
Submitted 19 January 2023; accepted 23 M
Advances First Edition 12 June 2023; final ve
https://doi.org/10.1182/bloodadvances.2023

*D.V. and A.J. contributed equally to this stud

Presented in abstract form at the 16th Inter
phoma in Lugano, Switzerland, 18 June 202

REGULAR ARTICLE

4576
Time to progression of disease and outcomes with second-line BTK
inhibitors in relapsed/refractory mantle cell lymphoma
D
ow

nloaded from
 http://ashpubli
Diego Villa,1,* Aixiang Jiang,1,* Carlo Visco,2 Nicola Crosbie,3 Rory McCulloch,4 Michael J. Buege,5,6 Anita Kumar,7 David A. Bond,8

Jonas Paludo,9 Matthew J. Maurer,10 Gita Thanarajasingam,9 Katharine L. Lewis,11,12 Chan Y. Cheah,11,12 Joachim Baech,13

Tarec C. El-Galaly,13 Laveniya Kugathasan,14 David W. Scott,1 Alina S. Gerrie,1 and David Lewis3

1British Columbia Cancer Centre for Lymphoid Cancer and University of British Columbia, Vancouver, BC, Canada; 2Department of Medicine, Section of Hematology,
University of Verona, Verona, Italy; 3Haematology, University Hospitals Plymouth NHS Trust, Plymouth, United Kingdom; 4Department of Haematology, Gloucestershire
Hospitals NHS Foundation Trust, Gloucester, United Kingdom; 5Department of Pharmacy, Memorial Sloan Kettering Cancer Center, New York, NY; 6University of Illinois
Chicago College of Pharmacy, Chicago, IL; 7Lymphoma Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY; 8Division of Hematology,
Department of Internal Medicine, The Ohio State University, Columbus, OH; 9Division of Hematology and 10Division of Clinical Trials and Biostatistics, Mayo Clinic, Rochester,
MN; 11Department of Haematology, Sir Charles Gairdner Hospital, Perth, WA, Australia; 12Division of Internal Medicine, Medical School, University of Western Australia, Perth,
WA, Australia; 13Department of Hematology, Clinical Cancer Research Center, Aalborg University Hospital, Haematology, Aalborg, Denmark; and 14Faculty of Medicine,
University of British Columbia, Vancouver, BC, Canada
cations.net/bloodadvances/article-pdf/7/16/4576/2072549/blooda_adv-2023-009804-m
ain.
Key Points

• Time to POD after 1L
rituximab-based
chemotherapy is
strongly associated
with PFS and OS from
the point of 2L BTKi
initiation.

• The 2L BTKi MIPI
identifies patients
expected to have
limited disease control
with 2L BTKis and who
may benefit from other
therapies.
pdf by guest on 07 
Time to progression of disease (POD) after first-line (1L) therapy is prognostic in mantle cell

lymphoma (MCL), although studies have included a broad range of 1L, second-line (2L), and

subsequent lines of therapy. The purpose of this study was to evaluate the factors predicting

outcomes in patients with relapsed/refractory (R/R) MCL exclusively initiating 2L Bruton’s

tyrosine kinase inhibitors (BTKis) after 1L rituximab-containing therapy. Patients were

accrued from 8 international centers (7 main, 1 validation cohort). Multivariable models

evaluating the association between time to POD and clinical/pathologic factors were

constructed and converted into nomograms and prognostic indexes predicting outcomes in

this population. A total of 360 patients were included, including 160 in the main cohort and

200 in the validation cohort. Time to POD, Ki67 ≥ 30%, and MCL International Prognostic

Index (MIPI) were associated with progression-free survival (PFS2) and overall survival

(OS2) from the start of 2L BTKis. C-indexes were consistently ≥0.68 in both cohorts.

Web/application-based calculators based on nomograms and prognostic indexes to estimate

PFS2 and OS2 were constructed. The 2L BTKi MIPI identifies 3 groups with distinct 2-year

PFS2, including high risk (14%), intermediate risk (50%), and low risk (64%). Time to POD,

Ki67, and MIPI are associated with survival outcomes in patients with R/R MCL receiving 2L

BTKis. Simple clinical models incorporating these variables may assist in planning for

alternative therapies such as chimeric antigen receptor T-cell therapy, allogeneic stem cell

transplantation, or novel agents with alternative mechanisms of action.
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Introduction

Time to progression of disease (POD) after first-line (1L) treatment
is a robust prognostic factor in mantle cell lymphoma (MCL). In
particular, POD within 24 months (early POD) of 1L therapy is
associated with poor outcomes across broad ranges of age,
fitness, and prior therapies.1-6 Studies of outcomes according to
timing of POD have included heterogeneous 1L, second-line (2L),
and subsequent lines of therapy, which limit the prognostic per-
formance of this variable in the assessment of outcomes from the
point of initiation of individual 2L therapies.

The covalent Bruton tyrosine kinase inhibitors (BTKis) ibrutinib,
acalabrutinib, and zanubrutinib are standard treatment options for
patients with relapsed/refractory (R/R) MCL.7-9 Randomized and
observational data have demonstrated improved outcomes with
ibrutinib compared with other therapies for R/R MCL such as
temsirolimus or chemoimmunotherapy,10,11 and the use of ibrutinib
as 2L rather than later lines of therapy is associated with more
favorable outcomes.12,13

Although most patients with R/R MCL respond to BTKis, eventual
progressive disease (PD) is inevitable, and outcomes after BTKi
discontinuation are poor.14,15 Cellular therapies such as allogeneic
stem cell transplantation (alloSCT)16-19 and chimeric antigen receptor
T-cell (CAR-T) therapy20 are associated with favorable response rates
and outcomes in R/R MCL, even in patients previously treated with
BTKis, and are currently considered a standard of care in this setting.9

However, these therapies are complex and require advance planning;
practically, it is challenging to set them up in patients with rapid
progression of R/R MCL. Other emerging novel therapies such as
noncovalent BTKi, antibody-drug conjugates, and bispecific anti-
bodies could be reasonable alternatives in this setting.9

Therefore, a refined estimator of treatment duration at the point of
2L BTKi initiation may better identify patients who will likely require
a rapid switch to other therapies while their disease remains rela-
tively controlled with 2L BTKi monotherapy, the inclusion of addi-
tional novel therapies together with 2L BTKis to maximize response
duration, or potentially an alternative 2L therapy without BTKi. The
purpose of this study is to analyze the association between prog-
nostic factors, including time to POD, and outcomes in patients
with R/R MCL starting 2L BTKi therapy.

Methods

Study design

This was an international, multicenter, retrospective, observational
study. Patients meeting the following eligibility criteria were identified
at each participating center: (1) age ≥ 18 years at diagnosis of MCL,
(2) 1L treatment with any rituximab-containing chemotherapy
regimen, with or without consolidative autologous SCT (with or
without maintenance rituximab [MR]), and (3) 2L treatment with
single-agent covalent BTKi for first relapse/progression. Patients
could have been diagnosed with MCL at any time in the past, but
they had to have initiated 2L BTKi before December 2020.

Consecutive patients were identified through single-center and/or
population-based registries depending on resources available at
each participating institution. Each site performed systematic
queries of available databases (clinical, pathology, pharmacy,
22 AUGUST 2023 • VOLUME 7, NUMBER 16
administrative, and billing) or used software to abstract specific
terms (eg, MCL, ibrutinib, acalabrutinib, zanubrutinib) from elec-
tronic health records. Individual medical records were reviewed to
confirm eligibility and abstract additional data.

The diagnosis of MCL was determined locally at the time of MCL
diagnosis and treatment. Deidentified or fully anonymized patient,
disease, treatment, and follow-up data were collected in a common
case report form and were centrally pooled and analyzed at British
Columbia Cancer in Vancouver, British Columbia, Canada.
Because this is a retrospective study in which individual patient
informed consent would be impossible or impractical to obtain,
research ethics approvals were obtained at each institution
according to their own policies.

The primary end point of the study was second progression-free
survival (PFS2), defined as the time from initiation of 2L BTKis
until disease progression or death from any cause. Patients who
discontinued BTKi therapy to proceed with consolidative alloSCT
(while responding to BTKis) were censored on the date of alloSCT.
Patients who discontinued BTKi therapy for toxicity but developed
subsequent disease progression were coded as having a PFS2
event on the date of PD. The secondary end point was second
overall survival (OS2), defined as the time from initiation of 2L
BTKis until death from any cause. PFS2 and OS2 were estimated
using the Kaplan-Meier method.

Statistical analysis

The association between time to POD and other prognostic factors
with PFS2 and OS2 was analyzed using Cox proportional hazards
models. Initially an 8-variable model was constructed using the
following variables known to have a prognostic association in MCL:
time to POD (categorical variable: 3 risk groups), blastoid/pleo-
morphic morphology at diagnosis (dichotomous variable: present
vs absent), Ki67 at diagnosis (dichotomous variable: ≥30% vs
<30%), MCL International Prognostic Index (MIPI) at diagnosis
(categorical variable: 3 risk groups), age at POD (continuous var-
iable), performance status at diagnosis (dichotomous variable: >1
vs 0-1), type of 1L chemotherapy (dichotomous variable: high-dose
cytarabine vs not), receipt of MR (dichotomous variable: yes vs no),
and individual treatment center (categorical variable: each center
included as a single cluster). Stepwise backward selection was
applied to identify significant variables in the final models.

Time to POD was defined as the time from the date of initiation of 1L
rituximab-based therapy to the date of POD before initiation of 2L
BTKi therapy. Time to POD was categorized into 3 prognostic sub-
groups as previously described: POD6 (POD within 6 months of 1L
therapy), POD6-24 (POD within 6-24 months of 1L therapy), and
POD >24 (POD after 24 months of 1L therapy).2 POD6, also labeled
as refractory disease, was defined as progression during induction or
within 6 months of diagnosis or stable disease/PD at the end of
induction. The primary reason for this definition was to account for
patients who did not have a response assessment recorded in the
database but clearly did not achieve disease control with initial
treatment. POD6 and POD6-24 were collectively labeled as early
POD, whereas POD > 24 was labeled as late POD, as previously
described.1

The following regimens were defined as containing high-dose
cytarabine: rituximab in combination with cyclophosphamide,
TIME TO POD AND 2L BTKI IN MCL 4577
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doxorubicin, vincristine, and prednisone alternating with dexametha-
sone, cytarabine, and cisplatin (R-CHOP/R-DHAP) (MCL Younger),
R-CHOP/high-dose cytarabine (Nordic), R-DHAP alone, and R-
HyperCVAD. TP53 mutation status results were not included
because of incomplete data. p53 protein overexpression results by
immunohistochemistry were not collected. Other factors at first
relapse were not included in the models because of incomplete data:
(1) MIPI at relapse because results were only available in about half of
the cohort and (2) blastoid/pleomorphic morphology or Ki67 at
relapse because repeat biopsies were not performed consistently at
first relapse, thus generating a potential bias.

Complete case analysis without imputation was performed. Devi-
ance residuals were used to evaluate extreme values when
generating the models. Model performance was assessed using
time-dependent concordance indexes (C-index) and calibration
curves. The final models were validated using C-index and cali-
bration curves in an independent cohort of 200 patients with R/R
MCL uniformly treated with 2L ibrutinib in a national audit database
from the UK National Health System.21

The final models were used to construct nomograms and web-
based calculators predicting PFS2 and OS2. A prognostic
model, the 2L BTKi MIPI, predicting 2-year PFS2 was constructed.
The linear predictor of the final model for PFS2 was broken down
into 3 risk categories (high, intermediate, low). Optimal cutoffs
were identified within the probability distribution of 2-year PFS2
under the assumption that it satisfied a mixed model.

Data were analyzed with the Statistical Package for the Social
Sciences version 14 and The R Project for Statistical Computing
version 4.0.3. Models were constructed using the cph (rms) and
coxph (survival) functions in R.

Results

Patient characteristics

The main cohort included 160 patients identified from 7 academic
centers. Median age at diagnosis was 67 years (range, 38-90
years), and 73% were male. The most common 1L regimens were
bendamustine and rituximab (50%) and alternating R-CHOP with
high-dose cytarabine (MCL Younger and Nordic regimens,
19%).22,23 In addition, 31% received autologous stem cell trans-
plantation and 37% received MR (Table 1).

The median time to POD after 1L therapy was 24 months (range,
<1-161 months), and 19% had refractory disease (POD6). High-
risk MIPI was associated with refractory disease (supplemental
Table 1). About half of the patients (51%) had early POD; older
age at diagnosis, blastoid/pleomorphic morphology, Ki67 ≥ 30%,
and high-risk MIPI were associated with early POD (supplemental
Tables 1 and 2).

Repeat biopsy at progression, performed in 96 patients (60%),
identified additional individuals who developed blastoid/pleomor-
phic morphology and/or high Ki67. The median time to 2L BTKi
was 25 months (range, <1-162 months), and ibrutinib was the
most frequent 2L BTKi (84%). At data cutoff, 50 patients (31%)
remained on BTKi. The other 110 patients (69%) discontinued
BTKi for a variety of reasons including PD (n = 82), BTKi toxicity
(n = 18), and planned consolidative alloSCT (n = 4). Third-line
therapies were heterogeneous (Table 1).
4578 VILLA et al
PFS2

With a median follow-up after 2L BTKi in living patients of 1.5 years
(range, <1 month to 9.5 years), the median PFS2 was 1.2 years
(95% confidence interval [CI], 0.8-1.6) and the 2-year PFS2 was
36% (95% CI, 22-50) (Figure 1A). The median PFS2 was 0.3
years (95% CI, 0.2-0.4) in patients with POD6/refractory disease
(n = 33, 21%) and 1.7 years (95% CI, 1.2-2.2; P < .001) in
patients without refractory disease (n = 127, 79%) (Figure 1B;
supplemental Figure 1A). The median PFS2 was 0.45 years
(95% CI, 0.3-0.6) in patients with early POD (n = 81, 51%) and 2.3
years (95% CI, 1.7-2.8; P < .001) in patients with late POD (n =
79, 49%) (Figure 1B; supplemental Figure 1B).

In the models for PFS2, blastoid/pleomorphic morphology, age at
POD, performance status, type of 1L chemotherapy, and receipt of
MR were not statistically significant and were removed. Time to
POD, Ki67 ≥ 30%, and MIPI were the 3 statistically significant
variables in the final models (Figure 2A). MIPI dichotomized as
intermediate/high vs low provided the most robust hazard ratio
compared with other combinations of MIPI categories. The devi-
ance residual plot showed that the deviance range was from –2.6
to 2.8 with few outliers (supplemental Figure 2). Separate models
using Ki67 ≥ 50% as a cutoff did not yield significantly different
PFS2 results (data not shown), and therefore, the 30% cutoff was
retained.24

A nomogram predicting 2-year PFS2 based on time to POD, Ki67,
and MIPI was constructed (Figure 3A). The C-index at 2 years was
0.71 (supplemental Figure 3). A calculator for 2-year PFS2 based
on the nomogram is available online (https://qxmd.com/calculate/
calculator_868/estimate-survival-in-relapsed-refractory-mcl).

OS2

The median OS2 was 2.9 years (95% CI, 1.6-4.1), and the 2-year
OS2 was 60% (95% CI, 44-70) (Figure 1C). The median OS2 was
0.6 years (95% CI, 0.2-1) in patients with POD6/refractory disease
and 3.6 years (95% CI, 1.9-5.3; P < .001) in patients without
refractory disease (Figure 1D; supplemental Figure 4A). The
median OS2 was 0.9 years (95% CI, 0.5-1.3) in patients with early
POD and 5.5 years (95% CI, 3.5-7.5; P < .001) in patients with late
POD (Figure 1D; supplemental Figure 4B).

Time to POD, Ki67 ≥ 30%, and MIPI were also evaluated in the
models for OS2 (Figure 2B). The deviance residual plot showed
that the deviance range was from –1.9 to 2.7 with few outliers
(supplemental Figure 5). A nomogram predicting 2-year OS2
based on these variables was constructed (Figure 3B). The C-
index at 2 years was 0.69 (supplemental Figure 6).

After 2L BTKis, 62 patients received 3L therapy, with 30 (48%)
receiving chemotherapy-based treatment and 32 (52%) targeted
therapy–based treatment (Table 1). Overall survival calculated from
the date of 2L BTKi discontinuation to death from any cause (OS3)
was not statistically significant between 3L treatment categories:
median OS3 23-month chemotherapy (95% CI, 3-43 months) vs
10-month targeted therapy (95% CI, 0.2-25 months), P = .53.

Validation cohort

The final models were validated in an independent cohort of 200
patients with R/R MCL uniformly treated with 2L ibrutinib from the
United Kingdom, which has been previously described.21 Briefly,
22 AUGUST 2023 • VOLUME 7, NUMBER 16
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Table 1. Patient, disease, and treatment characteristics throughout

first, second, and third lines of therapy in the main cohort (n = 160)

Characteristics at diagnosis and first-line rituximab-based chemotherapy

Median age at diagnosis (range) 67 (38-90)

Male sex, n (%) 117 (73)

Blastoid/pleomorphic morphology, n (%) 14 (9)

Ki67 ≥ 30%, n/N (%) 68/117 (58)

TP53 mutation, n/N (%) 4/11 (36)

Elevated LDH, n/N (%) 43/115 (37)

Stage IV, n/N (%) 135/158 (85)

ECOG performance status 0-1, n/N (%) 111/129 (86)

MIPI risk group, n/N (%)

High 66/137 (48)

Intermediate 45/137 (33)

Low 26/137 (19)

First-line rituximab-based therapy, n (%)

BR 80 (50)

Alternating regimens (Younger/Nordic) 31 (19)

Other cytarabine-based regimens* 14 (9)

R-CHOP 28 (18)

Other† 7 (4)

High-dose cytarabine induction, n (%) 40 (25)

Consolidative stem cell transplant, n/N (%) 49/159 (31)‡

Intensive induction/consolidation, n/N (%) 61/159 (38)

Rituximab maintenance, n/N (%) 53/145 (37)

Response to 1st line therapy, n/N (%)

CR 92/159 (58)

PR 45/159 (28)

SD 5/159 (3)

PD 17/159 (11)

Characteristics at first progression and second-line BTKi monotherapy

Median age (range) 69 (38-91)

Mo to first progression, median (range) 24 (<1-161)

Time to POD categories, n (%)

POD6 30 (19)

POD6-24 51 (32)

POD>24 79 (49)

Blastoid/pleomorphic, n/N (%) 27/88 (31)

Ki67 ≥ 30%, n/N (%) 53/66 (80)

TP53 mutation, n/N (%) 7/11 (64)

Elevated LDH, n/N (%) 48/121 (40)

Stage IV, n/N (%) 111/139 (80)

ECOG performance status 0-1, n/N (%) 104/127 (82)

MIPI risk group, n/N (%)

High 59/113 (52)

Intermediate 33/113 (29)

Low 21/113 (19)

Months to second-line BTKi, median (range) 25 (<1-162)

<24 mo to 2L BTKi, n (%) 84 (53)

2L BTK inhibitor, n (%)

Ibrutinib 134 (84)

Acalabrutinib 20 (13)

Zanubrutinib 3 (2)

TG-1701 3 (2)

Table 1 (continued)

Characteristics at first progression and second-line BTKi monotherapy

Response to 2L BTKi, n/N (%)

CR 31/151 (21)

PR 78/151 (52)

SD 11/151 (7)

PD 31/151 (21)

Months of 2L BTKi duration, median (range)

Entire cohort 9 (<1-72)

2L BTKi ongoing at data cutoff 16 (<1-72)

2L BTKi discontinued at data cutoff 5 (<1-57)

Ongoing 2L BTKi at data cutoff, n (%) 50 (31)

Reason 2L BTKi termination, n/N (%)

PD 82/110 (75)

Toxicity§ 18/110 (16)

Consolidative alloSCT 4/110 (4)

Secondary primary cancer 4/110 (4)

Noncompliance 1/110 (1)

Sudden death cause unknown 1/110 (1)

Characteristics of third-line therapy (after BTKi discontinuation)

Third-line therapy, n/N (%)

Supportive care (steroids, radiation) 48/110 (44)

CHOP (± rituximab) 13/110 (12)

Venetoclax 11/110 (9)

Bendamustine (± rituximab) 10/110 (9)

Lenalidomide 8/110 (7)

Bortezomib 4/110 (4)

Novel BTK inhibitor 4/110 (4)

Other‖ 12/110 (11)

Type of third-line systemic therapy

Chemotherapy/rituximab-based 30/62

Targeted therapy/novel agent 32/62

Intensive therapy (third line or later), n

CAR T-cell therapy 4

Autologous stem cell transplant 2

Allogeneic stem cell transplant 1

BR, bendamustine and rituximab; CR, complete response; ECOG, Eastern Cooperative
Oncology Group; LDH, lactate dehydrogenase; PR, partial response; R-CHOP, rituximab-
cyclophosphamide-hydroxydaunorubicin-vincristine-prednisone.
*7 R-HyperCVAD, 4 R-BAC, 2 R-DHAP, 1 iHDS regimen.
†2 R-chlorambucil, 2 R-CVP, 1 FR, 1 R2, 1 unknown.
‡48 autologous SCT, 1 alloSCT.
§5 cardiac/atrial fibrillation, 4 bleeding, 4 infection, 1 dyspnea, 1 pulmonary embolism, 1

thrombocytopenia, 1 fatigue, 1 diarrhea.
‖2 cytarabine, 2 BAC (+/− rituximab), 2 acalabrutinib, 1 R-ICE, 1 rituximab, 1

chlorambucil, 1 bispecific antibody, 1 CD47 antibody, 1 direct to CAR T-cell therapy.
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the median age at 2L BTKi was 71 years (range, 33-94 years),
15% had blastoid/pleomorphic morphology, 58% had Ki67 ≥
30%, the median time to 2L BTKi was 24 months (range
<1-158 months), and 52% had early POD (supplemental Table 3).
Older age and use of less-intensive therapies were associated with
both refractory disease and early POD. High-risk MIPI was also
associated with refractory disease (supplemental Tables 4 and 5).

With a median follow-up after 2L BTKi in living patients of 1.2 years
(range, <1 month to 5.3 years), the median PFS2 was 1.6 years
TIME TO POD AND 2L BTKI IN MCL 4579
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(95% CI, 1.1-2.1) and the 2-year PFS2 was 43% (95% CI, 31-56)
(supplemental Figure 7A). The median PFS2 was 0.6 years
(95% CI, 0.2-1) in patients with refractory disease (n = 55, 28%)
and 2.6 years (95% CI, 1.9-3.3; P < .001) in patients without
refractory disease (n = 145, 72%) (supplemental Figure 7B-C).
The median PFS2 was 0.9 years (95% CI, 0.4-1.4) in patients with
early POD (n = 104, 52%) and 2.3 years (95% CI, 1.1-3.5; P <
4580 VILLA et al
.001) in patients with late POD (n = 96, 48%) (supplemental
Figure 7B,D). Applying the model developed in the training
cohort, the C-index for PFS2 at 2 years in the validation cohort was
0.68. (supplemental Figure 8)

The median OS2 was 1.8 years (95% CI, 1-2.6), and the 2-year
OS2 was 48% (95% CI, 40-57) (supplemental Figure 9A). The
22 AUGUST 2023 • VOLUME 7, NUMBER 16
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Figure 2. Forest plots of the final models. (A) Forest plot of the final model for

PFS2. (B) Forest plot of the final model for OS2.
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median OS2 was 0.9 years (95% CI, 0.5-1.3) in patients with
refractory disease and 2.7 years (95% CI, 1.6-3.7; P < .001) in
patients without refractory disease (supplemental Figure 9B-C).
The median OS2 was 1.2 years (95% CI, 0.6-1.8) in patients with
early POD and 3.3 years (95% CI, 1.8-4.8; P < .001) in patients
with late POD (supplemental Figure 9B,D). Applying the model
developed in the training cohort, the C-index for OS2 at 2 years in
the validation cohort was 0.70 (supplemental Figure 10).

Prognostic index: 2L BTKi MIPI

Three modes in the probability distribution of 2-year PFS2 in the
model were identified (supplemental Figure 11). Two-year PFS2
of 30% and 60% cutoffs separated 3 distinct subgroups within the
2-year PFS2 distribution, generating a high-risk subgroup (n = 40)
with 2-year PFS2 of 14% (95% CI, 6-33), intermediate-risk sub-
group (n = 35) with 2-year PFS2 of 50% (95% CI, 34-74), and
low-risk subgroup (n = 30) with 2-year PFS2 of 64% (95% CI,
47-87) (P < .001) (Figure 4A). To understand the influence of
missing individual patient results in the performance of the 2L BTKi
MIPI, missing Ki67 results were recoded as <30% and missing
MIPI results as low risk. Two-year PFS2 estimates were not sub-
stantially different with this approach, which included high-risk
subgroup (n = 76) with 2-year PFS2 of 14% (95% CI, 7-27),
intermediate-risk group (n = 64) with 2-year PFS2 of 43%
(95% CI, 31-60), and low-risk subgroup (n = 76) with 2-year PFS2
of 94% (95% CI, 44-100) (P < .001) (Figure 4B).

In the validation cohort, these cutoffs did not identify statistically
significant subgroups, although there were substantial missing indi-
vidual data (66 of 200 patients had complete results for the 3 vari-
ables) (supplemental Figure 12A). However, these cutoffs did
identify 3 distinct risk subgroups when the analysis was performed in
the entire validation cohort after recoding for missing data
(supplemental Figure 12B). The online calculator also identifies the
22 AUGUST 2023 • VOLUME 7, NUMBER 16
individual risk subgroup for a given patient (https://qxmd.com/
calculate/calculator_868/estimate-survival-in-relapsed-refractory-mcl).

Discussion

In this study of patients with MCL treated in 6 countries with cur-
rent standard 1L rituximab-containing chemotherapy and subse-
quent 2L BTKi monotherapy, outcomes after 2L BTKis were largely
driven by time to POD and to a lesser extent by other factors
including Ki67 or MIPI at diagnosis. Time to POD informs most, but
not all, of the prognosis expected with 2L BTKis. For example,
based on the nomograms, the presence of Ki67 ≥ 30%, which is
associated with lower response rates and outcomes with both 1L
rituximab-based therapy and 2L BTKi-based therapy,4,24-29 signifi-
cantly influences 2-year PFS2 across the 3 categories of time to
POD. Based on the deviance residuals analyses, it is unlikely
extreme values are driving some overfitting in the model with
reduced calibration in the PFS2/OS2 validation.

Blastoid/pleomorphic morphology was not statistically significant in
the models, most likely because of a strong correlation with Ki67.
With only a couple of exceptions, all patients with blastoid/pleo-
morphic morphology had Ki67 ≥30%. Other factors (TP53 muta-
tions, MIPI at relapse, biopsy findings at relapse) could not be
included in the models because of missing data, which would have
significantly reduced sample size and/or biased results. Biopsy at
first relapse, performed in 96 of 160 patients (60%), identified
additional cases who developed blastoid/pleomorphic morphology
and/or high Ki67. We hypothesize that a model incorporating
clinical and biologic factors at first relapse (rather than at diag-
nosis) may better estimate outcomes from the point of 2L BTKi
initiation. However, because of disease, patient, system, and
physician factors influencing the decision to perform a biopsy at
first relapse, we did not include these variables in our models.

In addition to confirming previous findings that patients with early
relapse/progression of MCL experience poor outcomes,1-6 this
study highlights the heterogeneity within the early POD group. In
our study, the median PFS2 in patients with early POD was
5 months (range, <1 month to 4.4 years). In the pooled analysis of
prospective studies of ibrutinib for R/R MCL, the median PFS2 in
patients with early POD receiving 2L ibrutinib was 14 months
(range, <1 month to ~7.5 years).3 This suggests that there are
outliers with relatively favorable outcomes within the early POD
group, particularly those with POD6-24.

Outcomes in our main and validation cohorts were worse than in
the pooled analysis of prospective studies of ibrutinib for R/R MCL.
In that study, the median PFS2 in patients receiving 2L ibrutinib
(n = 99) was 25 months, and the median OS was 62 months.3

These differences are multifactorial and include a higher propor-
tion of adverse prognostic factors (high-risk MIPI, blastoid, and
early POD) and very poor outcomes in patients with early POD in
our cohorts, other unmeasured differences between real world and
clinical trials populations, use of imaging investigations in the
assessment of PFS2, and possibly 3L and subsequent therapies.

The PFS2 and OS2 models were developed in a broad international
population receiving various 1L treatments and with multiple reasons
for 2L BTKi discontinuation beyond PD. All patients were systemati-
cally identified and were representative of the population seen at each
center, without selection for a fit or an unfit group, supporting the
TIME TO POD AND 2L BTKI IN MCL 4581
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external validity of our findings. Although different rituximab-based 1L
strategies are associated with variable outcomes, in this study, the use
of high-dose cytarabine 1L regimens and/or MR were not significant
in the multivariable models, again supporting the broader applicability
of the 2L BTKi MIPI.6,28,30-32 Moving forward, these results will not be
applicable to patients receiving 1L BTKi together with rituximab-based
chemotherapy.33,34

In summary, time to POD, Ki67, and MIPI were strongly asso-
ciated with outcomes in patients with R/R MCL receiving 2L
BTKi therapy. Given the generally aggressive biology of MCL,
the identification of such factors could assist in the design of
future studies of therapies for R/R MCL. For example, patients
4582 VILLA et al
could be stratified based on POD status or categories of the 2L
BTKi MIPI in studies of novel agents for R/R disease. Practically,
the calculators and 2L BTKi MIPI incorporating these variables
are clinically useful to anticipate the duration of clinical benefit
with 2L BTKis and may assist with treatment decision making,
particularly in the subgroup of patients expected to derive limited
duration of benefit from 2L BTKi monotherapy. In these patients,
options include early planning of consolidative strategies (CAR-
T or alloSCT) while 2L BTKi achieves some disease control, the
incorporation of other novel agents together with the 2L BTKi, or
bringing therapies other than covalent BTKi (including CAR-T)
earlier into the 2L treatment setting.
22 AUGUST 2023 • VOLUME 7, NUMBER 16
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Figure 4. PFS2 according to the 2L BTKi MIPI in the main cohort. (A) High-, intermediate-, and low-risk categories of PFS2 in the main cohort according to the 2L

BTKi MIPI in cases with complete data (n = 105). (B) High-, intermediate-, and low-risk categories of PFS2 in the main cohort according to the 2L BTKi MIPI in all cases (n = 160;

missing individual Ki67 or MIPI values were coded as low).
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