
Special Report

High-risk chronic lymphocytic leukemia in the era of
pathway inhibitors: integrating molecular and
cellular therapies
Peter Dreger,1,2 Paolo Ghia,3,4 Johannes Schetelig,2,5,6 Michel van Gelder,2,7 Eva Kimby,8 Mauricette Michallet,9 Carol Moreno,10

Tadeusz Robak,11 Stephan Stilgenbauer,12 and Emili Montserrat,4,13 on behalf of the European Research Initiative on CLL (ERIC) and the

European Society for Blood and Marrow Transplantation (EBMT)

1Department Medicine V, University of Heidelberg, Heidelberg, Germany; 2European Society for Blood and Marrow Transplantation, Leiden, The Netherlands;
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High-risk chronic lymphocytic leukemia (CLL) has been
defined by clinical and/or genetic resistance (TP53 ab-
normalities) to treatment with chemoimmunotherapy
(CIT). With the availability of pathway inhibitors (PIs), such
as kinase inhibitors and BCL2 antagonists, the outlook of
CIT-resistant patients has dramatically improved. Here,
we propose a revision of the concept of high-risk CLL,
driven by TP53 abnormalities and response to treatment
with PI. CLL high-risk-I, CIT-resistant is defined by clinically
CIT-resistant disease with TP53 aberrations, but fully re-
sponsive to PI. This category is largely the domain of

PI-based therapy, and cellular therapy (ie, allogeneic he-
matopoietic cell transplantation) remains an option only in
selected patients with low individual procedure-related
risk. In CLL high-risk-II, CIT- and PI-resistant, characterized
by increasing exhaustion of pharmacological treatment
possibilities, cellular therapies (including chimeric antigen
receptor-engineered T cells) should be considered in pa-
tients eligible for these procedures. Moreover, molecular
and cellular therapies are not mutually exclusive and could
be used synergistically to exploit their full potential. (Blood.
2018;132(9):892-902)

Introduction
Chronic lymphocytic leukemia (CLL) has been considered as
high-risk if 1 or more of the following conditions are met: (1)
disease refractory to purine analogs; (2) disease relapsing within
2 years after chemoimmunotherapy (CIT); and (3) disease with
deletion and/or mutation of the TP53 gene.1-4 Recently, pathway
inhibitors (PIs), such as inhibitors of Bruton tyrosine kinase (BTKis),
phosphatidylinositol 3 kinase (PI3Kis), and BCL2 (BCL2is), have
dramatically improved treatment options for patients with high-
risk CLL.

In 2014, our 2 societies published some guidance for counseling
patients with high-risk CLL at a time point when experience with
PIs was limited.5 Since then, PIs became broadly available, and
long-term data on treatment results are emerging. Moreover,
chimeric antigen-receptor-engineered T cells (CAR T cells) have
entered the stage as a novel form of targeted cellular immu-
notherapy (CI) for B-cell malignancies, including CLL.

Given these potent novel treatment options, the traditional CIT-
based high-risk definition might be no longer appropriate for
identifying CLL patients who are in need for more aggressive or

experimental therapy. Here we propose a reformulation of the
criteria defining high-risk CLL along with a treatment algorithm
according to this new definition. For reasons of practicability,
only approved PIs have been taken into account.

Current evidence
Pathway inhibitors
BTKi Ibrutinib is the only BTKi currently approved for CLL.

Efficacy The reported overall response rates (ORRs) to ibrutinib
monotherapy in patients with relapsed/refractory (R/R) CLL are
excellent (80%-95%), but only#10% achieve complete response
(CR), and the proportion of patients with clearance of minimal
residual disease (MRD) is negligible. Two-year progression-free
survival (PFS) and overall survival (OS) estimates are reproducibly
between 65% to 80%, and ;80%, respectively (supplemental
Table 1, available on the Blood Web site).6-10 In the study with
the longest observation time, 5-year PFS and OS rates were 44%
and 57% in 101 patients with R/R CLL, respectively.6,10 However,
there is no plateau in the remission duration curves, and ibrutinib
continuously needs to be withdrawn because of toxicity, CLL
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progression, or Richter transformation (RT).9,11 Disease control is
much better if ibrutinib is used as first-line therapy in treatment-
naı̈ve (TN) patients, with PFS rates .85% at 2 years and
beyond,10,12 even in the presence of TP53 alterations, although
data on larger number of patients with extended follow-up are
needed.13

Prognostic factors Deletions and/or mutations of the TP53 gene
are currently the only accepted predictive biomarkers in CLL.
Most patients with TP53 lesions respond poorly to CIT. In
contrast, response rates to ibrutinib are not affected by TP53
lesions.14 However, TP53 defects seem to facilitate not only the
development of mutations of BTK or PLCg2 conferring ibrutinib
resistance,8,15-18 but also of alternative mutations driving clonal
evolution.19 Patients with TP53 lesions have shorter remission
duration if treated with ibrutinib in the R/R setting (2-year
PFS,55%-75%) (Table 1).6,7,10,13,20,21

Deletion 11q was associated with inferior PFS in the pivotal
ibrutinib trial,6 but this could not be confirmed in subsequent
studies.7,8,22 More recently, complex karyotype (CK) has been
rediscovered as an adverse factor for CLL outcome.22-24 Al-
though there are data suggesting that CK in the absence of TP53
aberrations does not affect duration of response to ibrutinib,10,22

CK may augment the adverse effect of TP53 lesions on response
duration.17,20 Data on the impact of clinical parameters, such as
age and pretreatment lines, on duration of response to ibrutinib
are still inconsistent.10,17,20,25 Dose adherence appears to be
crucial for ibrutinib treatment success.26

Safety The most important adverse events (AEs) resulting in
treatment discontinuation are infections/pneumonitis, atrial fi-
brillation, and bleeding events, each accounting for up to 25% of
all AE-related discontinuations.27-29 Atrial fibrillation risk may be
less critical with a second-generationBTKi, such as acalabrutinib.30,31

In addition, ventricular arrhythmias on ibrutinib have been re-
ported.32 In clinical trials, the proportion of patients dying on
therapy (not necessarily related to therapy) in the absence of CLL
progression has been consistently small (5%-10%).6-8,33 The risk of
treatment-emergent autoimmune hemolytic anemia is low.34

Recent reports suggest an increased risk of early-onset invasive
fungal infections on ibrutinib.35,36

PI3Ki Idelalisib, a PI3Kdelta inhibitor, is approved in combi-
nation with rituximab or ofatumumab for treatment of CLL.

Efficacy In patients with R/R CLL, idelalisib shows response rates
similar to ibrutinib, but with shorter median PFS (generally ,2
years), even if combined with bendamustine (supplemental
Table 1).37-39

Prognostic factors Preliminary data suggest that TP53 lesions
and CK do not alter disease control by idelalisib.37,40 However,
because of their overall shorter median PFS (generally ,2
years), patients with TP53 deletion seem to do worse with
idelalisib than with ibrutinib.38

Safety The most relevant grade$3 toxicities of idelalisib in the
R/R setting consist in infections and autoimmune-mediated
inflammations such as enteritis/diarrhea (#20%), transaminitis
(#15%), and pneumonitis (#5%).41 Moreover, opportunistic infec-
tions have been observed,42 making longitudinal monitoring of

cytomegalovirus reactivation and Pneumocystis jiroveci pneumonia
prophylaxis mandatory. Preliminary analyses suggest a 2-year risk
of fatal AE for idelalisib-based therapies of$10% in patients with
R/R CLL.39,42

BCL2i Venetoclax is a BCL2i approved for patients with CLL with
TP53 deletion unsuitable for BTKi/PI3Ki, and those who have
failed both CIT and BTKi or PI3Ki.

Efficacy Although ORR (70%-80%) to venetoclax are not supe-
rior to those of BTKi/PI3Ki, a sizable proportion of patients (20%-
30%) achieve CR and even MRD negativity in the R/R setting,
which might be further increased if venetoclax is combined with
rituximab (supplemental Table 1).16,43-46 Although these patients
may enjoy prolonged disease control, median response dura-
tion is ,30 months in patients not reaching CR or MRD
negatitvity.16,45,47,48

Prognostic factors Similar to ibrutinib, venetoclax shows high
response rates but decreased remission duration if TP53 ab-
normalities are present (Table 1).16,43,44,49 Recent data suggest
that CK, prior PI exposure, multiple pretreatment lines, and bulky
disease are additional risk factors for venetoclax failure.49-52 In a
retrospective analysis, prior PI, TP53 abnormalities, CK, and prior
CI were associated with inferior PFS on venetoclax.49 Preliminary
data on mutations driving venetoclax resistance suggest a
complex pattern of clonal evolution,53 precluding their use as
biomarker for venetoclax treatment success.

Safety Although cases of fatal tumor lysis syndrome were initially
reported, this problem has been virtually eliminated by the in-
troduction of ramp-up dosing strategies and strict tumor lysis
prophylaxis. Grade3/4 neutropenia and thrombopenia develop in
up to 40% and 15% of the patients, respectively.43,44 In addition,
serious infections can occur during venetoclax treatment, but the
rate of fatal treatment-emergent AE was ,5% in the published
trials.43,44,48

Pathway inhibitor resistance: secondary treatment options
and outcome Basically there are 3 types of PI failure: (1) dis-
continuation because of toxicity; (2) CLL progression; and (3) RT.
The relatively high proportion of early RT events in R/R patients
on PI has raised concerns that PI themselves might induce
transformation. Although an impact of PI on the microenviron-
mental competition between CLL and Richter clones cannot be
excluded,18 this phenomenon might be explained by the fact
that PI act as a “filter” for preexisting subclinical RT by sup-
pressing aggressive untransformed CLL otherwise limiting the
patient’s prognosis. It remains to be shown if intrinsic effects of
PI, such as triggering of genomic instability in B cells,54 may
contribute to RT development. In contrast to BTKi/PI3Ki dis-
continuation because of AE (which account for one-half of all
discontinuations in R/R patients within the first 2 years38,55), the
outcome of BTKi/PI3Ki failure from disease progression or
transformation has been generally poor, with median OS times
below 30 months for CLL and a few months for RT.17,55-58 In-
formation on the outcome of patients failing venetoclax is
sparse. In a prospective trial enrolling 17p-deleted patients, 14
of 22 patients with disease progression died within a year after
venetoclax discontinuation.44 Similarly, the median OS of 25
patients progressing on venetoclax trials performed in Australia
was 13 months.50
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Because the results of CIT-based salvage regimens are poor
after CLL progression on BTKI/PI3Ki given for R/R disease,57

treatment revolves around alternative PI treatment. For ibrutinib
failure, the reported response rates with idelalisib and vene-
toclax were 28% to 46% and 61% to 76%, respectively.38,47,48,57

Likewise, PFS seems to be substantially shorter with idelalisib
than with venetoclax in that setting.38 In a prospective study on
venetoclax as rescue strategy for ibrutinib resistance, an ob-
jective response was achieved in 65% (CR, 9%) of patients and
the median PFS was 25 months.47 A recent “real-world” analysis
reported significantly reduced PFS on venetoclax in patients with
prior PI failure.49

Conversely, ORR to ibrutinib after idelalisib failure are more en-
couraging with 64% to 76% observed in preliminary studies,38,57

similar to those obtained with venetoclax (Table 2).59 However,
information about alternative PI treatment comes from small
studies with limited follow-up. Novel PIs such as indirect BTKi,
C481S-independent BTKi, and PKCb inhibitors may gain a role in
management of primary PI resistance,11 but none of these agents
have reached the clinical stage yet.

PI: open issues Open issues of PI treatment in high-risk CLL
include the efficacy and safety of combining PI with each other or
CIT, the optimum treatment dose and duration, the impact of
response depth on outcome, and theeconomic burdenassociated
with long-term administration of PI. The currently explored ap-
proaches of early use of PI combinations appear to be particularly
promising andmay require further development of the concept of
high-risk CLL if they should be established as therapeutic standard.
In addition, the long-term toxicities of PI need careful evaluation,
including unforeseen caveats such as the potential triggering of
genomic instability in B cells by some of these agents.54

Cellular immunotherapy
AlloHCT
Efficacy The basic principle of allogeneic hematopoietic cell
transplantation (alloHCT) is establishing a foreign immune sys-
tem in the patient for permanent suppression or eradication of
recipient lymphohematopoiesis including leukemia stem cells.
This effect is called graft-versus-leukemia (GVL) activity. Patients
with effective GVL, as indicated by clearing MRD upon immu-
nosuppression withdrawal, have an extremely low risk of disease
recurrence. In the prospective CLL3X trial of the German CLL
Study Group, the relapse risk of patients following this pattern of
GVL-mediated MRD clearance was only 12% at 10 years after
alloHCT.60 Similarly, the 5-year MRD recurrence rate was only 6%
after GVL-mediated MRD eradication in a single-center study.61

Overall, studies on reduced-intensity conditioning (RIC) alloHCT
in CLL show PFS and OS rates of 50% to 60% and 60% to 75%
at 2 years and of 35% to 45% and 45% to 65% at 5 years,
respectively.61-67 Long-term follow-up studies report 10-year PFS of
;30% after alloHCT.60,67 In a large European Society for Blood and
Marrow Transplantation (EBMT) registry study as well as in the
prospective CLL3X trial, PFS at 10 years after alloHCT was 79% for
those patients who passed the 5- or 6-year landmark event-free. In
conclusion, about 30% of all transplanted patients will durably
benefit from a “targeted” GVL effect.

Prognostic factors TP53 abnormalities have not been associated
with inferior outcome after RIC alloHCT in most studies.61-64,68 The
impact of CK on alloHCT outcome requires further analysis.64,69,70

The most important risk factor for an adverse transplant outlook is
refractory disease at alloHCT,62-64,71,72 with patients transplanted in
remission having a better outcome (2-year PFS, 55%-65%).60,61,67,68

In addition to disease-related risk factors, patient- and procedure-
related variables, such as age, sex mismatch, donor type,
performance status (PS), T-cell depletion, but also center
experience73 determine alloHCT outcome. For example, pa-
tients ,45 years, with good PS and favorable donor-recipient
sex constellation who were in remission at alloHCT, had 5-year
PFS of 55% to 64% in a large EBMT analysis.68 Similarly, in the
CLL3X trial, patients with chemosensitive disease not receiving
alemtuzumab as a T-cell depletion method had a PFS of 62% and
46% at 5 and 10 years, respectively.60

Safety and treatment complications With modern transplantation
strategies, the early-death rate of CLL allotransplants (ie, death
within the first 100 days after alloHCT) is ,5%.5 The good tolera-
bility of RIC alloHCT allows offering the procedure to older subjects
and patients with comorbidity. However, largely because of graft-
versus-host disease (GVHD)-related complications, nonrelapse
mortality (NRM) may increase to .40% at 2 years posttransplant in
patients with adverse patient-, donor-, and procedure-related risk
factors, asmentionedpreviously.68,74 In contrast, for patients with a
combination of favorable risk factors at alloHCT, the 2-year risk of
NRMwas 12% in a large registry cohort.68 Apart from its impact on
NRM, chronic GVHD is the major determinant affecting quality of
life after alloHCT. About 25%of survivors will experience impaired
quality of life during the first posttransplant years because of
chronic GVHD.62,71,75 Moreover, allografted patients are at a
higher risk of mortality, infections, and hospitalization than sex-
and age-matched controls over their lifespan.76

Relapse after alloHCT: secondary treatment options and
outcome Already in the CIT era, the prognosis of CLL relapse
posttransplant seemed not to be inferior to that of high-risk
CLL in untransplanted patients (supplemental Table 2).61,77 The
advent of PI, especially ibrutinib, has substantially improved
treatment options for high-risk CLL progressing after alloHCT.
Recent data suggest that safety and efficacy of ibrutinib given for
CLL relapse after allotransplant are as good as in untransplanted
patients (Table 3).78-80 Moreover, ibrutinib may enhance Th1-
mediated GVL effects if given on a donor chimerism scenario.79

Accordingly, the outcome of posttransplant relapse in CLL pa-
tients has substantially improved.

alloHCT: open issues Open issues of alloHCT in the PI era are
largely related to the interactions of PI and transplantation. Evi-
dence is emerging that PI can safely bridge CIT-refractory patients
to transplant.81,82 Whereas data supporting the safety and efficacy
of ibrutinib in posttransplant CLL relapse in BTKi-naı̈ve patients
is accumulating, the feasibility of posttransplant PI salvage in
PI-preexposed patients remains to be shown.80 Furthermore, the
use of PI for prevention of early disease recurrence posttrans-
plant warrants investigation. The same accounts for the possi-
ble downregulation of GVHD activity by ibrutinib.83 In contrast,
information on the posttransplant use of PI3Ki and BCL2i is lim-
ited. Moreover, there are only scanty data on the efficacy of
alloHCT in patients who have failed a PI.

CAR T cells Whereas the GVL effect of alloHCT relies on a
polyclonal immune reaction against multiple undefined target
antigens, CAR T cells exert amonoclonal immune activity against
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defined antigens, thereby avoiding the GVH reactions linked to
alloHCT efficacy.

Published data on CAR T cells in CLL are limited.84 Investigators
from the University of Pennsylvania treated 14 patients with
heavily pretreated CLL (43% with TP53 abnormality) with the
anti-CD19 construct CTL019. Fifty-seven percent of the pa-
tients responded, 29% with a CR. All complete responders
became durably MRD-negative and developed permanent
B-cell aplasia. With 1 patient in CR dying of infection, 18-month
PFS was 29%. Grade 3-4 cytokine-release syndrome (CRS)
developed in 50% of the patients and correlated with in vivo
CTL019 expansion.85 The Fred Hutchison Cancer Research
Center published results on 24 patients with R/R CLL having
failed ibrutinib who received the anti-CD19 construct JCAR014.
A response was observed in 74% of the patients. Of 12 patients
tested, 7 were MRD-negative by deep sequencing and remained
relapse-free after a median follow-up of 7 months. Grade$3 CRS
and neurotoxicity occurred in 2 and 6 patients, respectively, with
1 fatality.86

Altogether, CAR T cells seem to have considerable therapeutic
potential in CLL, including patients refractory to CIT and PI or
relapsed following alloHCT.87 Although further studies and a
longer follow-up are needed, durable MRD-negative CR may be
achieved in a sizable minority of patients. Ibrutinib given at the
time of autologous T-cell collection and/or at the time of CAR
T-cell reinfusion may further enhance efficacy.88 Relevant early
toxicities consist in CRS and neurologic complications.

Further fine-tuning of constructs, T-cell sources, ex vivo CAR
T-cell expansion, dosing, lymphodepletion, and other variables,
as well as addressing additional target antigens, will likely im-
prove treatment results of CAR T cells in CLL.84,89 Currently,
however, in the absence of a construct approved for CLL, CAR
T cells have to be considered as an experimental treatment in
this disease. Apart from the various technical aspects mentioned,
unsolved issues include long-term efficacy and safety and the
economical aspects of this approach.

A new categorization of high-risk CLL
In the CIT era, high-risk CLL has been defined by (1) TP53 lesions,
(2) flurabine refractoriness, and (3) early relapse after CIT. With
the advent of PI, the outcome of patients meeting any of these 3
criteria has substantially improved. This is particularly true for TN
patients with TP53 abnormalities and patients with early relapse
after CIT but without adverse cytogenetics. In both groups,
5-year survival probability has increased from,40% in the pre-PI
era to .80% with ibrutinib.1,10,90,91

In contrast, the prognosis of R/R patients treated with a first PI
after CIT failure remains relatively poor if they harbor TP53
abnormalities. These patients can expect 2-year PFS probabil-
ities of ,60%, with the perspective of being rescued with al-
ternate PI. However, it has to be kept in mind that in R/R patients,
themajority of early disease progressions on PI (ie, within the first
2 years) occur as RT with usually rapidly fatal outcome.17,50,58

Currently, there are no robust markers for predicting the RT risk
on PI.92 In contrast, CLL progression upon PI discontinuation
because of toxicity can often be successfully managed by
retreatment or PI switching.17,58Ta
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The situation worsens once R/R patients become resistant to their
first PI, even if their disease remains untransformed. Patients failing
idelalisib may respond to ibrutinib, with venetoclax being an ad-
ditional rescue option. If the first PI has been ibrutinib, however,
idelalisib is associated with a high risk of failure and therefore might
be discouraged in favor of more effective treatments.11 On the
other hand, BTKi-resistant patients have a 60% to 70% chance of
responding to venetoclax with amedian duration of 2 to 3 years,47-49

but without an established pharmaceutical rescue option once re-
sponse to venetoclax is lost. If venetoclax is unavailable, idelalisib
remains an option for BTKi-resistant patients (supplemental Table 3).

In conclusion, based on the current knowledge on the effec-
tiveness of PIs, high-risk CLL may be redefined by considering
(1) the expected duration of response to the PI currently applied
and (2) the salvage options remaining once this PI fails (Figure 1).
As a result, TN patients with TP53 abnormalities responding to
a PI given as first-line therapy as well as R/R patients without
unfavorable genetics who are sensitive to a first PI should no
longer be considered as high-risk CLL. Hence, 2 high-risk cat-
egories can be defined as the following.

n CLL, high-risk-I, CIT-resistant: This category comprises patients
with TP53 abnormalities having failed CIT but responding to a
first PI (BCRi or BCL2i).

n CLL, high-risk-II, CIT- and PI-resistant: This category includes
patients who, independent of TP53 status, have failed both
CIT and a first PI (BTKi or BCL2i) even if responding to al-
ternate PI. (There is not yet robust information permitting
inclusion of patients with TP53 abnormalities resistant to front-
line BTKi in this category.)

Supplemental Table 4 shows how the old high-risk criteria
translate into the new high-risk CLL concept.

Although patients undergoing disease transformation have a
very poor outlook and thus may be considered as having high-
risk CLL, RT requires a different therapeutic approach in which PI
play only a limited role. Therefore the following considerations
are not applicable for transformed disease.

Integration of molecular and cellular
therapies and conclusions for a
risk-adapted treatment algorithm
PI should be considered as today’s standard of care for patients
with high-risk CLL in need for treatment. In the absence of
randomized head-to-head comparisons of different PI classes,
the choice of the first PI depends on the availability of different
PI, their efficacy, and the patient’s comorbidity and individual
risk for AE. In contrast, based on current evidence, genetic risk
factors, such as CK in addition to TP53 abnormalities, should
not be taken into account when selecting the first PI (BTKi or
BCL2i). Once maximum response is achieved, there are 2
options to consider: either to continue on PI until progression
or intolerance, or to move onto CI. To weigh these options
against each other, both alternatives have to be compared
for the following intertwined risks and chances: (1) risk of
NRM; (2) morbidity risks; (3) risk of progressing in a way
precluding successful further treatment (ie, transformation,

multiresistance, disease progression with overwhelming de-
terioration of PS); and (4) chance of long-term disease control
and survival.

In the “high-risk-I, CIT-resistant” category, the long-term benefits
of moving toCI have to be individually balancedwith its morbidity
and mortality risks. Regarding alloHCT, a low HCT-specific risk
because of younger age (#65 years) along with absence of
comorbidity93 and availability of a well-matched donor94 may
argue for moving to transplant. In contrast, a higher HCT-specific
risk (older age, relevant comorbidity, or unavailability of a well-
matched donor) may favor continuing PI therapy. Moreover, less
robust disease-specific risk factors occurring in addition to TP53
abnormalities, such as multiple lines of pretreatment, CK, near-
tetraploidy as a risk factor for RT,92 clonal evolution involving driver
mutations heralding PI resistance,15,17-19,53 and “accelerated” or
“transforming” CLL (but not fulfilling RT criteria),95 may be also
considered in decisionmaking.On the other hand, in patients with
high-risk-I who achieve MRD clearance and/or CR on venetoclax
as a first PI, it seems adequate to postpone HCT. CAR T cells
appear to be justified in high-risk-I CLL only if an approved
product becomes available.

In the “high-risk-II, CIT- and PI-resistant” category, the risk of
fatal progression associated with (secondary) PI continuation
increases because rescue options are limited. This may justify
considering CI more actively in eligible patients (ie, alloHCT
even in case of a higher transplant risk, and CAR T cells even if
available only in trials) (Figure 2). The choice of CI (alloHCT vs
CAR T cells) will depend on individual factors, such as disease
status, donor situation, availability of appropriate CAR T-cell
products, and of course patient’s preference.

This new risk categorization would refine recent recommenda-
tions by the American Society for Blood and Marrow Trans-
plantation, which advises alloHCT in patients with TP53-aberrated
R/R CLL responsive or unresponsive to PI with similar strength.96

Although roughly one-half of the patients from the PI studies
summarized in supplemental Table 1 were ,65 years and thus at
“transplantable” age, many of them carrying high-risk genetics,
the fraction of patients switched to CI was generally small (,5%),
suggesting that cellular therapy may be underused. Reasons for
this could be transplant eligibility restrictions, limited availability

Refractoriness
to

TP53
abnormality
present
(del17p/TP53mut)

High risk
Category 

CIT only yes I – CIT-resistant
(BTKi- and BCL2i-sensitive)

CIT + BTKi 
or
CIT + BCL2i
or
BTKi + BCL2i
(+/- CIT)

yes or no
II – CIT- and PI-
resistant 
(BTKi- and/or BCL2i-
refractory)

Figure 1. Risk categories according to the revised high-risk CLL concept.

898 blood® 30 AUGUST 2018 | VOLUME 132, NUMBER 9 DREGER et al

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/132/9/892/1467212/blood826008.pdf by guest on 21 M

ay 2024



of CAR T-cell trials, the perception that progression on PI could be
rescuedwithout risk by the “next” PI or experimental therapy, and
also the misconception that HCT is a dead-end street without
rescue options in case of relapse. In reality, development of PI
resistance will be fatal for a relevant proportion of patients at each
line of therapy because of multiresistance, critical deterioration of
PS, or disease transformation.52On the other hand, untransformed
CLL relapsing after alloHCT may remain sensitive to the PI used
for bridging to transplant, alternate PI, or alternate CI (ie, donor
lymphocyte infusions, CAR T cells after alloHCT failure, or vice
versa). Along with the bridging benefit provided by pre-CI PI,3,81,88

this illustrates that PI and CI strategies may be used synergistically

for maximizing the outlook of patients with high-risk CLL. In
conclusion, molecular and cellular therapies should be considered
as complementary rather than competitive therapeutic tools.

Generally, counseling of patients with high-risk CLL as defined
here remains challenging given the absence of controlled trials
and the still-limited knowledge about the outcome of PI failure.
The window of opportunity for sustained disease eradication
by CI may be narrow. Future progress in deciphering CLL bi-
ology and the identification of critical, and actionable, molecular
pathways will hopefully further advance the concepts of high-risk
CLL and its management. Meanwhile, the algorithm proposed

TP53abn ?

Continue PI Consider CI

Low CI risk
- Access to approved CART
  product or
- Age ≤ 65y plus
  no comorbidity plus
  well-matched donor
  available

High CI risk
- Age >65y and/or
- Comorbidity and/or
- No well-matched donor
  available and
- No access to approved
  CART product

Consider CI

Any CI risk
- Access to approved or
  experimental CARTs or
- Well- or partially-
  matched donor
  available; comorbidity
  permitted

HR I

Relapse

PI used for bridging;
alternate PI; alternate CI

Continue PI 

CI ineligible
- Frail or
- No donor and
- No approved or
  experimental CARTs
  available

Progression

HR II

Progression

Experimental
therapy

No

Alternate PI Alternate PI

Yes

No

No HR,
Continue PI

Complex karyotype,
multiple linesCR, MRD-

Relapse after CIT or refractory to CIT,
now on BTKi or BCL2i

Yes

Response?

HR II

Figure 2. Decision tree for therapy of chemoimmunotherapy-resistant untransformed CLL according to the revised high-risk concept. *Additional factors to be taken
into account when considering cellular therapy. HR, high risk; TP53abn, TP53 abnormality.
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here should be useful for defining high-risk patient populations
for clinical trials and also for their management in daily practice.
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71. Dreger P, Döhner H, Ritgen M, et al; German
CLL Study Group. Allogeneic stem cell
transplantation provides durable disease
control in poor-risk chronic lymphocytic leu-
kemia: long-term clinical and MRD results of
the GCLLSG CLL3X trial. Blood. 2010;116(14):
2438-2447.

72. Michallet M, SobhM,Milligan D, et al; Chronic
Leukemia Working Party of the EBMT. The
impact of HLA matching on long-term trans-
plant outcome after allogeneic hematopoietic
stem cell transplantation for CLL: a retro-
spective study from the EBMT registry.
Leukemia. 2010;24(10):1725-1731.

73. Schetelig J, de Wreede LC, Andersen NS,
et al; CLL subcommittee, Chronic Malignan-
cies Working Party. Centre characteristics and
procedure-related factors have an impact on
outcomes of allogeneic transplantation for
patients with CLL: a retrospective analysis
from the European Society for Blood and
Marrow Transplantation (EBMT). Br J
Haematol. 2017;178(4):521-533.

74. Montserrat E, Dreger P. Treatment of chronic
lymphocytic leukemia with del(17p)/TP53
mutation: allogeneic hematopoietic stem cell
transplantation or BCR-signaling inhibitors?
Clin Lymphoma Myeloma Leuk. 2016;
16(suppl.):S74-S81.

75. Pidala J, Anasetti C, Jim H. Quality of life after
allogeneic hematopoietic cell transplantation.
Blood. 2009;114(1):7-19.

76. Chow EJ, Cushing-Haugen KL, Cheng GS,
et al. Morbidity and mortality differences be-
tween hematopoietic cell transplantation

survivors and other cancer survivors. J Clin
Oncol. 2017;35(3):306-313.

77. Rozovski U, Benjamini O, Jain P, et al.
Outcomes of patients with chronic lympho-
cytic leukemia and Richter’s transformation
after transplantation failure. J Clin Oncol.
2015;33(14):1557-1563.

78. Link CS, Teipel R, Heidenreich F, et al. Durable
responses to ibrutinib in patients with re-
lapsed CLL after allogeneic stem cell trans-
plantation. Bone Marrow Transplant. 2016;
51(6):793-798.

79. Ryan CE, Sahaf B, Logan AC, et al. Ibrutinib
efficacy and tolerability in patients with re-
lapsed chronic lymphocytic leukemia follow-
ing allogeneic HCT. Blood. 2016;128(25):
2899-2908.

80. Michallet M, Dreger P, Sobh M, et al. Salvage
use of ibrutinib after allogeneic hematopoietic
stem cell transplantation for B cell malignan-
cies: a study of the French Cooperative Group
for CLL, the SFGM-TC, and the EBMT Chronic
Malignancies and Lymphoma Working Parties
[abstract]. Blood. 2016;128(22). Abstract
4659.

81. Dreger P, Michallet M, Bosman P, et al.
Ibrutinib for bridging to allogeneic hemato-
poietic cell transplantation in patients with
chronic lymphocytic leukemia or mantle cell
lymphoma: a study by the EBMT Chronic
Malignancies and Lymphoma Working Par-
ties. Bone Marrow Transplant. 2018;52(4):
552-560.

82. Schetelig J, Chevallier P, van Gelder M, et al.
Bridging with idelalisib is safe in patients with
chronic lymphocytic leukemia (CLL) prior to
allogeneic hematopoietic stem cell trans-
plantation (alloHCT): a report from the
EBMT Chronic Malignancies Working Party
[abstract]. EBMT Annual Meeting 2017; oral
session 18, presentation 5.

83. Miklos D, Cutler CS, Arora M, et al. Ibrutinib
for chronic graft-versus-host disease after
failure of prior therapy. Blood. 2017;130(21):
2243-2250.

84. Mato AR, ThompsonMC, Nabhan C, Svoboda
J, Schuster SJ. Chimeric antigen receptor
T-cell therapy for chronic lymphocytic leuke-
mia: a narrative review. Clin Lymphoma
Myeloma Leuk. 2017;17(12):852-856.

85. Porter DL, HwangWT, Frey NV, et al. Chimeric
antigen receptor T cells persist and induce
sustained remissions in relapsed refractory
chronic lymphocytic leukemia. Sci Transl Med.
2015;7(303):303ra139.

86. Turtle CJ, Hay KA, Hanafi LA, et al. Durable
molecular remissions in chronic lymphocytic
leukemia treated with CD19-specific chimeric
antigen receptor-modified T cells after failure
of ibrutinib. J Clin Oncol. 2017;35(26):
3010-3020.

87. Brudno JN, Somerville RP, Shi V, et al.
Allogeneic T cells that express an anti-CD19
chimeric antigen receptor induce remis-
sions of B-cell malignancies that progress
after allogeneic hematopoietic stem-cell
transplantation without causing graft-versus-
host disease. J Clin Oncol. 2016;34(10):
1112-1121.

88. Fraietta JA, Beckwith KA, Patel PR, et al.
Ibrutinib enhances chimeric antigen receptor
T-cell engraftment and efficacy in leukemia.
Blood. 2016;127(9):1117-1127.

89. Fraietta JA, Lacey SF, Orlando EJ, et al.
Determinants of response and resistance to
CD19 chimeric antigen receptor (CAR) T cell
therapy of chronic lymphocytic leukemia. Nat
Med. 2018;24(5):563-571.

90. Hallek M, Fischer K, Fingerle-Rowson G, et al;
German Chronic Lymphocytic Leukaemia
Study Group. Addition of rituximab to flu-
darabine and cyclophosphamide in patients
with chronic lymphocytic leukaemia: a rand-
omised, open-label, phase 3 trial. Lancet.
2010;376(9747):1164-1174.

91. Tam CS, O’Brien S, Plunkett W, et al. Long-
term results of first salvage treatment in CLL
patients treated initially with FCR (fludarabine,
cyclophosphamide, rituximab). Blood. 2014;
124(20):3059-3064.

92. Miller CR, Ruppert AS, Heerema NA, et al.
Near-tetraploidy is associated with Richter
transformation in chronic lymphocytic leuke-
mia patients receiving ibrutinib. Blood Adv.
2017;1(19):1584-1588.

93. Sorror ML, Maris MB, Storb R, et al.
Hematopoietic cell transplantation (HCT)-
specific comorbidity index: a new tool for risk
assessment before allogeneic HCT. Blood.
2005;106(8):2912-2919.

94. Weisdorf D, Spellman S, Haagenson M, et al.
Classification of HLA-matching for retrospec-
tive analysis of unrelated donor trans-
plantation: revised definitions to predict
survival. Biol Blood Marrow Transplant. 2008;
14(7):748-758.
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