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Improving the safety of platelet transfusions by UV-C: let’s go back to the bench
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Technologies for pathogen reduction in blood compo-
nents have been under development for more than 30
years, with the aim of mitigating the infectious risks

of blood transfusion. They are based on the principle of inac-
tivating all nucleic acids in the blood unit (including intra-cel-
lular), to prevent the replication of any possible pathogen.
This is particularly desirable to protect platelet transfusion
recipients, who are at higher risk of septic reactions. In fact
platelets - differently from other blood products which are
kept refrigerated or frozen -  are stored at room temperature,
thus increasing the risk of bacterial growth. 
As recently outlined, designing and conducting clinical tri-

als on pathogen reduced platelets is not straightforward.1,2 In
principle, studies should aim to demonstrate that pathogen-
reduced platelets are more effective than standard platelets in
preventing transfusion-transmitted infections. However,
demonstrating such an advantage is considered unrealistic:
given the unprecedented levels of blood safety, too many
participants would need to be enrolled to achieve an ade-
quate statistical power. Thus, the antimicrobial efficacy of
these techniques is taken for granted from in vitro studies, and
aims are set on the efficacy of platelet transfusion: i.e.,
whether or not pathogen-reduced products retain their abili-
ty to increase platelet count, prevent bleeding and do not
overly increase product need. Trials are generally based on a
non-inferiority hypothesis, because pathogen-reduced
platelets are not expected to provide better hemostatic effi-
cacy than conventional platelets.3

Two pathogen-reduction techniques based on photochem-
ical treatment of platelets, amotosalen plus UV-A light
(Intercept, Cerus) and riboflavin plus UV light (Mirasol,
TerumoBCT) – have already been tested in several random-
ized studies of prophylactic transfusion in thrombocytopenic
patients. As summarized in a Cochrane systematic review
the treatment with either of these two methods does not
seem to cause higher rates of bleeding, death, or serious
adverse events in recipients.2 However, it is associated with
approximately 20% lower post transfusion platelet count
increments, shorter transfusion intervals and higher rates of
refractoriness to platelet transfusions.2,4 This, together with
concerns about the long-term safety profile of amotosalen or
riboflavin and cost, have hampered the widespread introduc-
tion of pathogen-reduction techniques in many countries. 
Another pathogen reduction method, the Theraflex sys-

tem (Macopharma S.A.S.), has more recently been devel-
oped. In contrast with Mirasol and Intercept, it is based on
simple UV-C irradiation of platelets, without the addition of
photoactive substances. The article by Brixner and colleagues
in the current issue of Haematologica5 reports the results of the
first clinical study comparing the efficacy and safety of UV-C
treated platelets to standard platelets (the CAPTURE trial). In
a non-inferiority trial, the working group selected as primary
endpoint the 1-hour corrected count increment (CCI),  a
measure of response to platelet transfusion that “corrects”

the post-transfusion increase of platelet count  for blood vol-
ume and number of platelets transfused, and set the accept-
able inferiority margin at 30%. 
From a methodological point of view, the trial was well

designed and well conducted, and the authors should be
commended for their effort. The main sponsor of the study
was a non-commercial institution, the Research Foundation
of the German Red Cross Blood Services. The working group
successfully enrolled 175 patients  (slightly more than the
166 planned), in 10 clinical centers. Patients were evaluated
in up to eight per-protocol platelet transfusion episodes, and
the percentage of off-protocol transfusions was kept low
(about 5% in both arms). Both aphaeresis and buffy-coat
derived platelet pools were used, reflecting the standard
transfusion practice in Europe. Perhaps, the main limitation
of the CAPTURE study was the choice of 1-hour CCI as pri-
mary endpoint. CCI is commonly used as a surrogate out-
come for platelet transfusion efficacy, but its correlation with
clinical efficacy has not been documented.1 Theoretically,
bleeding endpoints graded according to World Health
Organisation system would have been more appropriate.
However, reliable grading is not easy to standardise and
apply, especially in a context of independent studies involv-
ing multiple evaluation sites.1,3,6 However, CCI has been used
in most previous trials on platelet concentrate pathogen-
reduction,2 which makes it acceptable for this initial evalua-
tion of the Theraflex system. 
The results of the CAPTURE trial are of great interest. In

an intent-to-treat analysis, the mean 1-hour CCI was 12.7
(95% CI: 11.42-13.97) in the patients receiving UV-C treated
products, and 15.53 (95% CI: 14.88-16.88) in those receiving
conventional platelets. This accounted for a mean difference
of 18.24% (95% CI: 6.4-30.8) between the two groups.
Similar results were obtained using a per-protocol analysis.
Thus, non-inferiority of pathogen-reduced platelets com-
pared to the standard of care cannot be claimed, despite a
narrow margin well below the pre-trial defined limit of 30%.
In other words UV-C-treated platelets were clearly less effec-
tive than standard platelets in increasing post transfusion
counts.7 In addition, patients in the experimental treatment
arm received 25% more platelet transfusions, seriously
affecting treatment costs, and patients receiving pathogen-
treated platelets had a higher frequency of low-grade trans-
fusion-related adverse events (probably related to the higher
transfusion requirements). No differences between the two
treatment arms were observed with regards to the incidence
of platelet alloimmunization and serious adverse events
(including severe bleeding episodes), but it should be empha-
sized that the trial was not adequately powered for detecting
them. Therefore, as correctly stated by the authors, no firm
conclusions on safety could be drawn on the basis of the
CAPTURE data. 
Theraflex received the CE mark in 2009, but has not yet

been commercialized. Certainly the evidence emerging from
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the CAPTURE study mitigates the introduction of this
new technology in clinical practice. Well designed clinical
trials obtain their credibility from the definition of a priori
hypotheses that helps researchers to avoid drawing
wrong conclusions, and negative results are as useful as
positive results in guiding medical treatments.  
However, even when the primary outcome of a clinical

trial fails, new research opportunities open up.8

Hopefully, a  careful analysis of the CAPTURE data will
lead to future research in the field. Additional laboratory
studies are probably required to i) gain further insight into
the damage that UV-C irradiation causes to platelets apart
from pathogen inactivation and to ii) develop strategies to
improve the quality of Theraflex treated products.  
Concerns regarding the possible transfusion transmis-

sion of SARS-CoV-2 at the beginning of the ongoing pan-
demic have revamped the interest in approaches capable
of protecting the blood supply from known and newly
emerging threats.9 As Brixen and colleagues remind us,
safe and effective pathogen reduction methods are still an
unmet need.
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Over 30 years ago, Huang and colleagues published
the startling result that all trans-retinoic acid
(ATRA) could induce clinical remissions without

myelosuppression in patients with acute promyelocytic
leukemia (APML).1 Analysis in this report and subsequent
analysis demonstrated that responses are due to induced
differentiation of the leukemic clone and not the induc-
tion of cell death in the malignant cells. This work intro-
duced the concept of differentiation therapy to the world
of leukemia therapeutics. Other recently developed ther-
apeutics for acute myeloid leukemia (AML) including
FLT3 and IDH inhibitors in some patients with the target-
ed mutations are now known to induce differentiation.2,3

However, there remain two outstanding questions in this
field that stem from those original remarkable observa-
tions. First, what is the role of retinoic acid or its deriva-
tives in controlling normal myeloid maturation? Second,
how can this information be used to develop retinoic acid
based therapeutics for non-M3 AML? di Martino and col-
leagues provide exciting new insights into these ques-
tions in this issue of Haematologica.4

To understand the complexity of these questions, it is
valuable to first briefly introduce how retinoids and their
derivatives function. Conceptually, retinoic acid (RA)

functions through one of the retinoic acid receptors (RAR)
which are members of the nuclear hormone receptor
family. To simplify, binding of RA to the RAR induces
binding to DNA. Commonly, this binding leads to recruit-
ment of factors that promote gene transcription (such as
histone acetyl transferases) and displacement of
inhibitors of transcription such as nuclear receptor core-
pressor (NCOR1). There are many levels of complexity in
these gene regulatory events.5 Importantly, there are actu-
ally three isoforms of RAR. RAR can function as homod-
imers, heterodimers with themselves or heterodimers
with other members of the nuclear hormone receptor
superfamily including retinoic X receptors (RXR), Vitamin
D receptors (VDR) and peroxisome proliferator activated
receptor (PPAR). Thus, there are many combinatorial pos-
sibilities for gene targets and multiple levels of redundan-
cy that have made defining the specific role of the nuclear
hormone receptor superfamily in myeloid maturation and
leukemia therapy challenging. 
To address these questions, Di Martino and colleagues

first use a murine model of AML induced using the
KMT2A fusion protein, KMT2A-AF9. The leukemic cells
were transduced with reporter constructs that are quite
specific for activation by isoforms of RAR or RXR, trans-
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