
and hemolysis measured by LDH. There
were also several key secondary end
points that included a standardized as-
sessment of fatigue as well as major
adverse vascular events that included
thrombosis. Ravulizumab met the pre-
specified noninferiority threshold with
73.6% of study participants avoiding
transfusion whereas 66.1% of those re-
ceiving eculizumab avoided transfusion.
LDH normalization was 53.6% in the
ravulizumab arm and 49.4% in the ecu-
lizumab arm, which also met prespecified
noninferiority criteria. In addition, non-
inferiority was also achieved for all
4 secondary end points: change in
LDH, change in fatigue, breakthrough
hemolysis, and hemoglobin stabiliza-
tion rate.

The most frequently reported adverse
event in the 301 study was headache,
with similar rates across both treatment
arms (ravulizumab 36% and eculizumab
33.1%). Importantly, there were no cases
of meningococcal infections, although
one patient receiving ravulizumab ther-
apy developed leptospirosis and another
developed a serious systemic infection
with no known cause.

In the 302 study, patients with PNH who
previously received complement therapy
with eculizumab were randomly assigned
to either continue eculizumab mainte-
nance dosing once every 2 weeks
(n 5 98) or switch to ravulizumab with a
loading dose on day 1 followed by
maintenance doses on day 15 and then
once every 8 weeks for 26 weeks (n5 97).
After the initial 26 weeks of therapy, all
patients received ravulizumab for 2 years
as part of an extension study. Ravulizumab
met the prespecified noninferiority
criteria for the primary outcome of
percentage change in LDH as well as
noninferiority criteria for the same key
secondary end points as in the 301 study.
As in the 301 study, the most common
adverse event in the 302 study was
headache (26.8% in the ravulizumab arm
and 17.3% in the eculizumab arm), and
none of the patients developed menin-
gococcal infection.

Because ravulizumab has a terminal half-
life of approximately 32 days, it is not
surprising that study participants who
received it experienced fewer break-
through hemolysis events. The 8-week
maintenance dosing schedule is likely to
be well received by patients, although

issues of cost and equitable patient ac-
cess will need to be addressed. Cur-
rently, the average wholesale acquisition
cost of eculizumab is around $19500 US
dollars for each maintenance dose and
the cost of ravulizumab has yet to be
announced.8 Because efficacy and safety
outcomes for ravulizumab are similar to
those for eculizumab, the cost-effectiveness
of ravulizumab will depend on patient
preferences concerning the dosing sched-
ule, symptoms related to breakthrough
hemolysis, and the final acquisition cost.
Key next steps include seeking FDA
approval and evaluating the efficacy of
ravulizumab in atypical hemolytic uremic
syndrome, another key patient pop-
ulation for complement inhibitor therapy.
Although none of the patients in the
phase 3 studies developed meningo-
coccal infection, it is important to note
that 2 patients in the earlier phase 1b/2
studies did develop meningococcus,
so clinicians will need to remain vigilant
regarding vaccination, antimicrobial pro-
phylaxis, and ongoing surveillance in any
patient receiving complement inhibitor
therapy.

Overall, ravulizumab is noninferior to ecu-
lizumab for treating PNH in patients naive
to complement inhibitor therapy and those
who previously received eculizumab. With
a favorable dosing schedule and fewer
episodes of breakthrough hemolysis,
ravulizumab is an attractive option for
patients with PNH who require comple-
ment inhibitor therapy.
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Comment on Koch et al, page 566

Functional profiling to
improve therapy in TCL
Kojo S. J. Elenitoba-Johnson | University of Pennsylvania

In this issue of Blood, Koch et al1 demonstrate the utility of an integrated
functional biomarker-driven approach for the selection of candidate drugs
and combinations that may be effective in the treatment of T-cell lymphomas
(TCLs) (see figure). Specifically, they combine a functional screening strategy
assessing susceptibility to BH3 mimetics and BCL2 family inhibitors and
conventional chemotherapy to predict sensitivity of TCLs to a combination
regimen.

A critical goal of precision oncology is
to tailor therapies to malignancies that
exhibit maximal susceptibility to the

selected agent. Traditional approaches
for assessing context-specific sensitiv-
ity of cancers to specific drugs have
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relied upon detection strategies target-
ing structural biomolecules, such as
nucleic acids or proteins expressed in
the tumor sample. Although biomarker
strategies that are exclusively based on
genomic or protein expression are pre-
dictive in many instances, they may not
offer a functional indication of the efficacy
of the biomarker-directed therapy in
a clinically relevant context. Thus, the
development and implementation of
functional strategies to evaluate the
vulnerability of tumors to specific drugs
and drug combinations are critically
needed.

Accordingly, functional strategies to ex-
plore therapeutic vulnerabilities in can-
cers are being increasingly explored
to directly interrogate which drugs may
yield themost optimal killing efficiency for
treating specific malignancies.

Peripheral TCLs represent a diverse cat-
egory of poorly understood malignant
lymphomas. The diversity of entities en-
compassed within the TCL category is
reflected in the World Health Organiza-
tion classification, which recognizes 29
subtypes, including cutaneous and pe-
ripheral TCLs,2 with aggressive subtypes
exhibiting especially poor clinical out-
comes. In this regard, most patients
treated with anthracycline-based induc-
tion chemotherapy, such as CHOP (cy-
clophosphamide, adriamycin, vincristine
andprednisone), do not achieve remission

or suffer disease relapse within 2 years of
completing front-line therapy.3 Further,
the overall survival of relapsed/refractory
disease is quite poor, and treatment with
newly approved drugs has not resulted
in improved outcomes.4 The dismal out-
comes, as well as the desirable goal of
administering more effective and less
toxic personalized therapeutic strategies,
necessitate the development of novel
efficacious therapies and better ways to
identify to which drugs patients’ tumors
are most sensitive.

Apoptosis is an important mechanism of
cancer cell death and is induced by anti-
apoptotic peptide inhibitors and cytotoxic
chemotherapeutic agents.5 For apoptosis
to occur, the proapoptotic molecules BAX
and BAK oligomerize to form pores that
facilitate permeabilization of mitochon-
drial outer membranes. BH3 profiling
offers a strategy to interrogate whether
intact cells exposed to BH3 peptides,
alone or in combination with other ther-
apeutic agents, are primed or undergoing
apoptotic cell death.6 BH3 profiling in-
volves utilization of a library of synthetic
peptides largely derived from the BH3
domains of the different proapoptotic
BCL2 family members to assess the ability
for cells to undergo mitochondrial outer
membrane permeabilization (MOMP), an
irreversible stage in the induction of ap-
optosis.7 Following treatment with a
specific peptide or drug, the ensuing re-
lease of mitochondrial cytochrome C is

used as an indicator of MOMP. The ap-
proach requires preparation of single-cell
suspensions of the tumor cells and ex vivo
treatment with individual drugs or drug
combinations that are being considered
for therapy. Cell death within 16 hours of
exposure to a drug or drug combination in
cell line, murine, and human clinical exper-
iments suggests that this approach could
predict in vivo response to therapy.7 This
provides a valuable tool for selection of
drugs to which the tumors are suscep-
tible in a clinically relevant timeline and
context.

CHOP-based chemotherapy achieves
,40% curative success, and this under-
scores the need for more effective and
optimally personalized therapeutic strat-
egies in TCL. Thus, Koch et al leveraged a
BH3-profiling approach to investigate the
utility of BH3 peptides in the combina-
torial therapy of patients with TCL.

The concept of targeting the BCL2 and
apoptosis-related family for cancer ther-
apy is gaining increasing consideration.8

Koch et al observed a heterogeneous
expression pattern among key proteins
involved in the mitochondrial apoptosis
pathway in 8 subtypes of TCL. Whereas
the abundance of the antiapoptotic BCL2
family members based on immunoblot-
ting or transcript levels correlated poorly
with the activity of the BH3 mimetics,
BH3 profiling reliably predicted sensi-
tivity to BH3 mimetics in vitro and in vivo.

BH3 mimetic profiling
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Functional precision medicine for patients with TCL using BH3 mimetic profiling. Functional profiling of T-cell lymphoma–derived cell lines was utilized to screen for cell
susceptibilities to BH3mimetics and BCL2 family inhibitors which can be used in combination with conventional chemotherapeutic agents. The figure has been adapted from the
article by Koch et al that begins on page 566.
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Koch et al also observed significant cor-
relation between BH3-profiling sensitiv-
ities and vulnerability scores obtained
from previously existing CRISPR/Cas9
dropout screens performed on TCL-
derived cell lines. Further, their studies
demonstrated that most TCL-derived cell
lines exhibited selective dependence on
MCL1. TargetingMCL1 for cancer therapy
is emerging as an attractive vulnerability
target.9 The use of CHOP1MCL1 inhibi-
tion as a novel therapeutic regimen for
TCLs has not been well explored and
could improve the poor outcomes ob-
served in TCLs. Accordingly, they focused
the study on targeting of MCL1 and
specifically evaluated the therapeutic
efficacy of an MCL1 inhibitor in TCL
contexts using TCL-derived cell lines
and PDX models. The studies indicate
that MCL1 inhibition by the selective
inhibitor AZD5991 in patient-derived
mouse xenografts significantly re-
duced tumor size (60%). However, the
occurrence of tumor regrowth following
drug withdrawal rationalized exploration
of augmentative effects when combined
with conventional chemotherapy. Ac-
cordingly, the authors went on to show
tumor reduction following treatment
with the MCL1 inhibitor (AZD5991) com-
bined with CHOP, resulting in better sur-
vival compared with outcomes observed
with either regimen alone. Importantly,
this combination therapeutic approach
(AZD59911CHOP) was selective in ef-
ficacy and did not produce significant
response in tumors that were not addicted
to MCL1.

Although a notable major contribution
of this article is demonstration of the
utility of a functional biomarker-based
strategy for identification of the most
efficacious drugs or combinations for tar-
geted therapy of TCL, it is worth noting
that the principles underlying this strategy
are generalizable in many scenarios in
precision oncology. Nevertheless, limi-
tations include the reliance on in vitro
techniques, which, by their nature, ex-
clude the contribution of the microenvi-
ronment. Further, the timelines for
generation of PDXs and the immuno-
deficient mouse backgrounds in which
they are propagated represent potential
challenges with operationalization in clini-
cally relevant settings. Notwithstanding,
the utilization of functional biomarker-driven
strategies for the selection of drug(s) with
efficacy represents a major advance in the
practice of precision oncology.
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Comment on Edwards et al, page 588

Roman warfare: targeting of
support cells in AML
Catherine C. Smith | University of California San Francisco

In this issue of Blood, Edwards et al identified abolishment of colony-stimulating
factor 1 (CSF1)–mediated supportive paracrine signaling as a potential novel
therapeutic strategy in acute myeloid leukemia (AML). “Famine makes greater
havoc in an army than the enemy, and is more terrible than the sword.” This
maxim, penned by the Roman writer Vegetius, describes the Roman military
principle of depleting enemy resources to increase one’s likelihood of victory.
Although this approach was developed for wars involving troops and sieges,
Edwards et al have identified amechanism bywhich it could be usefully applied
to treating AML.1

The bone marrow microenvironment
has long been suspected to play a role
in AML pathogenesis and protection
from therapy.2 Clinically, patients with
clearance of circulating leukemic blasts
after treatment are frequently found to
harbor significant residual bone marrow
disease, suggesting that bone marrow
environment factors play a key role in
shielding AML blasts from the cytotoxic
effects of therapy. However, efforts to
improve clinical responses to chemo-
therapy by mobilizing blasts out of the
bone marrow environment have proved
to be largely unsuccessful.3 In the case
of targeted therapy, endogenous cytokines

such as FLT3 ligand4 and FGF5 have been
implicated in resistance to small-molecule
FLT3 inhibitors, but the source of these
protective cytokines has not been de-
finitively identified. Regardless, mul-
tiple cell types in the bone marrow
niche have been implicated in providing
a permissive environment for leukemia
cell survival and proliferation.6,7 Until
now, a role for therapeutic targeting of
leukemia-supporting rather than actual
leukemia cells has not been previously
explored in AML.

In functional genetic and small-molecule
screens to identify novel AML targets,

506 blood® 7 FEBRUARY 2019 | VOLUME 133, NUMBER 6

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/133/6/504/1750580/blood889741.pdf by guest on 31 M

ay 2024

https://doi.org/10.1182/blood-2018-12-889741
http://www.bloodjournal.org/content/133/6/588
http://www.bloodjournal.org/content/133/6/588

