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Abstract

Background: Mantle cell lymphoma (MCL) is widely considered an 
incurable malignancy even with current therapies and relapsed/refrac-
tory (R/R) disease to primary treatment remains common. With im-
proved treatment guidelines and the advent of novel agents, patients 
are increasingly being treated with more lines of regimens. However, 
outcomes after each line of treatment remain poorly characterized, 
especially in the Asian population. In this paper, we described the 
survival outcomes in a group of R/R MCL patients.

Methods: We retrospectively studied 35 patients with R/R MCL be-
tween 1998 and 2020 at the National Cancer Centre Singapore. Pa-
tients were followed longitudinally throughout their disease course. 
Overall survival (OS) and progression-free survival (PFS) were de-
termined by the Kaplan-Meier method.

Results: The median OS and PFS from diagnosis were 105 and 40 
months, respectively. After first relapse, the median OS and PFS 
were 52 and 19 months, post-second relapse 32 and 8 months, and 
post-third relapse 12 and 6 months, respectively. Patients older than 
65 years at first relapse had shorter survival (median OS: 22 vs. 55 
months, P = 0.0417; median PFS: 9 vs. 29 months, P = 0.001). Ear-
ly treatment failure after first line therapy was also associated with 
worse survival outcomes (median OS: 13 vs. 55 months, P < 0.001; 
median PFS: 9 vs. 26 months, P < 0.001).

Conclusion: With each relapse, survival outcomes for patients with 

MCL are worse. Novel treatment and contemporary outcomes of R/R 
MCL are encouraging and support the need for continued research in 
this area.
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Introduction

Mantle cell lymphoma (MCL) is an uncommon subtype of B-
cell non-Hodgkin lymphoma (NHL) [1]. While it has a het-
erogeneous clinical course, it is generally considered to be an 
aggressive disease [2]. It is widely thought to be an incurable 
malignancy, and most patients will have refractory/recurrent 
(R/R) disease and require multiple lines of therapy [3]. Clini-
cal practice varies greatly between managing physicians and 
multiple chemotherapy regimens have been tried in R/R MCL 
[4, 5]. Currently, chemoimmunotherapy with or without au-
tologous stem cell transplant is considered first line standard of 
care treatment [6]. There is however no universal consensus on 
subsequent lines of treatment of R/R MCL [7]. The develop-
ment of lenalidomide, temsirolimus and bortezomib provided 
significant albeit modest and temporary responses in the re-
lapse setting [8-10]. Most recently, the advent of Bruton’s ty-
rosine kinase (BTK) inhibitors represented a breakthrough in 
the treatment of B-cell NHL and has proven beneficial in clini-
cal trials on MCL [11, 12]. A recent consensus paper by the 
Asian Lymphoma Study Group has also recommended the use 
of BTK inhibitors for R/R MCL [13]. However, treatment out-
comes with each subsequent line of therapy, especially involv-
ing the use of novel-therapies, remain poorly characterized.

In this study, we investigated the treatment patterns and ex-
amined the survival patterns in Asian patients with R/R MCL.

Materials and Methods

Study cohort

This was a retrospective study involving patients who had 
R/R MCL and seen at the National Cancer Centre Singapore 
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between April 1998 and September 2020. Patients’ clinical 
data were extracted from the Singapore Lymphoma Study 
database. At the time of analysis, 37 patients with R/R MCL 
were included in our study. This was from an initial cohort 
of 66 patients with a histologically confirmed diagnosis of 
MCL, of which 56 had received first-line chemoimmuno-
therapy with or without autologous stem cell transplant and 
subsequently. Of the 37 patients with R/R MCL, we excluded 
two patients due to incomplete clinical data. Thirty-five pa-
tients were included in the final analysis. The median follow-
up was 79 months for the final cohort of R/R MCL patients 
(Supplementary Material 1, www.thejh.org). Relevant demo-
graphical, clinico-pathological and treatment information at 
diagnosis and at each relapse were collected and analyzed. 
Demographical information included sex, age, ethnicity and 
smoking history. Response to treatment was determined by 
the treating clinician’s assessment which was guided by both 
clinical and radiological evaluation. Outcome measures in-
cluded 1) percentage of patients with an objective response, 
which included complete remission (CR), partial remission 
(PR), stable disease (SD), progressive disease (PD) and 
death; 2) survival outcomes including progression-free sur-
vival (PFS) and overall survival (OS). Early relapse was de-
fined as relapse or progression of disease within 2 years from 
initiating first-line treatment. Late relapse was defined as re-
lapse or progression of disease after 2 years from initiating 
first-line treatment. We also described in detail the clinical 
progress and outcomes of patients who received BTK inhibi-
tors (ibrutinib and acalabrutinib) as part of their treatment 
regimen for R/R MCL.

This research study was carried out as part of the Singapore 
Lymphoma Study with approval from the SingHealth Central-
ised Institutional Review Board (CIRB 2018/3084). This study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

Statistical analysis

The primary outcomes of this study were OS and PFS. PFS 
was calculated from date of diagnosis/date of relapse until the 
date of disease progression/further relapse or death from any 
cause. Disease progression/relapse was defined as a presenta-
tion with new symptoms or signs of the disease that was con-
firmed radiographically or pathologically. OS was defined as 
the time from date of diagnosis/date of relapse until death from 
any cause or was censored at the date of last follow-up for 
survivors. Kaplan-Meier survival curves were plotted to esti-
mate survival for each individual clinico-pathological param-
eter. The log-rank test was then used to determine hazard ratios 
(HRs), the corresponding 95% confidence intervals (95% CIs) 
of mortality and the P-values. Comparisons of the frequencies 
of categorical variables were performed using Pearson’s Chi-
squared test or Fisher’s exact test, as appropriate. All statistical 
evaluations were made assuming a two-sided test with signifi-
cance level of 0.05 unless otherwise stated. All tests were per-
formed using MedCalc statistical Software for Windows ver-
sion 19.0.4 (MedCalc Software, Ostend, Belgium).

Results

Patient characteristics

Thirty-five patients with R/R MCL were included in our final 
analysis. The median age of our cohort was 58 years old with 
the majority being males (74.3%). The majority (80%) had low 
to intermediate simplified Mantle Cell Lymphoma Internation-
al Prognostic Index (sMIPI) scores at initial diagnosis. More 
than half (68.6%) had Ann Arbor stage 4 at initial diagnosis. 
The rest of the patient characteristics are shown in Table 1.

Treatments received

Of the 35 patients who relapsed or had refractory disease, 18 
(51.4%) received cytarabine-based chemotherapy regimens 
and 17 (48.6%) received non-cytarabine-based chemotherapy 
regimens as first-line treatment. The majority (13/18) of the 
cytarabine-based regimens was R-hyperCVAD (rituximab, cy-
clophosphamide, vincristine, doxorubicin and dexamethasone, 
alternating with high dose methotrexate and cytarabine) and the 
majority (9/17) of the non-cytarabine-based regimen was R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisolone). Thirty-three (94.3%) patients received rituxi-
mab as part of their first-line treatment and 11 (31.4%) patients 
also received maintenance rituximab. Five patients (14.3%) re-
ceived autologous hematopoietic stem cell transplant (HSCT) as 
part of their initial treatment regimen. Other first-line treatment 
regimens are summarized in Table 1. Twenty-nine (82.8%) pa-
tients received second-line systemic treatment (Supplementary 
Material 2, www.thejh.org), of which two had allogenic HSCT. 
Ten (34.4%) patients received novel therapies with the majority 
being bortezomib-based regimens (6/10). In the remaining pa-
tients who received conventional chemotherapy, bendamustine-
based regimens were the most common (9/19).

Treatment patterns and survival outcomes

For our R/R MCL cohort (n = 35), after first-line treatment, 
the majority (74.3%) achieved CR before relapse. The median 
OS and PFS from diagnosis were 105 and 40 months, respec-
tively. In comparison, the OS for patients without documented 
relapse (median not reached) and patients who did not receive 
first-line treatment (median, 9.4 months) are presented in 
Supplementary Material 3 (www.thejh.org). The median du-
ration from diagnosis to first relapse was 40.1 months. The 
median OS and PFS from first relapse were 52 months (95% 
CI 25 - 86) and 19 months (95% CI 9 - 26), respectively (Fig. 
1). Out of these 35 patients, 58.6% were alive and 16.9% were 
progression-free at 3 years after second-line treatment, and 
37.4% were alive and 0% were progression-free at 5 years 
after second-line treatment. Treatment outcomes declined 
with successive lines of treatment. The proportion of patients 
who achieved CR or PR after subsequent lines of treatment 
decreased and in patients who received fourth-line treatment 
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and beyond, CR or PR was not achieved (Table 2). With each 
subsequent line of treatment, there was a decrease in OS (Fig. 
2). The median OS following second, third and fourth-line 
treatment beyond were 52 months (95% CI 25 - 86 months), 
32 months (95% CI 22 - 71 months), and 12 months (95% 
CI 5 - 26 months), respectively (P = 0.0017). We also ob-
served a decrease in PFS with each subsequent line of treat-
ment, though this was not statistically significant. The median 
PFS following second, third and fourth-line treatment beyond 
were 19 months (95% CI 9 - 26 months), 8 months (95% CI 
6 - 24 months), and 6 months (95% CI 3 - 15 months), respec-
tively (P = 0.0967).

Survival analyses and prognostic factors

In our relapsed cohort, we identified two significant prog-
nostic factors. Firstly, patients older than 65 years at first re-
lapse had shorter survival compared with those younger than 
65 years (median OS 22 months, 95% CI 10 - 86 months vs. 
median OS 55 months, 95% CI 35 - 108 months, P = 0.0417; 
median PFS 9 months, 95% CI 3 - 12 months vs. median PFS 
29 months, 95% CI 20 - 39 months, P = 0.001). Secondly, 
patients with early relapse, defined as relapse within 2 years 
from initial diagnosis, also had shorter survival compared 
with those who relapsed after 2 years (median OS 13 months, 
95% CI 13 - 55 months vs. median OS 55 months, 95% CI 
35 - 108 months, P < 0.001; median PFS 9 months, 95% CI 
2 - 12 months vs. median PFS 26 months, 95% CI 18 - 36 
months, P < 0.001) (Fig. 3). We also observed that in relapsed 
MCL patients, the use of novel therapies (lenalidomide, bort-
ezomib, and BTK inhibitors) in any of the subsequent lines of 

Table 1.  Clinical Features of R/R MCL Cohort at Diagnosis

Characteristic N (%)
Total 35 (100)
Age (years), median (range) 58 (52 - 66)
Sex
  Male 26 (74.3)
  Female 9 (25.7)
Ethnicity
  Chinese 26 (74.3)
  Malay 4 (11.4)
  Indian 2 (5.7)
  Others 3 (8.6)
ECOG performance status
  0 22 (62.9)
  1 12 (34.3)
  2 1 (2.9)
Ann Arbor stage
  1 2 (5.7)
  2 1 (2.9)
  3 8 (22.9)
  4 24 (68.6)
sMIPI risk
  Low 12 (34.3)
  Intermediate 16 (45.7)
  High 7 (20)
Extra-nodal involvement
  Yes 30 (85.7)
  No 5 (14.3)
CNS involvement
  Yes 5 (14.3)
  No 30 (85.7)
Bone marrow involvement
  Yes 22 (62.9)
  No 13 (37.1)
Splenic involvement
  Yes 10 (28.6)
  No 25 (71.4)
Ki-67 expression (%)
  < 30 7 (20)
    ≥ 30 15 (42.9)
  Unknown 13 (37.1)
First-line treatment received
  Induction chemotherapy
    Cytarabine-baseda 18 (51.4)
    Non-cytarabine-basedb 17 (48.6)

Characteristic N (%)
  Consolidation autologous stem cell transplant
    Yes 5 (14.3)
    No 30 (85.7)
  Maintenance rituximab
    Yes 11 (31.4)
    No 24 (68.6)
Best response to initial treatment
  CR 26 (74.3)
  PR 9 (26.7)
Time to first relapse
  Relapsed < 2 years from diagnosis 13 (37.1)
  Relapsed > 2 years from diagnosis 22 (62.9)

aR-HyperCVAD (n = 13), HyperCVAD (n = 2), R-CHOP/R-ARAC (n = 2), 
R-BAC (n = 1). bR-CHOP (n = 9), CHOP (n = 2), R-CVP (n = 1), VR-CAP 
(n = 3), R-bendamustine (n = 2). R/R: relapsed/refractory; MCL: mantle 
cell lymphoma; ECOG: Eastern Cooperative Oncology Group; sMIPI: 
simplified Mantle Cell Lymphoma International Prognostic Index; CNS: 
central nervous system; CR: complete remission; PR: partial remission.

Table 1.  Clinical Features of R/R MCL Cohort at Diagnosis - 
(continued)
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Table 2.  Clinical Features of Study Cohort at Each Time of Relapse

Characteristic First relapse 
(n = 35)

Second relapse 
(n = 24)

Third relapse and 
beyond (n = 15)

Age (years), median (range) 62 (57 - 70) 64 (61 - 70) 66 (61 - 73)
Site involved at each relapse, N (%)
  Nodal only
    Yes 14 (40) 10 (41.6) 8 (53.3)
    No 21 (60) 14 (58.4) 7 (46.7)
  CNS
    Yes 1 (2.9) 0 (0) 0 (0)
    No 34 (97.1) 24 (100) 15 (100)
  Bone marrow
    Yes 4 (11.4) 3 (12.5) 0 (0)
    No 31 (88.6) 21 (87.5) 15 (100)
  Other extranodal sites
    Yes 17 (48.6) 11 (45.8) 2 (13.3)
    No 18 (51.4) 13 (54.2) 13 (86.7)
Time to relapse from diagnosis/prior relapse (months), median (range) 40.1 (17.0 - 51.5) 19.8 (9.6 - 30.9) 7.6 (6.4 - 19.5)
Best response to treatment, N (%)
  CR 13 (37.1) 7 (29.2) 0 (0)
  PR 5 (14.3) 3 (12.5) 0 (0)
  SD 10 (28.6) 4 (16.7) 1 (6.7)
  PD or death 7 (20.0) 8 (33.3) 14 (93.3)
  Unknown 0 (0) 2 (8.3) 0 (0)

CNS: central nervous system; CR: complete remission; PR: partial remission; SD: stable disease; PD: progressive disease.

Figure 1. Kaplan-Meier plots of overall survival (OS) and progression-free survival (PFS) of relapsed/refractory (R/R) mantle cell 
lymphoma (MCL) from first relapse. Small vertical lines on the graph represent censored observations when patients are lost to 
follow-up.



Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.thejh.org 191

Tan et al J Hematol. 2021;10(4):187-195

treatment had a longer OS than patients who did not (median 
OS 55 months, 95% CI 27 - 106 months vs. median OS 35 
months, 95% CI 10 - 37 months), though the difference was 

not statistically significant. Other prognostic factors analyzed 
included gender, sMIPI score at diagnosis, the use of novel 
therapy (lenalidomide, everolimus, borteozomib, and BTK 

Figure 2. Kaplan-Meier plots of overall survival (OS) and progression-free survival (PFS) of relapsed/refractory (R/R) mantle cell 
lymphoma (MCL) at each relapse.
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inhibitor), the use of BTK inhibitors and the use of HSCT at 
initial treatment. These factors were found to be not signifi-
cant in our study (Supplementary Material 4, www.thejh.org). 
In addition, we divided our R/R MCL cohort into two groups, 
analyzing the OS outcomes based on their dates of diagnosis 

(2009 onwards versus prior to 2009). The median OS was 136 
months (2009 onwards; n = 17) compared to 98 months (prior 
to 2009; n = 18), but this was not statistically significant (HR 
0.63, 95% CI 0.23 - 1.73, P = 0.373) (Supplementary Material 
5, www.thejh.org).

Figure 3. Prognostic factors for survival outcomes in patients with relapsed/refractory (R/R) mantle cell lymphoma (MCL) at first 
relapse.
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Discussion

MCL remains incurable with current modes of therapies and 
while survival of MCL patients is improving, most patients are 
expected to relapse over time [14]. With the constant develop-
ment of new drugs to improve treatment outcomes, it is impor-
tant to describe the course of the disease over time and after 
each relapse, so as to facilitate optimal care of the patients. 
Our study represents the first in Asia to study the treatment 
outcomes of patients with R/R MCL. The longitudinal patient 
treatment data collected over 20 years allowed for the obser-
vation of the use of novel therapy on treatment outcomes in 
addition to conventional chemoimmunotherapy. In this study, 
we observed a progressive shortening of both OS and PFS af-
ter each relapse. The median OS after first, second and third 
relapse and beyond were 52, 32 and 12 months, respectively. 
Median PFS also decreased from 19, 8 and 6 months, respec-
tively. Kumar et al reported a similar observation close to our 
cohort with a decline in median OS and PFS after second, third 
and fourth line of treatment (41.4, 25.2 and 14.4 months, re-
spectively; 14, 6.5 and 5 months, respectively) [15]. On top 
of acquired resistance to therapy, the older age at each relapse 
may further preclude patients from undergoing intensive treat-
ment regimens with inherent risks of greater side effects [16]. 
In keeping with this, we also observed that older age (above 
65 years) at first relapse was associated with poorer survival 
outcomes. Treating the elderly with relapsed MCL remains 
complex because of various comorbidities and frailties and 
the consequent increased risk of toxicity from therapies [17]. 
Novel therapies, including BTK inhibitors, are a reasonable 
therapeutic consideration in elderly patients with MCL [18].

In our study, we observed that patients with early relapse 
(within 2 years from diagnosis) had poorer survival outcomes. 
Both median OS and PFS were decreased by more than 50% in 
patients with early relapse. While there is no consensus defini-
tion to early relapse, previous studies have reported similar ob-
servations. In a study by Visco and colleagues, MCL patients 
treated with intensive frontline regimens who had progression 
within 2 years of diagnosis had increased mortality, while 
those who developed progression after 2 years had longer OS 
[19]. Taken together, this suggests that early relapse within 2 
years from diagnosis may be a surrogate outcome measure for 
poor OS.

We also observed that central nervous system (CNS) re-
lapse was very rare in our cohort. CNS relapse has significant 
fatal consequences with a poor median survival and continues 
to have very poor prognosis with current treatment options 
[20, 21]. Only one (2.9%) patient had CNS involvement at re-
lapse and subsequently we did not observe CNS involvement 
in further relapses. CNS relapse is thought to be a rare event 
in MCL; reported rates are relatively low at 4-8% [20, 22]. In 
our cohort we observed an even lower rate. A high Ki-67 (≥ 
30%) has been shown to be strongly associated CNS relapse 
along with factors such as blastoid histology, presence of B 
symptoms, increased serum lactate dehydrogenase (LDH), 
poor Eastern Cooperative Oncology Group (ECOG) perfor-
mance  status  (≥  2)  and  a  high MIPI  score  [22-24]. Overall 
in our cohort, the majority of our patients had a good ECOG 

performance status, a low to intermediate MIPI score and < 
50% had a high Ki-67. This could explain our observation of 
a very low rate of CNS involvement at relapse.

In the original cohort of 56 patients who received chemo-
therapy, six patients received autologous HSCT, of which five 
relapsed. In our cohort, there was a low proportion of patients 
who received HSCT as first-line treatment. Possible reasons 
for this include an older age at diagnosis and most of the 
younger patients receiving (R)-HyperCVAD. In a consensus 
statement by the Asian Lymphoma Study Group, HSCT was 
recommended in young fit patients with advanced disease, its 
use otherwise remains limited with lack of robust evidence 
[13]. The median survival of the five patients who relapsed 
after autologous HSCT was 52 months (95% CI 25 - 52) com-
pared to 51 months (95% CI 22 - 86) in those who did not 
receive HSCT. The difference was not statistically significant. 
We also observed that amongst these five patients, only one 
was an early relapse (within 2 years of diagnosis). Relapse 
after HSCT has been noted to be associated with poor progno-
sis. In the study by Dietrich et al, which looked at outcomes 
of patients who relapsed after HSCT, the median OS of the 
whole study group was 19 months [25]. This differs substan-
tially from the median OS of our five patients and could be 
due to various reasons. Aside from our very small numbers, 
one-third of Dietrich study patients had an early relapse (with-
in 12 months). Early relapse after HSCT has been associated 
with extremely poor prognosis [26, 27] and on the contrary, a 
longer duration to relapse after HSCT may be associated with 
better prognosis.

The limitations of our study include a small sample size 
and thus caution is warranted in interpretation of our results. In 
particular, treatment strategies varied considerably and the ma-
jority of our patients did not receive maintenance rituximab as 
part of first-line treatment. This is likely due to patient recruit-
ment over a long period where treatment strategies evolved 
and improved over the years. Given our small sample size, we 
were also unable to effectively study various prognostic fac-
tors and the treatment outcomes of novel therapy, in particular, 
the use of BTK inhibitors in our cohort of R/R MCL patients.

Conclusions

Our study represents the first to report treatment outcomes and 
survival patterns in an Asian population with R/R MCL. Pa-
tients more than 65 years old and patients who relapse early 
after first-line treatment represent a high-risk group and fur-
ther studies characterizing the use of novel therapies in these 
patients are urgently required to improve their survival out-
comes.

Supplementary Material

Suppl 1. Patient inclusion and treatment overview.
Suppl 2. Systemic Therapy at Each Relapse
Suppl 3. Overall survival of patients with (n = 35) or without 
(n = 19) documented relapse after first-line treatment. Median 
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overall survival was 105 months for the relapsed group, while 
that was not reached for patients without documented relapse 
(hazard ratio 1.13, 95% confidence interval 0.38 - 3.35, P 
= 0.823). Survival of patients who did not receive first-line 
chemotherapy (n = 10) is also shown here for comparison (me-
dian, 9.4 months).
Suppl 4. Factors Associated With Overall Survival of Re-
lapsed/Refractory Mantle Cell Lymphoma Patients
Suppl 5. Overall survival of relapsed/refractory mantle cell 
lymphoma patients according to year of diagnosis. Median 
overall survival was 136 months (2009 onwards; n = 17) com-
pared to 98 months (prior to 2009; n = 18) (hazard ratio 0.63, 
95% confidence interval 0.23 - 1.73, P = 0.373).
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