
on the patients’ quality of life, as the oc-
currence of thromboembolism has been
shown to add significant burden to patients
with cancer.10

Finally, patients receiving ICI should be
informed about signs and symptoms of
ATE/VTE and instructed to seek immedi-
ate medical attention, to allow for prompt
diagnostic and therapeutic workup for
suspected thromboembolism.

All evidence taken together, Moik et al
spotlight an important and underestimated
safety issue of ICIs. Readers and prescribers
are encouraged not only to study this article
carefully but to include the question of
thromboembolism in their daily treatment
considerations and to invest further re-
search into this important topic.
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Unraveling the lung
metatranscriptome in HCT
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In this issue of Blood, Zinter et al report results of metatranscriptomic se-
quencing of bronchoalveolar lavage fluid (BALF) from asymptomatic pediatric
hematopoietic cell transplantation (HCT) candidates.

Zinter et al correlate microbe-host gene
expression clusters with posttransplant
lung injury, a clinically significant outcome
associated with high morbidity and mor-
tality.1 The investigators used a large set of
highly unique clinical samples and applied
parallel and integrative analyses of host
gene expression and microbiome data to
identify specific metatranscriptomic clusters
associated with posttransplant outcomes.
The main finding from this innovative ap-
proach was that pediatric HCT candidates
with viral enrichment, microbial depletion,
immune activation, and response to cellular
injury are more likely to develop post-
transplant lung injury. The authors suggest
that identification of high-risk patients
through pretransplant BALF metatran-
scriptomic analysis may open a window of
opportunity for targeted therapy that can
influence posttransplant outcomes.

These findings are consistent with several
lines of evidence that indicate the detri-
mental impact of pretransplant respiratory
viral infections on long-term pulmonary
outcomes in both pediatric and adult
patients. Interestingly, in contrast to other
studies,2-4 detection of rhinovirus, by far
the most common respiratory virus de-
tected in HCT candidates and recipients,
was not associated with poor posttrans-
plant clinical outcomes, perhaps because
only asymptomatic individuals were in-
cluded in this study. Regardless, given the
high rate of respiratory viral detection
in pediatric HCT candidates, additional

evaluation of the relationship between
detection of specific viruses in the context
of microbiome composition and host in-
flammation may assist in refining proto-
cols to delay transplantation or provide
targeted therapy, even in asymptomatic
individuals.

By combining microbial metagenomic
sequencing with host gene expression
data, Zinter et al provide a more com-
prehensive look into the interplay among
the microbiome, respiratory pathogens,
and immunity and investigate the impact
of these interactions on clinical outcomes.
Most studies in the HCT population have
evaluated the gut microbiome for this
purpose, with several studies suggesting
that alterations in the intestinal microbiota
are associated with poor posttransplant
outcomes, including the development of
severe respiratory viral disease.5-7 Evalu-
ation of local host-microbe interactions
is therefore highly relevant and represents
a novel approach for understanding the
potential mechanisms driving the patho-
genesis of posttransplant lung injury.

For meaningful use in the clinical setting,
several challenges with interpretation and
application of BALF metatranscriptomics
must be addressed (see figure). First, rig-
orous validation studies with both pediatric
and adult cohorts are needed to confirm
the association between the identified
metatranscriptome clusters and lung injury.
If validation studies consistently identify
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similar biologically plausible signatures,
the next step in the field would be, as the
Zinter et al suggest, to identify specific
pathways for interventions that positively af-
fect patient outcomes. Potential approaches
include pathogen-directed therapy (ie,
against respiratory viral pathogens),
agents to improve local microbial diversity
(ie, with pre- or probiotics), and host im-
mune modifiers. In addition, such data
could simply be used to inform rational
decisions about delaying transplantation.
Ideally, these approaches would be
evaluated in well-designed clinical trials
with clearly defined time points for in-
tervention and appropriate clinical end
points. Second, pretransplant BALF is not
routinely obtained in asymptomatic HCT
candidates. Most often, bronchoalveolar

lavages (BALs) are performed to identify
an infectious agent causing either symp-
toms or radiographic changes, especially
in pediatric patients, in whom BALs are
performedat a lower frequency than in the
adult population. Changing this long-
standing clinical practice can have its ob-
stacles. Importantly, there is increasing
evidence that bulk and single-cell RNA
sequencing of peripheral blood can be
leveraged to assess pulmonary disease
severity in patients with respiratory viral
infections, including influenza, respiratory
syncytial virus, and SARS-CoV-2.8-10 If ap-
propriate validation studies are performed
that include immunocompromised pop-
ulations, transcriptomic signatures from
peripheral blood may represent a more
practical tool for predicting lung injury.

Similarly, obtaining specimens from more
accessible locations, such as the upper
respiratory or gastrointestinal tract, may be
a more pragmatic approach to evaluating
potential associations between the micro-
biome and outcomes.

Additional challenges remain in the use of
complex high-dimensional data, such as
host transcriptomic and microbiome se-
quencing data. Data acquisition, including
timing and method of sample collection,
and analysis pipelines should be harmo-
nized to generate accurate, reproducible
data that have biologic and potential
clinical significance. Data harmoniza-
tion is another reason that independent
validation studies are paramount for
extending the findings of Zinter et al.
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Using metatranscriptomics from BALF to predict posttransplantation lung injury in pediatric HCT candidates: innovations and challenges.
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The validation cohort presented in this
study takes the first step by confirming
the metatranscriptomic clusters estab-
lished in the primary cohort; however,
outcome validation is also needed. Fur-
thermore, currently, the cost and time
needed to generate and analyze large-
scale sequencing data are substantial,
and the analysis requires significant
expertise. Thus, the predictive value of
metatranscriptomic data should be
compared with known risk factors for
the outcome of interest in order to criti-
cally evaluate the added benefit of per-
forming complex and costly molecular
fingerprinting.

Overall, Zinter et al have demonstrated the
prognostic utility of assessing pulmonary
host-microbial signatures from pretrans-
plant BALF on posttransplant clinical out-
comes in a high-risk pediatric population.
Although there are several limitations in the
generalizability of their approach for clinical
applications, this study represents an excit-
ing step in moving the field toward multi-
dimensional pretransplant risk assessment,
which may lead to targeted, preventative
interventions that reduce serious pulmonary
morbidities in patients who undergo HCT.
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