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ABSTRACT
Mantle cell lymphoma (mcl) is a rare subtype of aggressive B-cell non-Hodgkin lymphoma that remains incurable
with standard therapy. Patients typically require multiple lines of therapy, and those with relapsed or refractory (r/r)
disease have a very poor prognosis. The Bruton tyrosine kinase (btk) inhibitor ibrutinib has proven to be an effective
agent for patients with r/r mcl. Although usually well tolerated, ibrutinib can be associated with unique toxicities,
requiring discontinuation in some patients. Effective and well-tolerated alternatives to ibrutinib for patients with r/r
mcl are therefore needed. Novel btk inhibitors such as acalabrutinib, zanubrutinib, and tirabrutinib are designed to
improve on the safety and efficacy of first-generation btk inhibitors such as ibrutinib. Data from single-arm clinical
trials suggest that, compared with ibrutinib, second-generation btk inhibitors have comparable efficacy and might
have a more favourable toxicity profile. Those newer btk inhibitors might therefore provide a viable treatment option
for patients with r/r mcl.
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INTRODUCTION
Mantle cell lymphoma (mcl), a rare subtype of nonHodgkin lymphoma (nhl) with an aggressive clinical
course and poor prognosis, is considered incurable in
almost all affected patients1. In Canada, approximately
500 new cases of mcl are diagnosed each year, comprising
4%–10% of all nhls2–5. Mantle cell lymphoma occurs more
frequently in men than in women, and it is usually diagnosed in older adults at a median age of 68 years6,7. Patients
with mcl typically present with advanced-stage disease,
including lymphadenopathy, bone marrow involvement,
splenomegaly, circulating tumour cells, and bowel involvement; they frequently require immediate treatment6–8.
Median overall survival (os) duration from initial
diagnosis of mcl has historically been poor, ranging from
29 to 51 months depending on clinical risk, as assessed
by the Mantle Cell Lymphoma International Prognostic
Index 9. However, survival appears to have improved with
the advent of newer therapies.
Standard treatment for advanced mcl is based on
patient age and comorbidities. Younger, fit patients are
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treated with induction immunochemotherapy, followed
by autologous stem-cell transplantation and rituximab
maintenance. Excellent os and progression-free survival
(pfs) have been obtained with aggressive regimens that
incorporate cytarabine into an anthracycline-containing
induction regimen followed by autologous stem-cell
transplantation10. Older patients who are not appropriate
for stem-cell transplantation are typically treated with
chemoimmunotherapy and rituximab maintenance,
with bendamustine–rituximab commonly being used
as induction8,11.
Although initial treatment strategies achieve high
response rates, most patients will eventually relapse and
require further therapy, which generally results in shorter
periods of remission with each subsequent therapy1. Therapeutic options in the relapsed setting include consideration of alternative chemoimmunotherapy and a growing
list of novel therapies that have demonstrated efficacy in
patients with relapsed or refractory (r/r) mcl. The latter
therapies include the proteasome inhibitor bortezomib,
the mechanistic target of rapamycin inhibitor temsirolimus, the immunomodulatory drug lenalidomide, and
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the Bruton tyrosine kinase (btk) inhibitors ibrutinib and
acalabrutinib. The B-cell lymphoma 2 inhibitor venetoclax
is also showing promise, but is not yet approved for mcl.
Although those therapies have not been compared in randomized studies, data from phase ii trials suggest that btk
inhibitors are among the most effective agents in the r/r
mcl setting1,12–14.
The btk non-receptor protein kinase is an important
mediator in the B-cell receptor signalling pathway, instrumental in the proliferation and survival of mcl cells1. The
first-generation btk inhibitor ibrutinib has been associated with response rates of 54% –72% in patients with r/r
mcl, with complete response (cr) rates in the 19% –23%
range1,12,13. Although generally well tolerated, ibrutinib
does have a unique toxicity profile. Some patients inevitably discontinue therapy because of associated toxicities
such as cytopenias, infection, pneumonitis, diarrhea,
bleeding, and atrial fibrillation15. Additionally, a large
proportion of treated patients do not achieve a cr with
ibrutinib, and other effective and well-tolerated options
are therefore needed.
A number of second-generation btk inhibitors are in
various stages of development; they are designed to improve on the safety and efficacy of first-generation btk inhibitors such as ibrutinib. The purpose of the present paper
is to provide an overview of btk inhibitors for the treatment
of r/r mcl, a discussion of how those agents might be used
within the Canadian treatment landscape, and possible
future applications in other hematologic malignancies.

CURRENT TREATMENT OPTIONS IN R/R MCL
In the United States, the U.S. Food and Drug Administration (fda) has approved a total of 4 agents for the treatment
of r/r mcl, including bortezomib (approved in 2006)16,
lenalidomide (approved in 2013), ibrutinib (approved in
2013), and acalabrutinib (approved in 2017)17. In addition,
temsirolimus was approved in Europe in 200918. However,
in Canada, only 2 agents are approved in this setting: bortezomib19 and ibrutinib20. Furthermore, public funding
for ibrutinib in r/r mcl is available in only some provinces
in Canada.
Despite recent approval of novel therapies, management of r/r mcl remains challenging. Overall response
rates (orrs) range from 22% to 81%, depending on the type
of treatment, with median pfs ranging from 3.9 months to
14.6 months12,13,21–29 Median os remains short, in the range
of 1–2 years13 (Table i).
Although no current standard of care in the r/r
setting has been established, and no randomized trials
comparing therapies have been published, phase i and ii
trials suggest that ibrutinib might have the most promising
single-agent activity of the agents currently approved in
Canada, with orrs ranging from 54% to 72%, and median
pfs ranging from 13.6 months to 14.6 months1,12,13. Those
outcomes compare favourably with the reported median
pfs for bortezomib, lenalidomide, and temsirolimus (9.2
months, 3.9–8.7 months, and 4.8–6.2 months respectively,
Table i) More recently, the published phase ii ace-ly-004
study examining the efficacy of a novel btk inhibitor,
acalabrutinib, in r/r mcl also demonstrated promising

e234

TABLE I Clinical efficacy of approved treatments in relapsed or
refractory mantle cell lymphoma (MCL)
Study

Patients
with MCL

ORR
(%)

CR
(%)

Median
PFS
(months)

124

81

40

NR

Advani et al., 201312

9
(of 56 total)

54

—

13.6

Wang et al., 201529

111

67

23

13.0

Dreyling et al., 201613

280

72

19

14.6

155

33

8

9.2

24
(of 51 total)

29

4

—

Wiernik et al., 200824

15
(of 49 total)

53

7

5.6

Zinzani et al., 201323

57

35

12

8.8

Eve et al., 201325

26

31

7

3.9

134

26

8

4.0

254

40

—

8.7

162

22

—

4.8

280

40

1

6.2

Acalabrutinib
Wang et al., 201814
Ibrutinib

Bortezomib
Fisher et al., 200621
Strauss et al.,

200622

Lenalidomide

Goy et al.,

201326

Trneny et al., 201527
Temsirolimus
Hess et al., 200928
Dreyling et al.,

201613

ORR = overall response rate; CR = complete response; PFS =
progression-free survival.

efficacy with an orr of 81%14. In addition, cr rates with
acalabrutinib were notable at 40%. Those results appear
favourable compared with results reported for ibrutinib,
but the relevant studies were not comparable in terms of
number and types of prior therapies, with patients in the
acalabrutinib trial being less heavily pretreated (median:
2 vs. 3 prior therapies) and with differences in the types of
prior therapies given (7% vs. 24% receiving lenalidomide,
for example). Results of the ace-ly-004 study led, in October
2017, to the accelerated approval of acalabrutinib by the
fda for the treatment of patients with mcl whose cancer
has progressed after receiving at least 1 prior therapy14,30.
However, acalabrutinib is not yet approved in Canada for
patients with r/r mcl.

BTK INHIBITORS IN R/R MCL
The btk non-receptor protein kinase is a member of the tec
protein tyrosine kinase family that is expressed in B-cells,
myeloid cells, mast cells, and platelets31,32. A key component of the B-cell antigen receptor signalling cascade, btk
is involved in all aspects of B-cell development, including
proliferation, maturation, differentiation, apoptosis, and cell
migration. As such, btk plays a critical role in the progression
of B-cell lymphoproliferative disorders and is therefore an
attractive target for treating B-cell malignancies.
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First-Generation BTK Inhibitors
Ibrutinib
Ibrutinib is a once-daily oral btk inhibitor that binds covalently to a cysteine residue (Cys481) in the active site of
the atp-binding domain of btk, inhibiting B-cell receptor
signalling and thereby reducing cell growth, proliferation,
survival, adhesion, and migration13. In addition to its use
in r/r mcl, ibrutinib is also approved by Health Canada for
the treatment of other hematologic malignancies, including chronic lymphocytic leukemia (cll) 33, Waldenström
macroglobulinemia 34, marginal zone lymphoma 35, and
chronic graft-versus-host disease20.
Results of a multicentre single-arm phase ii study
(pcyc-1104) led, in November 2013, to the approval of
ibrutinib by the fda for the treatment of patients with mcl
who have received 1 prior therapy1,29,36. Patients included
in the study had a median age of 68 years, and 86% had
intermediate-risk or high-risk mcl according to clinical
prognostic factors, with a median of 3 prior therapies. At
an initial median follow-up of 15.3 months, the orr was
68%, and the cr rate was 21% according to the International
Working Group 2007 response criteria1,37. The estimated
median pfs was 13.9 months, with a median duration of
response (dor) of 17.5 months. At a later median follow-up
of 26.7 months, the orr was 67%, and the cr rate was 23%29.
The median pfs was 13 months, with a median dor of 17.5
months (Table i, supplementary Appendix 1).
The most common adverse events (aes), experienced
by more than 30% of the patients, included diarrhea (54%),
fatigue (50%), nausea (33%), and dyspnea (32%)1,29 (Table ii,
supplementary Appendix 1). Common all-grade hematologic aes were thrombocytopenia (22%), neutropenia (19%),
and anemia (18%). The most frequent grade 3 or greater infections included pneumonia (8%), urinary tract infections
(4%), and cellulitis (3%). All-grade bleeding events were
reported in 50% of the patients. Grade 3 or greater bleeding
events in more than 2% of the patients were hematuria (2%)
and subdural hematoma (2%). Atrial fibrillation was reported in 11% of the patients, with grade 3 events occurring in
6% of the patients. No grade 4 or 5 events were observed.
Discontinuations as a result of treatment toxicity occurred
in 11% of the patients.
A number of subsequent studies examining ibrutinib
in r/r mcl were conducted, and they supported the results
from pcyc-110413,40 (supplementary Appendix 1). Although
results from clinical trials showed that ibrutinib was well
tolerated by most patients, further experience with ibrutinib, as demonstrated by real-world data, showed higher
discontinuation rates than had been reported in clinical
trials. A study by Mato et al.15 of patients with cll compared
the type and frequency of toxicities seen with ibrutinib in
clinical trials and in a real-world setting. Although that
study included patients with cll and not mcl, it had interesting findings. At a median follow-up of 14.5 months, the
ibrutinib discontinuation rate was estimated to be 42%
(median time to ibrutinib discontinuation: 7 months).
Moreover, discontinuations that occurred as a result of
toxicity appeared higher in the real-world setting (52.5%)
than in clinical trials (38.7%). Toxicities related to ibrutinib
were the most common reason for discontinuation in all

Current Oncology, Vol. 26, No. 2, April 2019 © 2019 Multimed Inc.

patients. The most common ibrutinib-related toxicities
leading to discontinuation included atrial fibrillation
(12.3%), infection (10.7%), pneumonitis (9.9%), bleeding
(9%), and diarrhea (6.6%).
Two studies have examined ibrutinib combined with
other molecules for the treatment of r/r mcl (supplementary Appendix 1). Those studies demonstrated orrs of 71%
and 88% when ibrutinib was combined with venetoclax
and rituximab respectively41,42 . However, as expected,
both studies reported rates of all-grade toxicities that were
higher than those seen when ibrutinib was used alone.

Second-Generation BTK Inhibitors
Although the first-generation btk inhibitor ibrutinib has
proven to be highly effective, it also has a number of offtarget effects by inhibiting other tyrosine kinases such as
epidermal growth factor receptor, interleukin 2–inducible
T-cell kinase, and tec (Table iii). Those off-target effects
could explain some of the unique toxicities seen with ibrutinib31. Second-generation btk inhibitors were designed
to have fewer off-target effects, with the goal of improving
efficacy and reducing toxicity. To date, second-generation
btk inhibitors examined in patients with r/r mcl include
acalabrutinib14, zanubrutinib38, and tirabrutinib39. As reported in clinical trials, those newer btk inhibitors might
have lower rates of the toxicities typically associated with
ibrutinib such as bleeding, atrial fibrillation, and hypertension. Moreover, rates of common toxicities such as diarrhea,
fatigue, and nausea might also be reduced (Table iii).

Acalabrutinib
Acalabrutinib (ACP-196) is a novel, potent, orally bioavailable btk inhibitor that was specifically designed to improve
on the safety and efficacy of first-generation btk inhibitors
such as ibrutinib 43. Acalabrutinib also binds Cys481 in
the btk active site, inactivating the enzyme and resulting
in the inhibition of proliferation and survival signals in
malignant B cells. However, acalabrutinib is more highly
selective than ibrutinib, resulting in less off-target activity.
It is therefore predicted to have fewer adverse effects, with
virtually no inhibition of epidermal growth factor receptor,
interleukin 2–inducible T-cell kinase, and tec (Table iii,
Figure 1)31,32,44. Indeed, acalabrutinib does not share the
off-target antiplatelet activity of ibrutinib43,45. In addition
to its selectivity, the twice-daily dosing of acalabrutinib
results in complete and continuous inhibition of btk
signalling over time, without increased toxic effects from
inhibition of other kinases14,43.
The efficacy and safety of acalabrutinib was evaluated
in the single-arm phase ii ace-ly-004 study, which included
124 subjects with r/r mcl enrolled between 12 March 2015
and 5 January 201614. Patients included in the study had
relapsed after, or been refractory to, 1 or more but not more
than 5 prior treatment regimens, with a median of 2 prior
therapies. Participants received acalabrutinib 100 mg twice
daily, continuously until progression or unacceptable drugrelated toxicity. The primary endpoint was investigatorassessed orr, based on the Lugano classification for nhl.
Preliminary analysis of the data was performed after a median follow-up of 15.4 months. An orr of 80.6% and a cr rate
of 39.5% were reported based on investigator assessment
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TABLE II Adverse events reported with Bruton tyrosine kinase inhibitorsa
Variable

Key trial, by inhibitor
Ibrutinib
Wang et al., 201529
(n=111)

Acalabrutinib
Wang et al., 201814
(n=124)

Zanubrutinib
Tam et al., 201738
(n=65)

Tirabrutinib
Walter et al., 201639
(n=12)

Observed
All grades: 50
Grade 3 or
greater: 6

Observed
All grades: 31
Grade 3 or
greater: 0.8
(1 case of
grade 3 or greater
GI hemorrhage
with history of ulcer)

Observed
All grades: 25
Grade 3 or
greater: 3

All grades:
not given
No increased risk

Observed
Grade 3 or
greater: 4.6

Not observed

Observed
All grades: 3

Observed,
but not
drug-related

Diarrhea

54

31

23

21

Fatigue

50

27

18

Not given

Adverse events of interest (%)
Bleeding

Atrial fibrillation

Common toxicities, all grades (%)

Nausea

33

18

Not given

15

Not given

38

Not given

Not given

Neutropenia

17

10

9

10

Thrombocytopenia

13

5

9

13

Anemia

11

12

11

13

28

13

URT: 2

LRT: 5

Headache
Hematologic toxicities, grade 3 or greater (%)

Infections, grade 3 or greater (%)
All reported

a	Adapted from Wu et al., 201632; Barf et al., 201731; Wang et al., 201529; Wang et al., 201814; Walter et al., 201639; and Tam et al., 201738.
GI = gastrointestinal; URT = upper respiratory tract; LRT = lower respiratory tract.

TABLE III Molecular targets of the various Bruton tyrosine kinase (BTK) inhibitors
Variable

Inhibitor
Ibrutinib

Target
Major off-targets

Anti-platelet activity

Acalabrutinib

Zanubrutinib

Tirabrutinib

BTK

BTK

BTK

BTK

ITK
EGFR
TEC
BMX

Minimal

ITK
(weak)

TEC
(weak)

Yes

No

No

No

ITK = interleukin 2–inducible T cell kinase; EGFR = epidermal growth factor receptor; TEC = Tec protein tyrosine kinase; BMX = cytoplasmic
tyrosine–protein kinase BMX.

(Table i, supplementary Appendix 1). Median dor and pfs
have not been reached; the estimated dor and pfs rates at
12 months were 72.1% and 63.6% respectively.
The most common aes (≥20% of patients; Table ii,
supplementary Appendix 1) were headache (38%), diarrhea (31%), fatigue (27%), and myalgia (21%). Headache
events were mostly grade 1 (64%), and most patients (77%)
experienced only 1 event. Headaches generally occurred
early in treatment, at a median onset of 5 days, and were
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manageable, with a low rate of treatment withholding (4%
of patients). The most frequently reported grades 3 and 4
aes (≥5% of patients) were neutropenia (11%) and anemia
(9%). Serious aes reported in 2 or more patients included
pneumonia (4.0%), anemia (3.2%), general physical health
deterioration (2.4%), sepsis, tumour lysis syndrome, and
vomiting (each 1.6%). No cases of atrial fibrillation occurred; 1 case of grade 3 hemorrhage was reported in a
patient with a history of ulcer. Treatment discontinuations
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Tirabrutinib is not yet approved in Canada or in any other
country for the treatment of hematologic malignancies.

Zanubrutinib
Zanubrutinib is a second-generation btk inhibitor that
is also selective and irreversible 38. In preclinical studies,
less off-target activity was observed with zanubrutinib
than with ibrutinib against a number of kinases, including interleukin 2–inducible T-cell kinase (Table iii,
supplementary Appendix 1) 32 . Both in the REC-1 mcl
and TMD-8 xenograft models, zanubrutinib has induced
dose-dependent antitumour effects that are superior to
those seen with ibrutinib.
An open-label dose-escalation study examined the efficacy and safety of zanubrutinib in 99 patients with r/r nhl
(supplementary Appendix 1) 38. In patients with r/r mcl or
diffuse large B-cell lymphoma (n = 65), whose median age
was 70 years and who had received 2 prior therapies, the orr
in the mcl subgroup was 88%, and the cr rate was 25% after
a median follow-up of 9.5 months. The most common aes
(Table iii, supplementary Appendix 1) included petechiae
(25%), diarrhea (23%), and constipation (22%). The most
frequently reported grades 3 and 4 aes (≥5% of patients)
were anemia (11%), thrombocytopenia (9%), neutropenia
(9%), and pneumonia (6%). Severe hemorrhage and atrial
fibrillation were each reported in 3% of patients. Zanubrutinib is not yet approved in Canada or in any other country
for the treatment of hematologic malignancies.
FIGURE 1 Comparison of acalabrutinib and ibrutinib in competitive
binding assays on wild-type and mutant kinases. Adapted with permission from Figure 3 in Barf et al., 201731, which was published by ASPET
under the CC BY-NC Attribution 4.0 International license.

because of toxicity occurred in 5.6% of patients, with no
treatment discontinuation as a result of headache. Acalabrutinib is not yet approved by Health Canada for the
treatment of r/r mcl; however, based on results of the
phase ii ace-ly-004 study, it was approved by the fda in
October 2017 for the treatment of patients with mcl whose
cancer has progressed after at least 1 prior therapy14,30.

Tirabrutinib
Tirabrutinib is a selective and irreversible btk inhibitor that
induces apoptosis in the TMD-8 cell line of activated–B-cell
diffuse large B-cell lymphoma32,39,46. Tirabrutinib inhibits
btk signalling through akt and protein kinase D and can
inhibit auto-phosphorylation of btk at the Tyr223 position
through the erk, akt, and pkd signalling pathways in vitro46.
A multicentre dose-escalation study examined the efficacy and safety of tirabrutinib in patients with r/r B-cell
malignancies39 (Tables i and ii, supplementary Appendix 1).
In 16 patients with r/r mcl whose median age was 64 years,
11 of 12 evaluable patients experienced an orr of 92% and a
cr rate of 46% after a median follow-up of 309 days. The most
common aes in patients with nhl (n = 62) were anemia (36%),
thrombocytopenia (21%), and diarrhea (21%). In addition,
1 case of grade 3 hemorrhage and 1 case of atrial fibrillation (thought to be unrelated to the study drug) occurred.
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FUTURE DIRECTIONS
Inhibitors of btk have been examined for the treatment of
a number of hematologic malignancies in addition to mcl,
including cll, Waldenström macroglobulinemia, diffuse
large B-cell lymphoma, and marginal zone lymphoma
(supplementary Appendix 2). Based on data from phase ii/
iii studies, ibrutinib is now approved by Health Canada for
patients with r/r mcl, for untreated patients with cll and
17p deletion, for patients with cll who have received at least
1 prior therapy, for patients with cll who have received at
least 1 prior therapy in combination with bendamustine
and rituximab, for patients with marginal zone lymphoma
who have received at least 1 prior anti-CD20–based therapy,
for patients with Waldenström macroglobulinemia, and
for patients with steroid-dependent or refractory chronic
graft-versus-host disease20.
Ongoing phase iii trials comparing acalabrutinib and
other novel btk inhibitors with ibrutinib will aid in further
clarifying the benefit of the second-generation btk inhibitors (supplementary Appendix 2). Regimens that combine
btk inhibitors with other agents such as novel CD19 and
CD20 antibodies, B-cell lymphoma 2 inhibitors, pi3k
inhibitors, and alk inhibitors will likely further improve
outcomes. However, it will be important to consider the
combined toxicity of those agents.
In cll, a randomized trial of ibrutinib monotherapy
compared with ibrutinib–rituximab did not demonstrate
an improvement in pfs or os with the addition of rituximab47. However, in vitro studies suggest that acalabrutinib
does not result in off-target inhibition of T-cell or natural
killer cell function48. Whether the addition of an anti-CD20
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monoclonal antibody to acalabrutinib results in additional
benefit awaits the results of ongoing studies. Finally, it
will be of interest to examine whether an alternative btk
inhibitor can overcome resistance to an initial btk inhibitor, although such a result would not be expected for
agents with the same binding site (for example, ibrutinib
and acalabrutinib).

CANADIAN PERSPECTIVE
The availability of ibrutinib for the treatment of r/r mcl
and other hematologic malignancies has clearly benefited patients by improving on the outcomes achieved with
previously available agents. Despite the importance of
ibrutinib for patients with r/r mcl, most patients do not
achieve a cr, and some patients experience intolerable toxicities. Off-target effects such as bleeding, gastrointestinal
toxicities, and atrial fibrillation are a concern for certain
patients and can lead to discontinuation before progression
of disease. Those toxicities can be difficult to manage and
have emerged as a growing concern among hematologists
as experience with ibrutinib in the management of cll
increases in clinical practice. The study by Mato et al.15
confirmed that, in a real-world setting, more patients discontinued ibrutinib because of toxicity than discontinued
the drug in the clinical trials. Although those findings have
not yet been demonstrated in mcl, the move to incorporate
btk inhibitors earlier in the treatment of mcl (with longer
expected duration of response) suggests that discontinuation because of toxicity could also become a problem
for patients with mcl. In addition, the greater dose of btk
inhibitors given in mcl compared with cll might also result
in greater toxicities for the patients with mcl. Patients who
discontinue treatment (and possibly those who receive a reduced dose) are thus unable to obtain the maximal benefit
of btk inhibition. In addition, many patients might not be
given ibrutinib because of comorbidities, including atrial
fibrillation or conditions that increase the risk of bleeding.
Access to additional therapies that are effective and
well-tolerated is a key unmet need for patients with r/r mcl,
for whom few effective treatment options are available. The
development of novel btk inhibitors that aim to improve on
the safety profile of ibrutinib by reducing off-target effects
might produce therapies that are better tolerated. Early
evidence suggests that second-generation btk inhibitors
are highly effective and might provide viable treatment
options for patients with r/r mcl. With respect to those
novel agents, the greatest amount of available data relates
to acalabrutinib, which might have a toxicity profile better
than that for ibrutinib, although comparative trials are
lacking. It is unclear, however, whether the requirement for
twice-daily dosing will hinder compliance. Nevertheless,
the favourable toxicity profile seen in early trials of secondgeneration btk inhibitors is encouraging, but must be
confirmed with greater follow-up. Results of phase iii trials
in cll comparing first-generation with second-generation
btk inhibitors will also aid in evaluating the comparative
efficacy and safety of those agents. Additionally, data from
patients treated with a second-generation btk inhibitor after experiencing ibrutinib-related toxicities should clarify
whether such patients could benefit from a more selective
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btk inhibitor. Moreover, in light of attempts to combine
btk inhibitors with additional therapies in mcl patients,
the use of btk inhibitors with better toxicity profiles might
improve the tolerability and efficacy of such combinations.
In the meantime, additional effective and well-tolerated
treatment options would allow physicians to consider the
safety profile of available agents, patient comorbidities,
and patient preference to select what could ultimately be
the best treatment for their patients.

CONCLUSIONS
Mantle cell lymphoma is an aggressive disease with especially poor outcomes in the relapsed setting. Despite
improved outcomes with ibrutinib, btk inhibition is not
curative in mcl, and additional treatments are needed.
Real-world experience with ibrutinib demonstrates that
the drug can be associated with toxicities that lead to
treatment discontinuation or dose reduction for some
patients. Second-generation btk inhibitors were designed
to improve on the efficacy and toxicity profiles of ibrutinib. Data from phase ii trials indicate that the novel btk
inhibitors are highly effective. Moreover, they have demonstrated favourable toxicity profiles and might be associated
with fewer troublesome aes (including atrial fibrillation
and major bleeding) than are seen with ibrutinib. Of the
second-generation btk inhibitors, acalabrutinib is the furthest into development and has been approved by the fda
in the relapsed setting. In the future, second-generation
btk inhibitors could also form a critical component of
combination regimens, whose overall toxicity profile is of
key importance. Longer follow-up, real-world experience,
and comparative trials should aid in establishing their role.
Notwithstanding the differences between ibrutinib and
second-generation btk inhibitors, the class effect seems
clear in terms of efficacy in r/r mcl, and the introduction of
competition in this market should be valuable for reducing
the cost of those agents.
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