
parametric approach based on the strong assumption that
the effects of different variables on survival (or on the par-
ticular endpoint) are constant over time and are additive
in a particular scale.
The setting of allogeneic stem cell transplantation is,

however, complicated by two additional levels that limit
the application of Cox analysis and call for new, more
complex, statistical methods: the first is that some vari-
ables in allogeneic stem cell transplantation are not time-
fixed covariates (such as age, gender, or type of donor)
but develop after a certain interval of time from trans-
plantation, and need to be accounted for as time-depen-
dent. In other words, with a starting population of
patients, some will develop an event (e.g.,
cytomegalovirus infection) and some will not: a compar-
ison of patients with and without cytomegalovirus infec-
tion will need to consider the infection as a time-depen-
dent variable. 
A further level of complexity is provided by competing

events: a competing event is one that precludes the event
of interest from occurring, or significantly changes its
probability. Death before cytomegalovirus infection, is a
clear example of a competing event for cytomegalovirus
infection. Relapse and non-relapse mortality is another
clear example of competing events.
So, there are time-fixed covariates, time-dependent

events, and competing events.
In a study published in this issue of Haematologica,

Fuerst and colleagues have added a fourth level of com-
plexity: they hypothesized that the effect of different
covariates may be different at different intervals from
transplantation, and this is exactly what they found.1

One example is the stem cell source: bone marrow and

peripheral blood as sources of stem cells have been com-
pared in numerous prospective and retrospective studies,
including meta-analyses, to define which is better, and
results have often been conflicting.  Again the complexity
of transplantation does not make comparisons easy: in
the first randomized study2 of patients with low-risk dis-
ease, receiving a myeloablative regimen and HLA identi-
cal sibling grafts, the hazard risk (HR) of death was 1.20
for recipients of peripheral blood compared to bone mar-
row (P=0.2). In a more recent prospective study3 with
unrelated donor grafts, using both myeloablative and
reduced intensity conditioning regimens for patients with
low, intermediate and high-risk disease, the risk of death
was 1.20 for bone marrow versus peripheral blood
(P=0.2).  
Fuerst and colleagues offer a new way of looking into

this particular issue: they found that peripheral blood has
a significant protective effect on non-relapse mortality
early after transplantation, and a significant detrimental
effect later on.1 The time point for a change of effect on
non-relapse mortality was set at 8 months: this means
that patients receiving peripheral blood grafts had a lower
non-relapse mortality within 8 months (HR: 0.75) and a
higher non-relapse mortality beyond 8 months after
transplantation (HR:1.38), which were both highly signif-
icant effects (Figure 1). There was no protective effect of
peripheral blood on relapse, which is the competing
event (Figure 1). The authors also looked at a second
model of competing events (transplant-related mortality
and non-transplant related, or death due to other causes,
including relapses), disproving common beliefs; they
found no protective effect of peripheral blood as com-
pared to bone marrow grafts on deaths due to other caus-
es, which raises the question of whether peripheral blood
should remain the preferred stem cell source in allogeneic
stem cell transplants. Indeed an increased risk of chronic
graft-versus-host disease seems not to be compensated by
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reduced deaths from other causes, and non-relapse mor-
tality is significantly increased in the long-term.
Another debated issue is the comparison between

reduced intensity and myeloablative conditioning regi-
mens, and their effect on relapse and survival.4-5 The
authors found that reduced intensity conditioning regi-
mens protect patients from early non-relapse mortality
(as expected), but this effect is lost after 4 months, and its
competing event, relapse, unfortunately, increases con-
stantly over time. Thus, when using a reduced intensity
conditioning regimen, the clinician must be aware that
the beneficial effect is short-lived and that in the long-
term there is no protection against non-relapse mortality,
with significantly greater risk of relapse. 
In the era of personalized medicine the statistical

approach suggested by Fuerst et al. provides a tool to dis-
entangle the effects of different transplant components.
This in turn gives new answers, sometimes unexpected,
to important questions, such as the lack of reduced
relapse risk using peripheral blood cells, or the significant-
ly increased risk of relapse with reduced intensity condi-

tioning regimens. A better understanding of these compo-
nents lays the basis for a reconsideration of transplant
protocols and the design of tailored clinical trials. 
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Figure 1. Time-dependent effect of
peripheral blood grafts compared to
bone marrow grafts. The box plots rep-
resent the hazard ratio (HR) for non-
relapse mortality (NRM) <8 months
from transplant (0.75; range, 0.68-
0.84) (P<0.001), for NRM >8 months
from transplant (1.38; range, 1.14-
1.66) (P<0.001) and for relapse any
time after transplantation (1.04; range,
0.94-1.15) (P=0.4). This analysis illus-
trates a protective effect of peripheral
blood (PB) on NRM early after trans-
plant; a detrimental effect of PB on
NRM later on, and no effect of PB on
relapse, when compared to bone mar-
row (BM) as a source of stem cells.


