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Summary
Mantle cell lymphoma (MCL) after relapse is associated with poor prognosis. No 
standard of care exists and available evidence for treatments is limited, particu-
larly in patients who fail Bruton tyrosine kinase inhibitor (BTKi) therapy. This 
multicentre retrospective chart review study, SCHOLAR- 2, addresses this knowl-
edge gap and reports on data collected from 240 patients with relapsed/refractory 
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I N TRODUC TION

Mantle cell lymphoma (MCL) is a rare and aggressive sub-
type of B- cell non- Hodgkin lymphoma, accounting for 
<10% of all non- Hodgkin lymphoma subtypes. It is more 
commonly diagnosed in men and typically presents as ad-
vanced stage disease in patients aged >60 years.1– 4 Although 
some patients have indolent MCL at diagnosis, most patients 
usually experience a relapsing course and require multiple 
lines of therapy conferring a poor prognosis, especially after 
initial relapse.3,5,6

No widely applicable standard therapeutic approach ex-
ists for relapsed/refractory (R/R) MCL, therefore treatment 
choice for these patients is influenced by age, performance 
status, comorbidities and prior therapy.1 Treatment options 
include covalent Bruton tyrosine kinase inhibitors (BTKi), 
cytotoxic chemotherapy, immunomodulatory drugs, protea-
some inhibitors, mammalian target of rapamycin inhibitors, 
and allogenic stem cell transplantation.1,2,7 In the United 
States, newer approved agents include bortezomib (protea-
some inhibitor), lenalidomide (immunomodulator), ibruti-
nib (BTKi), acalabrutinib (BTKi), and zanubrutinib (BTKi). 
Currently, BTKis represent the most frequently used drug 
class in R/R MCL; however, early observations of patients 
with disease progression during or after BTKi exposure have 
demonstrated extremely poor survival and very limited sub-
sequent options.8– 11

Recently, brexucabtagene autoleucel (formerly KTE- 
X19), a CD19- directed chimeric antigen receptor (CAR) 
T- cell therapy, was approved by the United States Food 
and Drug Administration (FDA) and European Medicines 
Agency for the treatment of R/R MCL.12,13 Approvals were 
based on a phase II multicentre, open- label trial (ZUMA- 
2; NCT02601313) that evaluated brexucabtagene autoleucel 
in patients with R/R MCL who had prior BTKi therapy.14 

Currently, no direct comparison between CAR T- cell ther-
apy and other treatment options is available. Despite lim-
itations, historical survival estimates for standard- of- care 
therapies may provide a benchmark for such treatment com-
parisons. The existing evidence base for patients with R/R 
MCL post- BTKi therapy comprises only a limited number 
of small (sample size ranging from 20 to 73), retrospective, 
non- comparative, observational studies.8– 11 Nevertheless, 
these studies reported a median overall survival (OS) rang-
ing from 5.8 to 12.5 months with subsequent treatment(s) in 
the post- BTKi setting.8– 11 To provide updated survival es-
timates in a larger population, we conducted a large, retro-
spective chart review of European patients with R/R MCL 
with prior BTKi therapy (SCHOLAR- 2).

M ETHODS

Study design and patients

SCHOLAR- 2 was a retrospective, observational, multicen-
tre, international chart review of patients aged ≥18 years with 
R/R MCL, previously treated with a BTKi, and with disease 
progression while on BTKi therapy or who discontinued due 
to intolerance. BTKi therapy was initiated between July 2012 
and July 2018. The first date reflects the availability of ibru-
tinib for compassionate use in 2013, and some patients may 
have received ibrutinib in a clinical trial prior to this date. 
The second date allowed for at least 12 months of potential 
follow- up. Patients with central nervous system manifesta-
tion (history/current) were excluded, as were those who had 
received CAR T- cell therapy or other genetically modified 
T- cell therapy.

Patients were enrolled from centres in the UK, France, 
Germany, Spain, Italy, Sweden, and Denmark. Eligible 

MCL in Europe who were treated with BTKi- based therapy between July 2012 
and July 2018, and had experienced disease progression while on BTKi therapy or 
discontinued BTKi therapy due to intolerance. The median overall survival (OS) 
from initiation of first BTKi therapy was 14.6 months (95% confidence interval 
[CI] 11.6– 20.0) in the overall cohort, 5.5 months (95% CI 3.9– 8.2) in 91 patients 
without post- BTKi therapy, and 23.8 months (95% CI 18.9– 30.1) in 149 patients 
who received post- BTKi therapy (excluding chimeric antigen receptor T- cell treat-
ment). In the latter group, patients received a median of one (range, one to seven) 
line of post- BTKi therapy, with lenalidomide- containing regimens and bendamus-
tine plus rituximab being the most frequently administered; the median OS from 
initiation of first post- BTKi therapy was 9.7 months (95% CI 6.3– 12.7). These re-
sults provide a benchmark for survival in patients with R/R MCL receiving salvage 
therapy after BTKi failure.

K E Y W O R D S
Bruton tyrosine kinase inhibitor, mantle cell lymphoma, post- BTKi, real- world evidence, survival
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centres met all of the following criteria: inpatient diagnos-
tic and treatment facilities for patients with B- cell lympho-
mas; belonged to a network of oncologists or haematologists 
who treated patients with R/R B- cell lymphomas; had been 
operational and treating patients with B- cell lymphoma for 
≥24 months; and had clinical records available for review. 
Participating investigators reviewed and screened medical 
records of all identified patients with R/R MCL for study 
eligibility.

Study approval was obtained from the Institutional 
Review Boards and Ethics Committees from all relevant in-
stitutions by the participating site investigators, and written 
informed consent was obtained from all patients still alive. 
This study complied with all applicable local laws, regula-
tions, and guidance regarding patient protection including 
patient privacy.

Procedures

Data were collected between February 2020 and December 
2020 using standardised case report forms to abstract de-
mographics, disease characteristics, diagnosis, comorbid 
conditions, treatment history, survival status, and hospitali-
sations for each eligible patient. Demographics and clinical 
characteristics were collected at diagnosis for all patients. 
For patients who received post- BTKi therapy, additional 
baseline data were collected at the start of their first post- 
BTKi therapy.

Outcomes

The primary outcome was OS among patients with R/R 
MCL who had progressive disease while on BTKi therapy or 
discontinued BTKi therapy due to intolerance. Secondary 
outcomes included patient demographics, disease character-
istics, and treatment patterns in this population.

Statistical approach

All analyses were descriptive, and no hypothesis or sig-
nificance testing was conducted to compare subgroups. 
Baseline characteristics and outcome measures were sum-
marised for patients with no missing data. Continuous 
variables were summarised using means (with standard 
deviation) and/or medians (with range or interquartile 
range). Categorical variables were summarised by fre-
quencies and percentages.

Assessments of patient characteristics at initial MCL di-
agnosis or at initiation of first post- BTKi therapy used mea-
surements obtained closest to the diagnosis date (within 
3 months) or post- BTKi start date (maximum of 6– 12 months 
prior and up to 1 month after) respectively. This maximised 
data availability as some patient characteristics were not 

routinely collected at initiation of later- line MCL therapies. 
Dates with missing months or years were considered missing 
and data were not used.

Treatment sequences by treatment class for up to five 
lines of therapy were illustrated using a Sankey diagram. 
BTKi treatments, pre- BTKi treatments, and first post- BTKi 
treatments received by the patients were also assessed.

Four different index dates were used to estimate OS: (i) 
initial MCL diagnosis, (ii) initiation of first BTKi therapy, 
(iii) discontinuation of first BTKi therapy, and (iv) initi-
ation of first post- BTKi therapy. Survival times for each 
patient were defined as the time from each of these dates 
until death from any cause. Patients who were known to be 
alive or lost to follow- up were censored at the last date of 
contact. Survival curves were estimated using the Kaplan– 
Meier approach and summarised using medians and 
two- sided 95% confidence intervals (CIs).15 The median 
follow- up times were calculated using the reverse Kaplan– 
Meier approach.16

R E SU LTS

Of the 282 patients screened, 240 patients with R/R MCL met 
the study eligibility criteria (Figure 1). These patients were 
from France (79 patients), Italy (42), the UK (42), Germany 
(35), Spain (28), Sweden (nine), and Denmark (five).

Demographic and clinical characteristics

Patient characteristics are presented in Table 1.

At initial MCL diagnosis

Patient characteristics at initial MCL diagnosis were sum-
marised for all patients with an available diagnosis date 
(226/240). Patients had a median (range) age of 68  (39– 
92) years. Most patients were male (74.8%), had Stage IV dis-
ease (81.5%), Eastern Cooperative Oncology Group (ECOG) 
Performance Status (PS) score of 0 or 1 (88.3%), bone marrow 
involvement (72.6%), and t(11;14) or cyclin D1 overexpres-
sion (92.2%). Other disease characteristics included blastoid 
morphology (25.2%), presence of B symptoms (28.5%), bulky 
disease ≥10 cm (8.4%), splenic involvement (44.1%), and ex-
tranodal disease (27.4%).

At the time of first post- BTKi treatment

At the initiation of post- BTKi therapy (n = 149), there was 
a higher proportion of patients with ECOG PS ≥2, blastoid 
morphology, Ki- 67 >30% or >50% (albeit with high missing 
rates), and bulky disease, but a slightly lower proportion of 
patients with Stage IV disease and bone marrow involvement 
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than at initial MCL diagnosis. The median age increased 
from 68 to 71 years. Other disease characteristics were gen-
erally similar between the two time- points.

In all, 50 (33.6%) patients had prior autologous/alloge-
neic stem cell transplantation. The median (range) number 
of prior lines of therapy including a BTKi was three (one– 
11). The median (range) duration of prior BTKi therapy was 
7.1  (0.4– 53.7)  months. Reasons for BTKi discontinuation 
included intolerance (22 [14.8%]) and disease progression 
while on therapy (127 [85.2%]). The best objective response 
rate to BTKi was 34.6% (46/133, 16 complete and 30 partial 
responses) in evaluable patients. Of note, in the subgroup 
of patients without post- BTKi therapy, 73.6% of patients 
discontinued BTKi due to disease progression (and 26.4% 
due to intolerance) after a median (range) BTKi duration of 
3.8 (0.1– 55.2) months.

Treatments

At the time of data collection, all 240 patients had received 
at least two lines of therapy for MCL (median [range] four 
[two– 12]), with a high proportion of patients observed 
receiving further treatments in third- line (3 L; 85.4%), 
fourth- line (4 L; 60.8%), and fifth or later lines (≥5 L; 39.2%; 
Figure 1). Almost all patients (97.1%) received first- line (1 L) 
chemotherapy ± antibodies. About one- third of patients re-
ceived a BTKi in each subsequent line of treatment. Figure 2 
illustrates the transition from 1 L up to 5 L therapy, including 
the proportion of patients without further treatments (due to 
death or censoring at last follow- up). Most patients (96.6%) 
had received bendamustine plus rituximab (BR; 38.1%), 
cytarabine- containing regimens (51.7%) and other chemo-
therapy ± antibodies (58.9%) prior to a BTKi (Table S1).

F I G U R E  1  Patient f low diagram and treatment overview. The top three most common treatments received are listed in the grey- shaded boxes; 
treatments were classified into 11 mutually exclusive subcategories according to the following hierarchy: BTKi regimens, chemotherapies (BR, R- BAC, 
cytarabine- containing regimen, gemcitabine- containing regimens or other chemotherapy ± antibodies), targeted therapies (lenalidomide- containing 
regimens, bortezomib- containing regimens, temsirolimus- containing regimens, and other targeted therapies ± antibodies), and other treatments 
such as anti- metabolite, radioimmunotherapy, radiotherapy, or unknown. BR, bendamustine + rituximab; BTKi, Bruton tyrosine kinase inhibitor; 
CAR, chimeric antigen receptor; MCL, mantle cell lymphoma; R- BAC, rituximab + bendamustine + cytarabine. aOne patient had multiple reasons for 
exclusion. [Colour figure can be viewed at wileyonlinelibrary.com]
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T A B L E  1  Baseline characteristics

Baseline characteristic

At initial MCL 
diagnosisa 
(N = 226)

At start of first 
post- BTKi 
therapyb (N = 149)

Age, years

Median (range) 68.0 (39.0– 92.0) 71.0 (43.0– 91.0)

Mean (SD) 67.1 (10.8) 70.9 (9.45)

Male, n (%) 169 (74.8) 108 (72.5)

Disease Stage, n (%)

I 2 (1.0) 5 (4.5)

II 10 (5.0) 8 (7.2)

III 25 (12.5) 20 (18.0)

IV 163 (81.5) 78 (70.3)

Missing 26 38

ECOG PSc, n (%)

0 67 (48.9) 29 (27.6)

1 54 (39.4) 39 (37.1)

≥2 16 (11.7) 37 (35.2)

Missing 89 44

s- MIPI, n (%)

Low risk (score 0– 3) 14 (13.6) 3 (4.8)

Intermediate risk 
(score 4– 5)

18 (17.5) 14 (22.6)

High risk (score ≥6) 71 (68.9) 45 (72.6)

Missing 123 87

Ki- 67 Proliferation 
Index, n (%)

≥30% 55 (58.5) 17 (77.3)

≥50% 33 (35.1) 13 (59.1)

Missing 132 127

Morphology, n (%)

Blastoid 36 (25.2) 17 (37.0)

Pleomorphic 7 (4.9) 2 (4.3)

Non- blastoid or 
non- pleomorphic

100 (69.9) 27 (58.7)

Missing 83 103

LDH

Assessed, n 156 103

Median (range), μ/l 334.5 (10.0– 2551.0) 363.00 (3.0– 2990.0)

Presence of B 
symptoms, n/N (%)

51/179 (28.5) 27/100 (27.0)

Bulky disease ≥10 cm, 
n/N (%)

15/179 (8.4) 19/100 (19.0)

Splenic involvement, 
n/N (%)

79/179 (44.1) 41/100 (41.0)

Extranodal disease, 
n/N (%)

49/179 (27.4) 29/100 (29.0)

Bone marrow 
involvement,  
n/N (%)

130/179 (72.6) 45/100 (45.0)

(Continues)

Baseline characteristic

At initial MCL 
diagnosisa 
(N = 226)

At start of first 
post- BTKi 
therapyb (N = 149)

t(11;14) or cyclin D1 
overexpression, 
n/N (%)

130/141 (92.2) - - d

t(11;14), n/N (%) 30/35 (85.7) 10/12 (83.3)

Cyclin D1 
overexpression, 
n/N (%)

117/134 (87.3) - - d

WBC count

Assessed, n 164 - - d

Median  
(range), × 109/l

8.96 (1.00– 47570.0) - - d

TP53 mutation, n/N (%) 20/37 (54.1) - - d

Prior lines of therapy, 
n, median (range)

- - 3 (1– 11)

No. of prior lines of 
therapy, n (%)

1 - - 4 (2.7)

2 - - 52 (34.9)

3 - - 44 (29.5)

≥4 - - 49 (32.9)

Previous SCT, n (%)

Anye - - 50 (33.6)

Autologous - - 48 (32.2)

Allogeneic - - 3 (2.0)

None - - 99 (66.4)

Prior BTKi therapy, 
n (%)

Ibrutinib - - 145 (97.3)

Acalabrutinib - - 4 (2.7)

Duration on prior 
BTKi therapy, 
months

- - n = 148

Median (range) - - 7.1 (0.4– 53.7)

Mean (SD) - - 11.7 (12.0)

CR or PR as best 
response to prior 
BTKi therapy, n/N 
(%)

- - 46/133 (34.6)

Reasons for BTKi 
discontinuation, 
n (%)

Intolerance to BTKi 
therapy

- - 22 (14.8)

Disease progression 
while on BTKi 
therapy

- - 127 (85.2)

Time interval 
between BTKi 
discontinuation and 
start of post- BTKi 
therapy, months

n = 148

T A B L E  1  (Continued)

(Continues)
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Most patients (93.8%) received only one BTKi regimen, but 
14 (5.8%) received two lines of BTKi regimens and one (0.4%) 
received three lines of BTKi regimens. Four patients (1.7%) re-
ceived 1 L BTKi and more than half of patients received their 
first BTKi therapy in 2 L (35.4%) or 3 L (28.3%). The remaining 
patients received their first BTKi in 4 L (16.7%), 5 L (12.1%), or 
later lines (5.8%). The first BTKi regimens often included ibru-
tinib, either as monotherapy (87.1%) or in combination with 
other agents (10.4%), with a small proportion of patients (2.5%) 
receiving acalabrutinib monotherapy (Table S2).

After discontinuing BTKi therapy, 91 (37.9%) patients re-
ceived no further systemic anti- lymphoma therapy. Causes 
of death and reasons for not receiving post- BTKi therapies 
were not collected. These patients had received their first 
BTKi in 2 L (36.3%), 3 L (26.4%), and ≥4 L (37.4%).

Of the other 149 patients who received further systemic 
anti- lymphoma therapy, four patients (2.7%) had received 
1 L BTKi whereas the rest received their first BTKi in 2 L 
(34.9%), 3 L (29.5%), or beyond (32.9%). Most patients 
(61.7%) received only one post- BTKi treatment, 16.8% 
received a total of two post- BTKi treatments, and 14.8% 
received three. Lenalidomide- containing regimens (17.4%) 
and BR (16.8%) were the two most common types of subse-
quent treatment following BTKi discontinuation (Table 2; 
Table S3).

Survival

At the time of data collection, 192/240 (80.0%) patients had 
died; of the 149 who received post- BTKi treatments, 106 
(71.1%) had died. The median OS from initial MCL diag-
nosis for the 226 patients with an available diagnosis date 
was 64.5 months (95% CI 51.7– 78.5; Figure 3). The estimated 
OS was 93.3% at 1 year, 78.3% at 2 years, and 53.8% at 5 years 
after MCL diagnosis.

The median OS from initiation of first BTKi therapy 
for all 240 patients was 14.6 months (95% CI 11.6– 20.0; 
Figure  4A). Patients who received post- BTKi therapy had 
longer survival from initiation of first BTKi therapy (me-
dian OS: 23.8 months [95% CI 18.9– 30.1], n = 149) compared 
with those who did not receive subsequent therapy (median 
OS: 5.5 months [95% CI 3.9– 8.2], n = 91). The estimated OS 
at 1 year from the initiation of BTKi therapy was 69.1% in 
patients receiving post- BTKi therapy and 34.4% in patients 
without post- BTKi therapy; at 2 years, the estimated OS was 
50.0% and 17.2% respectively.

The median OS from discontinuation of first BTKi ther-
apy was 4.0 months (95% CI 2.8– 7.4, n = 238) for the entire 
cohort, 0.4 months (95% CI 0.2– 0.7, n = 90) for the subgroup 
of patients without post- BTKi therapy, and 11.4 months (95% 
CI 7.9– 14.7, n = 148) for the subgroup of patients with post- 
BTKi therapy (Figure 4B). In this latter subgroup of patients 
with post- BTKi therapy, OS was higher among those with 
longer median BTKi duration (vs. shorter) and among those 
who discontinued BTKi due to intolerance (vs. disease pro-
gression; Figure S1).

A landmark analysis for OS from discontinuation of first 
BTKi therapy was performed to account for potential immor-
tal time bias where some patients may not have survived long 
enough after BTKi discontinuation to receive subsequent 
therapy. A landmark time of 11 days, which represented the 
median time from BTKi discontinuation to the start of post- 
BTKi therapy, was selected and any patients who were lost 
to follow- up or died prior to this time were excluded from 
the analysis. Compared to the original analysis, median OS 
among patients who did not receive post- BTKi therapy in-
creased from 0.4 to 1.3 months, whereas the median survival 
among patients with post- BTKi therapy slightly shifted from 
11.4 to 11.1 months in the landmark analysis (Table S4).

Among the 149 patients receiving post- BTKi therapy, the 
median OS from initiation of first post- BTKi therapy was 
9.7 months (95% CI 6.3– 12.7) after a median follow- up of 
27.3 months (Figure 4C), and the estimated OS was 43.4% at 
1 year and 27.2% at 2 years. In this group, patients with one to 
two lines prior to initiation of their first post- BTKi therapy 
tended to have a slightly more favourable survival (median 
OS: 12.3 months [95% CI 7.4– 17.6]) compared with patients 
who received three prior lines (median OS: 10.3 months 
[95% CI 3.8– 15.8]) or four or more prior lines (median OS: 
7.7 months [95% CI 4.3– 11.7]; Figure 4D).

DISCUSSION

As MCL generally follows an aggressive clinical course with 
patients experiencing frequent relapses, management of pa-
tients with R/R disease remains challenging, as treatment 
response declines at each successive line of treatment.4,17 
In particular, clinical outcomes are usually poor in patients 
with R/R MCL treated with currently available systemic 
therapies in the post- BTKi setting.8– 11,18 Published data on 
patients with R/R MCL who have previously failed a BTKi 

Baseline characteristic

At initial MCL 
diagnosisa 
(N = 226)

At start of first 
post- BTKi 
therapyb (N = 149)

Median (range) - - 0.4 (0, 48.9)

Mean (SD) - - 2.5 (7.2)

Abbreviations: BTKi, Bruton tyrosine kinase inhibitor; CR, complete response; 
ECOG PS, Eastern Cooperative Oncology Group Performance Status; LDH, lactate 
dehydrogenase; MCL, mantle cell lymphoma; PR, partial response; SCT, stem cell 
transplantation; SD, standard deviation; s- MIPI, simplified Mantle Cell Lymphoma 
International Prognostic Index; TP53, tumour protein p53 gene; WBC, white blood 
cell.
aTime window: reported within 3 months (before or after) of diagnosis date.
bTime window: reported 6– 12 months prior to start of first post- BTKi therapy and 
up to 1 month after.
cPerformance score was based on Karnofsky Performance Status in two patients 
at initial MCL diagnosis and in one patient at start of first post- BTKi therapy and 
converted to ECOG PS (Karnofsky Performance Status categories 90– 100/70– 
80/50– 60/30– 40/10– 20 corresponded to ECOG PS 0/1/2/3/4).
dWBC count, cyclin D1 overexpression, and TP53 mutation not available at start of 
first post- BTKi therapy.
eOne patient received both autologous SCT and allogeneic SCT.

T A B L E  1  (Continued)
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are limited, and, to our knowledge, SCHOLAR- 2 provides 
the largest real- world experience to date of subsequent sal-
vage therapies following BTKi discontinuation. This cohort 
of BTKi- treated patients with R/R MCL across multiple 
European centres confirms the urgent unmet need for new 
treatment options that can improve survival in patients with 

R/R MCL who relapse after receiving BTKi or who are in-
tolerant to BTKi therapies. Results from our study showed 
a median OS of 9.7 months (95% CI 6.3– 12.7) from start of 
subsequent treatment post- BTKi, which is consistent with 
the literature of smaller retrospective studies, i.e., median 
OS of 5.8– 12.5 months with subsequent treatments such as 
venetoclax,10 rituximab, bendamustine, and cytarabine (R- 
BAC)9 and various salvage treatments.8,11,18

Comparisons across retrospective studies can be chal-
lenging due to known and unknown differences in the 
distributions of prognostic factors and treatment effect 
modifiers, with prior lines of therapy being a potential key 
factor.17 Nevertheless, other published studies provide con-
text for our findings. A retrospective observational study by 
McCulloch et al.9 previously evaluated the efficacy of R- BAC 
(post- BTKi therapy) in 36 patients with R/R MCL who were 
treated within routine clinical practice in the UK and Italy. 
Most patients (n  =  32/36, 88.9%) had less than three prior 
lines of therapy at start of R- BAC, which differed from our 
study population (n  =  56/149, 37.6%). The median OS was 
12.5 months (95% CI 11.0– 14.0) from start of R- BAC and this 
was comparable to that observed in the subgroup of patients 
from SCHOLAR- 2 with less than three prior lines of ther-
apy (12.3 months). This is despite SCHOLAR- 2 featuring a 
broader mix of post- BTKi interventions than just R- BAC. 
In another retrospective study by Martin et al.,8 the me-
dian OS from the start of first subsequent salvage treatment 
post- BTKi was 5.8 months (95% CI 3.7– 10.4) in patients with 
R/R MCL who had received a median of four prior thera-
pies, which again was more closely in line with that observed 

F I G U R E  2  Sankey diagram of treatment patterns (from 1 L up to 5 L). Treatment patterns of patients from 1 L up to 5 L (left to right) among 240 
patients with relapsed/refractory mantle cell lymphoma who received BTKi between July 2012 to July 2018. The proportions (%) shown are based on 
total number of patients (N) receiving the preceding line of treatment (except for 1 L, which is based on 240 patients). 1 L, first- line; 2 L, second- line; 3 L, 
third- line; 4 L, fourth- line; 5 L, fifth- line; BR, bendamustine + rituximab; BTKi, Bruton tyrosine kinase inhibitor; MCL, mantle cell lymphoma; R- BAC, 
rituximab + bendamustine + cytarabine. *Others included anti- metabolite, radioimmunotherapy, radiotherapy, or unknown [Colour figure can be 
viewed at wileyonlinelibrary.com]

T A B L E  2  First post- Bruton tyrosine kinase inhibitor therapy 
(N = 149)

Treatment N (%)

Chemotherapies (± antibodies) 78 (52.3)

R- BAC 11 (7.4)

BR 25 (15.8)

Cytarabine- containing regimens 16 (10.7)

Gemcitabine- containing regimens 4 (2.7)

Other chemotherapy (± antibodies) 22 (14.8)

Targeted therapies (± antibodies) 67 (45.0)

BTKi regimens 8 (5.4)

Lenalidomide- containing regimens 26 (17.4)

Bortezomib- containing regimens 13 (8.7)

Temsirolimus- containing regimens 1 (0.7)

Other targeted therapies (± antibodies) 19 (12.8)

Others 4 (2.7)

Radiotherapy 4 (2.7)

Abbreviations: BR, bendamustine + rituximab; BTKi, Bruton tyrosine kinase 
inhibitor; R- BAC, rituximab + bendamustine + cytarabine.
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in the subgroup of patients with four or more prior lines in 
SCHOLAR- 2 (7.7 months). Beyond differences in number 
of prior lines of therapy and the types of subsequent treat-
ments received by the patients, variations in OS reported 
across existing studies and SCHOLAR- 2 may have also been 
influenced by differences in other baseline characteristics 
(prognostic factors and/or treatment effect modifiers). Not 
taking into account potential differences in patient or treat-
ment characteristics, SCHOLAR- 2 did show more favour-
able post- BTKi survival outcomes in patients who had fewer 
prior lines of therapy, which could also reflect improved 
clinical management in later stages of the disease.

Our study population included heavily pretreated, high- 
risk patients with R/R MCL who had failed BTKi. We recog-
nise that the observed response rates are not representative 

of all patients with R/R MCL receiving BTKi in clinical prac-
tice. Almost all study patients (97.0%) received chemothera-
pies ± antibodies as front- line treatment. In subsequent lines, 
patients mostly received BTKi regimens, and chemothera-
pies such as cytarabine- containing regimens or BR. About 
two- thirds of patients received their first BTKi regimens in 
2 L or 3 L, and upon BTKi discontinuation, a third of patients 
switched to lenalidomide- containing regimens or BR. It is 
important to highlight that data from SCHOLAR- 2 reflects 
recent clinical practice but did not include CAR T- cell ther-
apies. Anti- CD19 CAR T- cell therapies belong to a new gen-
eration of cancer immunotherapies and have recently shown 
considerable efficacy in patients with R/R malignant B- cell 
lymphoma.19– 21 To date, brexucabtagene autoleucel is the 
only CAR T- cell therapy approved in Europe for post- BTKi 

F I G U R E  3  Kaplan– Meier plots of overall survival from initial diagnosis of mantle cell lymphoma. Tick marks indicate censored data. BTKi, Bruton 
tyrosine kinase inhibitor; CI, confidence interval.

F I G U R E  4  Kaplan– Meier plots of overall survival from initiation or discontinuation of treatment for mantle cell lymphoma. Kaplan– Meier plots 
of overall survival (A) from date of initiation of first BTKi therapy, (B) from date of discontinuation of first BTKi therapy, (C) from date of initiation of 
first post- BTKi therapy (among all 149 patients who received post- BTKi therapy), and (D) from date of initiation of first post- BTKi therapy, by subgroup 
based on lines of therapy. Tick marks indicate censored data. BTKi, Bruton tyrosine kinase inhibitor; CI, confidence interval; LOT, lines of prior therapy. 
[Colour figure can be viewed at wileyonlinelibrary.com]
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R/R MCL based on the positive results from the single- arm 
ZUMA- 2 trial.14 At the time of the primary efficacy analysis 
of ZUMA- 2, the median OS had not been reached, and the 
12- month OS was estimated to be 83.3% (compared to 43.4% 
in SCHOLAR- 2). However, there were some observed differ-
ences in baseline characteristics between the ZUMA- 2 and 
SCHOLAR- 2 populations. Most notably, the SCHOLAR- 2 
population at start of post- BTKi treatments were slightly 
older, had more patients with Stage IV disease and included 
34% patients with an ECOG PS of 2. When restricting to the 
59 patients with an ECOG PS of 0/1 (to match ZUMA- 2) and 
who had started a post- BTKi therapy prior to July 2019 (to 
allow for a minimum of 12- months follow- up), the median 
OS increased to 15.7 months (95% CI 10.0– 30.9) with an es-
timated 12- month OS of 57.5%.22 We recently performed an 
indirect comparison to ZUMA- 2 using this subset of 59 pa-
tients, and results suggested that brexucabtagene autoleucel 
was more effective in terms of OS than other salvage treat-
ments in this population, both before and after adjusting for 
differences in key prognostic factors and treatment effect 
modifiers (unadjusted hazard ratio 0.37 [95% CI 0.20– 0.66], 
adjusted hazard ratio 0.33 [95% CI 0.18– 0.59] based on an 
inverse probability weighting approach).22

Of note, although the indirect treatment comparison 
was based on 59/240 (25%) SCHOLAR- 2 patients who best- 
matched the patients enrolled in ZUMA- 2, this does not rep-
resent the true proportion of patients who would be eligible 
for CAR T- cell therapy from SCHOLAR- 2. For the indirect 
comparison, we were only interested in the subset of patients 
who had received post- BTKi treatment at data cut- off. It is 
unclear what proportion of patients who did not initiate post- 
BTKi therapies in SCHOLAR- 2 would have been able to go 
on to CAR T- cell therapy if it had been available at that time. 
Similarly, a proportion of the patients that were removed 
from our analysis due to poor or missing ECOG PS may also 
have been eligible for CAR T- cell therapy. Nonetheless, there 
will still be a subset of patients who will not be able or eligi-
ble to receive CAR T- cell therapy post- BTKi failure for var-
ious reasons. This highlights an important area for further 
research to improve access to CAR T- cell therapy and/or de-
velop alternative effective treatments for those not eligible.

Several limitations should be taken into consider-
ation given the nature of the study design of SCHOLAR- 2. 
Retrospective studies are reliant on the quality and type 
of data available for collection. The median follow- up in 
SCHOLAR- 2 was long (11.1 years from initial MCL diag-
nosis); however, not all baseline characteristics were avail-
able for capture at diagnosis, resulting in high missing rates 
for several key variables such as the simplified Mantle Cell 
Lymphoma International Prognostic Index (54%), Ki- 67 
(58%), and tumour protein p53 gene (TP53) mutation (84%). 
Although disease stage was well- populated, we still observed 
a 12% missing rate. Moreover, patient characteristics were 
not routinely collected at the start date of the first post- BTKi 
therapy, and as such we extended the time window for collec-
tion to 6 or 12 months prior to treatment start date in order 
to maximise data availability, which may mean the reported 

values were not entirely reflective of the true characteristics 
at the start of treatment. It is also important to consider im-
mortal time bias when estimating OS from the discontin-
uation of BTKi therapy for subgroups of patients with and 
without post- BTKi therapy, as their assignment to either of 
these groups is contingent on surviving long enough to initi-
ate further treatment. To address this, we performed a land-
mark analysis including only patients who survived until 
the 11- day landmark time- point (based on median time to 
next treatment after discontinuation of BTKi therapy among 
the SCHOLAR- 2 patients). These results suggested that the 
OS estimates should be interpreted with caution due to the 
potential immortal time bias, specifically for the subgroup 
with no post- BTKi therapy. However, it is important to note 
that the objective of this analysis was not to compare sur-
vival between groups but to summarise treatment patterns 
and survival at different time- points.

SCHOLAR- 2 provides a detailed description of patient 
characteristics, treatment patterns, and survival outcomes 
for real- world patients with MCL who initiated BTKi treat-
ments between July 2012 and July 2018 and had experienced 
disease progression while on BTKi therapy or discontinued 
BTKi therapy due to intolerance, and benchmarks survival 
in patients receiving salvage therapy (excluding CAR T- cell 
therapy) after BTKi failure. Among these BTKi- treated pa-
tients, 64% received BTKi therapy in 2 L or 3 L of therapy, and 
62% received subsequent treatments after BTKi discontinua-
tion. Based on the available data, there was a higher propor-
tion of patients with high- risk features at start of post- BTKi 
therapy compared to initial MCL diagnosis, which aligned 
with the poorer median OS in the post- BTKi therapy setting. 
The OS observed in SCHOLAR- 2 is consistent with that re-
ported in the literature, which again confirms the poor clin-
ical outcomes of patients with R/R MCL, in particular those 
who failed on prior BTKi therapy.
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