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Novel small molecule inhibitors have revolutionized the treatment
of chronic lymphocytic leukemia (CLL). Indeed, BTK (BTKi) and
BCL2 inhibitors (BCL2i) alone or in combination with each other or
other compounds have proven superior to chemoimmunotherapy
(CIT) in both the frontline and the relapsed/refractory (R/R)
setting.1

ERIC, the European Research Initiative on CLL, conducted this
international multicenter retrospective study focused on the era of
CIT, aiming to (i) reveal the treatment patterns in the “real world” and
(ii) assess the outcomes of patients who received frontline treatment
between 2000 and 2016. Overall, 7382 patients with CLL (7134,
96.6%) or SLL (248, 3.4%) from 76 centers in 25 countries in
five continents were included. The median age at diagnosis was
64 (interquartile range [IQR]: 56–71) years and the median age at first
treatment was 66 (IQR: 58–74) years. The median follow‐up was 7.33
(IQR: 4.56–10.81) years from diagnosis and 5.27 (IQR: 3.04–7.99)
from first treatment. The vast majority of patients (6873/7134,
93.2%) received at least one line of chemotherapy or CIT; only
197/7134 (2.7%) received exclusively novel agents. Baseline char-
acteristics and disease‐specific biomarkers are listed in Supporting
Information Material.

The most common first‐line regimen was FCR (2609, 35.3%),
mostly in young patients (median age at first treatment: 60 years,
IQR: 54–66), followed by chlorambucil monotherapy (1293, 17.5%),
mostly in older patients (median age at first treatment: 74 years, IQR:
65–80). BTKis as first‐line treatment were used in 149/7134 (2%)
patients who either participated in clinical trials and/or had TP53
aberrations; 20/7134 (0.3%) received frontline venetoclax‐based re-
gimens, all in the context of clinical trials (Figure 1). Detailed
outcomes for the most common frontline regimens are provided in
Supporting Information Material.

BTKis were the most common type of R/R treatment (1581/8145,
19.4%). Reflecting the approval of novel agents for patients with R/R
CLL, the use of all types of chemotherapy and CIT decreased after
2014, except bendamustine plus rituximab (Figure 2).

There were 387 patients with an early (<24 months) need for
second‐line treatment after 2016: 203/387 (52.4%) received che-
motherapy and CIT, 147/387 (38%) novel agents (108/387 [27.9%]
BTKi, 24/387 [6.2%] PI3Ki, and 15/387 [3.9%] venetoclax‐based
treatments), and 37/387 (9.6%) other treatments (Figure 2 & File S1).
ORR and discontinuation rates due to progression of patients treated
with novel agents are given in the File S1.

Among patients treated with BTKi with or without anti‐CD20
monoclonal antibodies (Mab), 55/567 (9.7%) discontinued treatment
due to toxicity in second and 120/1014 (11.8%) in later lines. The
median time to discontinuation was 5 months (95% confidence in-
terval [CI]: 3.7–12.5) for patients treated in second line and 14
months (95% CI: 8–20.9) for patients treated in later line. Patients
treated with BTKi in second line discontinued treatment due to
toxicity earlier compared to those treated at later lines. Considering
that administration of BTKi in second versus later lines happened
more recently, this may simply reflect the fact that physicians had
more choices and discontinued faster in second line. Taken together,
our findings mirror the long‐term results of the RESONATE trial yet
are strikingly lower compared to the “real world” study by Mato
et al.,2,3 despite the longer median follow‐up on ibrutinib in our study
(>27 vs. 17 months). We attribute this difference to a number of
reasons. First, the aforementioned study included patients treated
soon after ibrutinib approval when physicians may have been less
experienced on how to manage new adverse events. Second,
most patients in our study derived from large academic centers with
expertise in managing patients with CLL, including ibrutinib‐related
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toxicities. Third, differences in patients' fitness status and comorbidity
burden could have influenced physician decisions. Finally, cultural and
healthcare system differences between the United States and the rest
of the world may have also played a role.

Patients treated with PI3Ki with or without an anti‐CD20 Mab
had the numerically highest toxicity‐related discontinuation rates
(24/76 [31.6%] and 84/285 [29.5%] in second or later line, respectively)
(median time to discontinuation: 8.1 months [95% CI: 5–14.2] in
second line and 10.8 [8–12] in later line), confirming the safety issues of
previous studies.4–6

Continuous venetoclax therapy was discontinued due to toxicity
in 3/60 (5%) and 20/179 (7%) patients in second or later line, re-
spectively (median time to discontinuation: 38.6 months [95% CI:
37.6–not estimable] in second line and 4.5 months [2.5–25] in later
line). None of the 29 patients treated with BTKi plus venetoclax with
or without an anti‐CD20 Mab discontinued treatment due to toxicity,
while only 1/56 (1.8%) (at 5.1 months after treatment initiation) and
4/112 (3.6%) discontinued venetoclax plus rituximab in second or
later line, respectively (in later line, the median time to discontinua-
tion was 4.6 months [1.6–not estimable]).

Infection was a common reason for discontinuation of all
novel agent‐based therapies (18/64 (28.1%), 16/60 (26.7%), and
8/15 (53.3%) for BTKi, PI3Ki, and venetoclax‐based treatments,
respectively). Most patients discontinued BTKi and PI3Ki‐based
treatments due to unspecified nonhematological toxicity (28/64
[43.8%] and 23/60 [38.3%], respectively). Atrial fibrillation/flutter
(6/64, 9.4%) and autoimmune phenomena (15/60, 25%) were
among the prevailing reasons for discontinuation in BTKi and
PI3Ki‐treated patients, respectively. Cytopenias (5/15, 33.3%)
were the second most common reason (after infection) for
discontinuing venetoclax‐based treatments.

Information on tumor lysis syndrome (TLS) was available on
148 patients with R/R CLL treated with venetoclax‐based regimens.
Only 2/148 (1.4%) patients, both high‐risk for TLS, developed
clinical TLS; laboratory TLS was present in 8/148 (5.4%) patients.
Information on the timing of TLS and the ramp‐up scheme/TLS
prophylaxis in each case were not captured. All patients who devel-
oped TLS recovered and continued treatment. Our results are in line
with RCTs and previous large “real world” studies,7–13 highlighting
the ability of hematologists to prevent this adverse event in the
“real‐world” setting.

Seventy‐one patients were double refractory to both BTKi and
venetoclax (File S1). Most patients with available biomarkers had
unmutated IGHV genes (34/43, 79.1%) and 64.5% (20/31) had TP53
aberrations before first‐line treatment. After the second novel agent
failure, 62% (44/71) received an additional line of therapy. The
median time‐to‐next treatment (TTNT) from the second novel agent
treatment was 11.4 months (95% CI: 7.95–14.65) and the median
overall survival (OS) from the second novel agent treatment was
19.88 months (95% CI: 14.72–30.32). Overall, 43 patients received a
subsequent line of therapy for CLL after failing the second targeted
agent. The median OS and TTNT from the start of the subsequent line
of treatment were 12 and 9 months, respectively. Hence, we confirm
the poor prognosis of these patients reported in previous “real world”
studies, especially when noncovalent BTKis and other novel
approaches (e.g., CAR‐T cells) are unavailable.14,15

In a multivariable analysis in patients receiving frontline therapy,
increased age, male sex, unmutated IGHV genes, and TP53 aberra-
tions predicted a shorter TTNT, while unmutated IGHV gene status
was the only statistically significant predictor for the need for the
next treatment (File S1), perhaps reflecting missing information
on TP53 mutation status in 71.3% (5266/7382) of patients. FCR

F IGURE 1 Sunburst diagram of treatment patterns. Each color represents a distinct regimen, and each layer represents a new treatment line starting from the

first line (inner‐most layer) to the third line (outer layer). The “not received” groups include patients who did not receive a new treatment line either due to continued

response to the prior treatment or death.
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conferred a longer TTNT (p = 0.002, 95% CI: 0.64–0.91) versus other
types of frontline treatment. Similarly, in patients with R/R CLL, in-
creased age at second‐line treatment, unmutated IGHV genes, and
TP53 aberrations were statistically significant predictors for a shorter
OS. The only protective factor from death in patients with R/R CLL
was treatment with novel agents in the first or second line (File S1),
highlighting the importance of incorporating novel agents early in the
CLL treatment algorithm.

We chart a major shift in treatment patterns before and after
the introduction of novel targeted agents in 2014. Against that,
many patients with R/R CLL in our cohort were still treated with CIT
even after 2014. This may be explained, at least in part, by the fact
that CIT was considered a valid retreatment option for patients with
long first remissions for quite some time after 2014. Notably, even
after 2016, novel agents were used in only 38% of patients with an
early (<24 months) need for second‐line treatment. Possible reasons
include access to medication, physicians' reluctance, and the
evidence–practice gap. This highlights the need for more timely and
effective knowledge dissemination, but even more importantly, re-
duction of drug costs and adoption of less strict rules for drug
reimbursement.

We acknowledge certain limitations to our study. First, the median
age at diagnosis and first treatment is lower than traditionally ex-
pected, perhaps due to the fact that many patients were included from
referral centers for CLL. Second, the assessment of response was
performed by treating physicians based mainly on complete blood
counts and physical examination, likely overestimating the response in

some cases. Finally, missing information, sampling, and attrition bias
also apply. Recognizing these limitations, we mitigated them by col-
lecting data on consecutively treated patients in each participating
center and focusing on robust metrics (i.e., TTNT and OS).

Altogether, we document the effectiveness and safety of novel
agents in patients with R/R CLL previously treated with CIT or che-
motherapy regimens. We also witness a great delay in the timely
implementation of the existing evidence in the real world with a slow
uptake of drugs proven to be highly efficacious. Thus, dedicated
efforts to improve it should be considered for the future generation
of treatments.
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