
MCL	
  varietà	
  aggressiva:	
  	
  
approccio	
  terapeu3co	
  e	
  risulta3	
  

Francesco	
  Zaja,	
  Udine	
  
Rimini,	
  16	
  aprile	
  2016	
  



Oncology	
  Ins<tute	
  of	
  Southern	
  Switzerland,	
  Ghielmini	
  and	
  Zucca,	
  Blood	
  2009	
  

Cause-­‐specific	
  survival	
  of	
  the	
  main	
  	
  
B-­‐cell	
  lymphoma	
  subtypes	
  

1980-­‐2006	
  



Hoster	
  et	
  al,	
  Blood	
  2008	
  

Age	
  x	
  0.03535)	
  
+	
  0.6978	
  (if	
  ECOG	
  >1)	
  
+	
  [1.367	
  x	
  log10(LDH/ULN)]	
  
+	
  [0.9393	
  x	
  log10(WBC	
  count)]	
  

Score	
   Pa3ents	
  
(%)	
  

Median	
  OS	
  
(months)	
  

5-­‐years	
  OS	
  
(%)	
  

Low	
   <	
  5.7	
   44	
   NR	
   60	
  

Intermediate	
   5.7-­‐6.2	
   35	
   51	
   40	
  

High	
   >	
  6.2	
   21	
   29	
   15	
  

Manuale/linee guida generali ad uso interno per la gestione dei pazienti con linfoma e malattie linfoproliferative. Versione 5, Settembre 2014. 

 
25 

3.7 Indice MIPI (linfomi mantellari) 

3.7.1 MIPI (Hoster et al, Blood 2008;111:558) 
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Romaguera et al, 2010). Indeed, in our MCL2 trial (Geisler

et al, 2008), a phase-II study of intensive immuno-chemo-

therapy followed by ASCT in 160 MCL patients, no relapses

had been reported later than 5 years after end of treatment.

However, that report was based on a median observation

time of only 4 years in patients alive in remission (range 1·7
–7·4 years). Here we present an update of these results after

a median observation time of 6·5 years of patients alive in

remission, (range 4–10 years).

Material and methods

This trial was approved by the national medicines agencies

and science ethics committees in Denmark, Finland, Norway

and Sweden and informed consent was obtained from all

patients. One hundred and sixty untreated patients less than

66 years of age, with cyclinD1+ MCL according to World

Health Organization (WHO) criteria (Swerdlow et al, 2001)

on central pathology review, received six cycles of intensive

induction chemotherapy with an augmented CHOP (cyclo-

phosphamide, doxorubicin, vincristine, prednisolone) regi-

men (maxi-CHOP) alternating with high-dose cytarabine

(AraC) (Fig 1). Rituximab (R) was given day 1 from cycle 4

in the first 116 patients, then from cycle 4. In cycle 6 (high-

dose AraC used for stem-cell mobilization) rituximab was

given also on day 9 for in vivo purging. Following a sufficient

stem cell harvest, the patients underwent high-dose

chemotherapy with BEAM (carmustine, etoposide, AraC,

melphalan) or BEAC (carmustine, etoposide, AraC, cylco-

phosphamide) and ASCT.

A complete work-up including history, physical examina-

tion, blood and bone-marrow examination and computerized

tomography (CT) scans was done at study entry, after cycle

5, two months after the ASCT, and subsequently every

6 months for 5 years or until relapse. After 5 years the

patients continued follow-up with annual clinical assessment

and standard blood tests. For the present update, however,

patients in remission beyond 5 years of follow-up also

underwent a whole body CT scan.

Pathology revision

All biopsies were reviewed by one of the central pathology

board members. Only cyclinD1-positive MCL cases were

included. Ki67 expression was assessed semiquantitatively by

‘eyeballing’ by the central pathology reviewer. The recorded

expression was used for the MIPI-B calculation. Acknowledg-

ing the margin of uncertainty of Ki-67 eyeballing, however

(Klapper et al, 2009), Ki-67 was entered as ! 33 vs. >33%
Ki-67 expression for the multivariate outcome analysis.

Minimal residual disease

Primers were sought established for molecular follow-up with

polymerase chain reaction (PCR), either for the t(11;14) or

clonal immunoglobulin heavy chain gene rearrangement

(Andersen et al, 2009). Responding patients with available

primers were studied for molecular relapse in the blood and

the bone marrow every 6 months until relapse or up to for

5 years after the ASCT. Patients with solely molecular relapse

(PCR conversion from negative to positive or increasing

minimal residual disease (MRD) by quantitative PCR, but

otherwise without any clinical or radiological evidence of dis-

ease), were offered pre-emptive therapy with rituximab

375 mg/m2 weekly, four doses.

Statistics

Survival curves were created according to the Kaplan–Meier

method, curve comparisons by log rank tests. Multivariate

analysis was performed by Cox proportional hazard analysis,

given as hazard ratios with 95% confidence intervals. A signif-
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Fig 1. Treatment outline of the MCL2 Trial.

C. H. Geisler et al

356 ª 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 158, 355–362
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chosen on the basis of the data published by Gerdes et al

(1984a), who demonstrated that high-grade lymphomas

showed Ki-67 indices of more than 40%. The survival curves

of the resulting three subgroups were compared by log-rank

test (Table IV). As shown in Fig 4(A), cases with a high mitotic

index of more than 50 mitotic figures/mm2 had a significantly

worse clinical outcome (median overall survival: 17 months,

n ¼ 14) than cases with a moderate mitotic index between 25

and 50 mitotic figures/mm2 (21 months, n ¼ 34) or cases with

a low mitotic index below 25/mm2 (38 months, n ¼ 225,

P ¼ 0Æ0019). Similarly a high Ki-67 index of more than 40%

(n ¼ 7) resulted in significantly shorter overall survival

(median: 15 months) compared with cases with a moderate

Ki-67 index between 10% and 40% (median: 30 months,

n ¼ 131) and cases with a low Ki-67 index of <10% (median:

42 months, n ¼ 48, P ¼ <0Æ0001, Fig 4B). The presence of

proliferation hot spots, as measured by the mitotic or the Ki-67

index, had no impact on overall survival (Table IV).

A univariate Cox regression analysis of all prognostic factors

with respect to overall survival was performed in 304 MCL

patients. Ki-67 index (P < 0Æ0001), mitotic index (P < 0Æ0001),
growth pattern (P ¼ 0Æ0074), age (P ¼ 0Æ0020), bone marrow

infiltration (P ¼ 0Æ0110), performance status (P ¼ 0Æ0440),
LDH (P ¼ 0Æ0305), stage (0Æ0048), B symptoms (P ¼ 0Æ0343)
and extranodal involvement (P ¼ 0Æ0041) resulted in signifi-

cant differences in overall survival time. Interestingly the

International Prognostic Index (IPI) was not significantly

related to overall survival time (P ¼ 0Æ6497).
Because too many data were missing, a multivariate Cox

regression analysis was not performed with all clinical and

histological parameters. In the first analysis of 122 patients,

Ki-67 index, mitotic index, growth pattern and cytology were

available. In this analysis only the mitotic index was significant

(P ¼ 0Æ0025). In the second analysis of 53 patients the two

proliferation markers were analysed in relation to the IPI. The

IPI also had no clinical impact in this smaller group and only

the mitotic index was significant (P ¼ 0Æ0066). In the third

multivariate analysis of 149 patients, Ki-67 index, mitotic

index, age, performance status, LDH, stage and sex were

available and were used to compute a Cox regression with

likelihood ratio and a stepwise conditional approach excluded

parameters with P > 0Æ1. Only the parameters Ki-67 index,

mitotic index and age were of significant influence in this

model (Table V).

Discussion

Mantle cell lymphoma was originally recognised by Tolksdorf

et al (1980) on the basis of its cytomorphological features,

which in some respect resemble those of centrocytes. Addi-

tional cytological variants, such as blastic (Ott et al, 1997, 1998;

Table IV. Ki-67 and mitotic indices compared – overall survival time
and P-values.

n

Median overall

survival (months) P-value

Ki-67 index

First quartile (0–6%) 47 42 0Æ0292
Second quartile (7–14%) 47 37

Third quartile (15–19%) 46 27

Fourth quartile (20–100%) 47 23

Cut-off level (<10%) 48 42 <0Æ0001
Cut-off level (10–40%) 131 30

Cut-off level (>40%) 8 15

Hot spots 40 28 0Æ7193
No hot spots 147 33

Mitotic index

First quartile (0–3/mm2) 69 50 <0Æ0001
Second quartile (4–10/mm2) 68 33

Third quartile (11–19Æ5/mm2) 68 37

Fourth quartile (>19Æ5/mm2) 68 24

Cut-off level <25/mm2) 225 38 <0Æ0001
Cut-off level (25–49/mm2) 34 21

Cut-off level (‡50/mm2) 14 17

Hot spots 89 42 0Æ3834
No hot spots 184 32

Fig 4. Correlation of mitotic index and Ki-67 index with overall sur-
vival in MCL. (A) Overall survival time of patients with various mitotic
indices. (B) Overall survival time of patients with various Ki-67
indices.

M. Tiemann et al

34 ª 2005 Blackwell Publishing Ltd, British Journal of Haematology, 131, 29–38
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A B S T R A C T

Purpose
Mantle-cell lymphoma (MCL) is a rather aggressive B-cell malignancy whose considerable variability of indi-
vidual outcome is associatedwith clinical characteristics (MantleCell Lymphoma International Prognostic Index
[MIPI]). The Ki-67 index is a strong independent prognostic factor; however, the biologic MIPI (MIPI-b) dis-
tinguishes only two groups, which does not appropriately depict the clinical heterogeneity. By using the cohort
fromtheEuropeanMCLYounger andMCLElderly trials,weaimed toevaluate theadditional prognostic impact
of cytology and growth pattern and to improve risk stratification with the Ki-67 index and MIPI.
Patients and Methods
Diagnostic tumor biopsies were reviewed by the European Mantle Cell Lymphoma Pathology Panel
to determine Ki-67 index by using published guidelines, cytology, and growth pattern. We evaluated
prognostic effects for overall survival (OS) by Cox regression. For the cohort used for MIPI-b
development (German Low-Grade Lymphoma Study Group [GLSG] 1996 and GLSG2000), we
checked whether the equally weighted combination of Ki-67 index (dichotomized at the validated
30%cutoff) andMIPI risk groupswas adequate and compared the prognostic power of thismodified
combination to MIPI and MIPI-b for the MCL Younger/MCL Elderly cohort.
Results
The Ki-67 index was assessed in 508 of 832 patients (median age, 62 years). Blastoid cytology was
associated with inferior OS independently of MIPI but not independently of the Ki-67 index. Growth
pattern was not independently prognostic. The modified combination of the Ki-67 index and MIPI
separated four groups with 5-year OS: 85%, 72%, 43%, and 17% (P , .001) and was more dis-
criminative than MIPI and MIPI-b.
Conclusion
Using the Ki-67 index is superior to using cytology and growth pattern as prognostic factors in MCL.
The modified combination of the Ki-67 index and MIPI showed a refined risk stratification, reflecting
their strong complementary prognostic effects while integrating the most relevant prognostic
factors available in clinical routine.

J Clin Oncol 34. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Mantle-cell lymphoma (MCL) typically shows a
rather aggressive clinical course with short
treatment responses and overall survival (OS)1,2

when compared with other B-cell lymphoma

subtypes. The individual variability of clinical
outcome is associated with clinical or histo-
pathologic characteristics evaluated at diagnosis.
As the first MCL-specific prognostic index, the
Mantle Cell Lymphoma International Prognostic
Index (MIPI)3 integrates age, performance status,
lactate dehydrogenase (LDH) level, and WBC

© 2016 by American Society of Clinical Oncology 1
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Fig 1. Overall survival according to (A) Ki-67 index using the previously established cutoff values of 10% and 30%, (B) blastoid versus nonblastoid cytology, (C) diffuse
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Fig 1. Overall survival according to (A) Ki-67 index using the previously established cutoff values of 10% and 30%, (B) blastoid versus nonblastoid cytology, (C) diffuse
versus nondiffuse growth pattern, and Ki-67 index (, 30% v $ 30%) among patients with (D) nonblastoid cytology or (E) blastoid cytology.
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Fig 1. Overall survival according to (A) Ki-67 index using the previously established cutoff values of 10% and 30%, (B) blastoid versus nonblastoid cytology, (C) diffuse
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Fig 1. Overall survival according to (A) Ki-67 index using the previously established cutoff values of 10% and 30%, (B) blastoid versus nonblastoid cytology, (C) diffuse
versus nondiffuse growth pattern, and Ki-67 index (, 30% v $ 30%) among patients with (D) nonblastoid cytology or (E) blastoid cytology.
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MIPI-­‐c	
  risk	
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  (0)	
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   <	
  30%	
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  intermediate	
  (1)	
   Low	
  (0)	
  

Intermediate	
  (1)	
  
≥	
  30%	
  (1)	
  
<	
  30%	
  (0)	
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  intermediate	
  (2)	
   Intermediate	
  (1)	
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  (2)	
  

≥	
  30%	
  (1)	
  
<	
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  (3)	
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   ≥	
  30%	
  (1)	
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•  CHOP	
  vs	
  MCP	
  (GLSG1996)	
  

•  CHOP	
  vs	
  R-­‐CHOP	
  (GLSG2000)	
  

•  R-­‐CHOP	
  è	
  ASCT	
  vs	
  R-­‐CHOP/R-­‐DHAP	
  è	
  ASCT	
  

	
  	
  	
  	
  	
  (NCT00209222)	
  

•  R-­‐CHOP	
  è	
  R	
  vs	
  R-­‐FC	
  è	
  R	
  (NCT00209209)	
  

Studies	
  of	
  European	
  MCL	
  Network	
  



MCL	
  Younger/MCL	
  Elderly	
  cohorts	
  	
   %	
  of	
  pa3ents	
   5-­‐year	
  OS	
  

Low	
  	
   32	
   85%	
  

Low	
  intermediate	
  	
   34	
   72%	
  

High	
  intermediate	
   23	
   43%	
  

High	
   11	
   17%	
  

GLSG1996/GLSG2000	
  	
   %	
  of	
  pa3ents	
   5-­‐year	
  OS	
  

Low	
  	
   44	
   70%	
  

Low	
  intermediate	
  	
   34	
   45%	
  

High	
  intermediate	
   16	
   15%	
  

High	
   5	
   5%	
  



not seem appropriate for values below 30%. This might explain
why low- and intermediate-risk groups according to MIPI-b,
which incorporates Ki-67 index as a quantitative variable (MIPI
score plus 0.02142 3 Ki-67 index [%]; cutoff values of 5.7 and
6.5),3 had overlapping outcome in many evaluations.4-6 Never-
theless, it is natural to combine the strong independent prognostic
factors Ki-67 index andMIPI for risk stratification. In the cohort of
MIPI-b development (GLSG1996/GLSG2000),3 the equally
weighted combination of Ki-67 index, dichotomized at 30%, and
MIPI risk groups was adequate and resulted in four prognostic

groups reflecting the sum of weights (0-3) for Ki-67 index $ 30%
(weight 1), intermediate-risk MIPI (weight 1), and high-risk MIPI
(weight 2). When applied to the independent MCL Younger/MCL
Elderly cohort treated according to current guidelines,20 this
modified combination separated four groups with 5-year OS rates
ranging between 17% and 85%, OS HR greater than 2 between
adjacent risk groups, and discriminatory power superior to MIPI
and MIPI-b.

Recently, other biologic markers have been combined with
MIPI. In a report on 92 younger patients, MIPI was combined with
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Fig 3. Overall survival according to MIPI-c (combination of Ki-67 index and Mantle Cell Lymphoma International Prognostic Index [MIPI]) stratified by age or treatment
group. (A) Patients younger than age 65 years; (B) patients age 65 years or older; (C) patients treated according to the pretrials standards (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone [R-CHOP] followed by autologous stem-cell transplantation or interferon maintenance; control arms); (D) patients of the superior
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multivariable analyses that included growth pattern,9 or combined
growth pattern with cytology into one category.10

In contrast to growth pattern, blastoid cytology was associated
with shorter OS and PFS. However, its prognostic effect was largely
explained by the Ki-67 index, which is generally higher in blastoid
MCL. This is further emphasized by the observation that in both
blastoid and nonblastoidMCL, a higher Ki-67 index was associated
with substantially inferior outcome compared with lower Ki-67
index. These results are in line with other reports from smaller and
mostly heterogeneously treated cohorts in whichMCL cytology did
not retain its prognostic relevance when adjusting for proliferation
and clinical variables.5,10,13

The Ki-67 index remains the only routinely available inde-
pendent prognostic factor in addition to MIPI. In contrast to
cytology and growth pattern, the Ki-67 evaluation has been stan-
dardized14 for routine application. Standardization helps improve

interobserver reproducibility,27 and the Ki-67 index is also used for
many solid tumors such as breast cancer, neuroendocrine tumors,
and soft tissue tumors as an integral part of risk stratification. Of
note, in our study, the Ki-67 index was assessed by different
hematopathologists who followed the guidelines14 independently,
confirming the recommendation for standardized Ki-67 evalua-
tion by clinical guidelines (eg, the European Society for Medical
Oncology [Dreyling et al20]; National Comprehensive Cancer
Network Version 4.2014).

We confirm the prognostic value of the previously validated
30% cutoff value for the Ki-67 index,23 consistent with the results
from a large population-based cohort.6 The 10% cutoff was not
confirmed to be relevant, and within the groups of patients with
Ki-67 index less than 30%, the quantitative level of Ki-67 index did
not provide further prognostic information. Therefore, the
assumption of a linear association of the Ki-67 index with OS does

Table 3. Definition of MIPI-c and Patient Repartition to MIPI-c Risk Groups in GLSG1996/GLSG 2000 and European MCL Younger/MCL Elderly Trial Cohorts

MIPI-c Risk Group
(sum of weights)

MIPI Risk Group
(weight in MIPI-c)

Ki-67 index
(weight in MIPI-c) GLSG (n5246)

European
MCL (n5508)

Low (0) Low (0) ,30% (0) 44% 32%
Low-Intermediate (1) 34% 34%

Low (0) $30% (1) 5% 9%
Intermediate (1) ,30% (0) 29% 25%

High-Intermediate (2) 16% 23%
Intermediate (1) $30% (1) 6% 10%
High (2) ,30% (0) 10% 13%

High (3) High (2) $30% (1) 5% 11%

NOTE. A Web-based calculator for MIPI and MIPI-c is available at http://www.european-mcl.net/en/clinical_mipi.php.
Abbreviations: GLSG, German Low-Grade Lymphoma Study Group; MCL, mantle-cell lymphoma; MIPI, Mantle Cell Lymphoma International Prognostic Index; MIPI-c,
combined Ki-67 index and Mantle Cell Lymphoma International Prognostic Index.
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Fig 2. Overall survival according to the modified combination of Ki-67 index and Mantle Cell Lymphoma International Prognostic Index (MIPI) termed combined MIPI
(MIPI-c) in (A) the GLSG1996/GLSG2000 cohort and (B) the EuropeanMCL Younger/MCL Elderly cohort. Patients with low-risk MIPI-c (L) had low-risk MIPI and Ki-67 index
less than 30%, patients with low-intermediate-risk MIPI-c (LI) had either low-risk MIPI and Ki-67 index $ 30% or intermediate-risk MIPI and Ki-67 index less than 30%,
patients with high-intermediate-risk MIPI-c (HI) had either intermediate-risk MIPI and Ki-67 index$ 30% or high-risk MIPI and Ki-67 index less than 30%, and patients with
high-risk MIPI-c (H) had high-risk MIPI and Ki-67 index $ 30%. GLSG, German Low-Grade Lymphoma Study Group; MCL, mantle-cell lymphoma.

6 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Hoster et al

Hoster	
  et	
  al,	
  JCO	
  2016	
  



Our	
  results	
  also	
  show	
  that:	
  
•  Ki-­‐67	
  index	
  is	
  a	
  beler	
  prognos<c	
  factor	
  than	
  cytology	
  and	
  growth	
  palern	
  
•  Ki-­‐67	
  	
  should	
  be	
  used	
  together	
  with	
  MIPI	
  	
  
•  the	
   modified	
   combina<on	
   of	
   Ki-­‐67	
   index	
   and	
   MIPI	
   integrates	
   the	
   most	
  

important	
   clinical	
   and	
   biologic	
   markers	
   currently	
   available	
   in	
   clinical	
  
rou<ne	
  	
  

•  the	
  currently	
  applied	
  treatment	
  strategies	
  have	
  not	
  overcome	
  established	
  
prognos<c	
  factors,	
  emphasizing	
  the	
  need	
  for	
  new	
  treatment	
  approaches.	
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… but not all the patients were treated with the most
 active agents…
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Background
The proteasome inhibitor bortezomib was initially approved for the treatment of re-
lapsed mantle-cell lymphoma. We investigated whether substituting bortezomib for 
vincristine in frontline therapy with R-CHOP (rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone) could improve outcomes in patients with new-
ly diagnosed mantle-cell lymphoma.

Methods
In this phase 3 trial, we randomly assigned 487 adults with newly diagnosed mantle-
cell lymphoma who were ineligible or not considered for stem-cell transplantation 
to receive six to eight 21-day cycles of R-CHOP intravenously on day 1 (with predni-
sone administered orally on days 1 to 5) or VR-CAP (R-CHOP regimen, but replacing 
vincristine with bortezomib at a dose of 1.3 mg per square meter of body-surface 
area on days 1, 4, 8, and 11). The primary end point was progression-free survival.

Results
After a median follow-up of 40 months, median progression-free survival (accord-
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P<0.001), a relative improvement of 59%. On the basis of investigator assessment, 
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Conclusions
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.gov number, NCT00722137.)
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chosen on the basis of the data published by Gerdes et al

(1984a), who demonstrated that high-grade lymphomas

showed Ki-67 indices of more than 40%. The survival curves

of the resulting three subgroups were compared by log-rank

test (Table IV). As shown in Fig 4(A), cases with a high mitotic

index of more than 50 mitotic figures/mm2 had a significantly

worse clinical outcome (median overall survival: 17 months,

n ¼ 14) than cases with a moderate mitotic index between 25

and 50 mitotic figures/mm2 (21 months, n ¼ 34) or cases with

a low mitotic index below 25/mm2 (38 months, n ¼ 225,

P ¼ 0Æ0019). Similarly a high Ki-67 index of more than 40%

(n ¼ 7) resulted in significantly shorter overall survival

(median: 15 months) compared with cases with a moderate

Ki-67 index between 10% and 40% (median: 30 months,

n ¼ 131) and cases with a low Ki-67 index of <10% (median:

42 months, n ¼ 48, P ¼ <0Æ0001, Fig 4B). The presence of

proliferation hot spots, as measured by the mitotic or the Ki-67

index, had no impact on overall survival (Table IV).

A univariate Cox regression analysis of all prognostic factors

with respect to overall survival was performed in 304 MCL

patients. Ki-67 index (P < 0Æ0001), mitotic index (P < 0Æ0001),
growth pattern (P ¼ 0Æ0074), age (P ¼ 0Æ0020), bone marrow

infiltration (P ¼ 0Æ0110), performance status (P ¼ 0Æ0440),
LDH (P ¼ 0Æ0305), stage (0Æ0048), B symptoms (P ¼ 0Æ0343)
and extranodal involvement (P ¼ 0Æ0041) resulted in signifi-

cant differences in overall survival time. Interestingly the

International Prognostic Index (IPI) was not significantly

related to overall survival time (P ¼ 0Æ6497).
Because too many data were missing, a multivariate Cox

regression analysis was not performed with all clinical and

histological parameters. In the first analysis of 122 patients,

Ki-67 index, mitotic index, growth pattern and cytology were

available. In this analysis only the mitotic index was significant

(P ¼ 0Æ0025). In the second analysis of 53 patients the two

proliferation markers were analysed in relation to the IPI. The

IPI also had no clinical impact in this smaller group and only

the mitotic index was significant (P ¼ 0Æ0066). In the third

multivariate analysis of 149 patients, Ki-67 index, mitotic

index, age, performance status, LDH, stage and sex were

available and were used to compute a Cox regression with

likelihood ratio and a stepwise conditional approach excluded

parameters with P > 0Æ1. Only the parameters Ki-67 index,

mitotic index and age were of significant influence in this

model (Table V).

Discussion

Mantle cell lymphoma was originally recognised by Tolksdorf

et al (1980) on the basis of its cytomorphological features,

which in some respect resemble those of centrocytes. Addi-

tional cytological variants, such as blastic (Ott et al, 1997, 1998;

Table IV. Ki-67 and mitotic indices compared – overall survival time
and P-values.

n

Median overall

survival (months) P-value

Ki-67 index

First quartile (0–6%) 47 42 0Æ0292
Second quartile (7–14%) 47 37

Third quartile (15–19%) 46 27

Fourth quartile (20–100%) 47 23

Cut-off level (<10%) 48 42 <0Æ0001
Cut-off level (10–40%) 131 30

Cut-off level (>40%) 8 15

Hot spots 40 28 0Æ7193
No hot spots 147 33

Mitotic index

First quartile (0–3/mm2) 69 50 <0Æ0001
Second quartile (4–10/mm2) 68 33

Third quartile (11–19Æ5/mm2) 68 37

Fourth quartile (>19Æ5/mm2) 68 24

Cut-off level <25/mm2) 225 38 <0Æ0001
Cut-off level (25–49/mm2) 34 21

Cut-off level (‡50/mm2) 14 17

Hot spots 89 42 0Æ3834
No hot spots 184 32

Fig 4. Correlation of mitotic index and Ki-67 index with overall sur-
vival in MCL. (A) Overall survival time of patients with various mitotic
indices. (B) Overall survival time of patients with various Ki-67
indices.

M. Tiemann et al

34 ª 2005 Blackwell Publishing Ltd, British Journal of Haematology, 131, 29–38
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BACKGROUND
Mantle-cell lymphoma is generally incurable. Initial treatment is not standardized 
but usually includes cytotoxic chemotherapy. Lenalidomide, an immunomodula-
tory compound, and rituximab, an anti-CD20 antibody, are active in patients with 
recurrent mantle-cell lymphoma. We evaluated lenalidomide plus rituximab as a 
first-line therapy.

METHODS
We conducted a single-group, multicenter, phase 2 study with induction and main-
tenance phases. During the induction phase, lenalidomide was administered at a 
dose of 20 mg daily on days 1 through 21 of every 28-day cycle for 12 cycles; the 
dose was escalated to 25 mg daily after the first cycle if no dose-limiting adverse 
events occurred during the first cycle and was reduced to 15 mg daily during the 
maintenance phase. Rituximab was administered once weekly for the first 4 weeks 
and then once every other cycle until disease progression. The primary end point 
was the overall response rate. Secondary end points included outcomes related to 
safety, survival, and quality of life.

RESULTS
A total of 38 participants were enrolled at four centers from July 2011 through 
April 2014. The median age was 65 years. On the basis of the Mantle Cell Lym-
phoma International Prognostic Index scores, the proportions of participants with 
low-risk, intermediate-risk, and high-risk disease at baseline were similar (34%, 
34%, and 32%, respectively). The most common grade 3 or 4 adverse events were 
neutropenia (in 50% of the patients), rash (in 29%), thrombocytopenia (in 13%), 
an inflammatory syndrome (“tumor flare”) (in 11%), anemia (in 11%), serum sick-
ness (in 8%), and fatigue (in 8%). At the median follow-up of 30 months (through 
February 2015), the overall response rate among the participants who could be 
evaluated was 92% (95% confidence interval [CI], 78 to 98), and the complete re-
sponse rate was 64% (95% CI, 46 to 79); median progression-free survival had not 
been reached. The 2-year progression-free survival was estimated to be 85% (95% 
CI, 67 to 94), and the 2-year overall survival 97% (95% CI, 79 to 99). A response 
to treatment was associated with improvement in quality of life.

CONCLUSIONS
Combination biologic therapy consisting of lenalidomide plus rituximab was active 
as initial therapy for mantle-cell lymphoma. (Funded by Celgene and Weill Cornell 
Medical College; ClinicalTrials.gov number, NCT01472562.)
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the best response measured at month 6 would be 
conducted on the first 16 patients who could 
be evaluated. If 7 or more of the 16 patients had 
a response to treatment, enrollment would ex-
tend to 28 patients. During the second stage, if 
15 or more of these 28 patients had a response, 
the treatment would then be worthy of further 
testing. Enrollment would be expanded post hoc 
to enhance the precision of the observed re-
sponse rate, as determined by the calculation of 
90% and 95% confidence intervals. With an esti-
mated final sample size of 38 patients (34 pa-
tients who could be evaluated), a 90% confi-
dence interval for an expected response rate of 
60% could be calculated to be within ±14.0% of 
the observed response rate and a 95% confidence 
interval could be calculated to be within ±16.7% 
of the observed response rate.

Secondary end points of progression-free and 
overall survival were assessed with the use of a 
Kaplan–Meier analysis. Paired t-tests were used 
to compare quality-of-life measures obtained at 
follow-up time points with those obtained at 
baseline. Data from all participants who re-
ceived any therapy were included in the safety 
analyses. For the secondary end points, all P val-
ues were two-sided, and P values of less than 
0.05 were considered to indicate statistical sig-
nificance. All analyses were performed with the 
use of SAS software, version 9.4 (SAS Institute), 
and Stata software, version 13.0 (StataCorp).

R esult s

Patient Characteristics
During the period from July 2011 through April 
2014, a total of 38 patients were enrolled in the 
study (Table 1). The median age was 65 years 
(range, 42 to 86); 100% had Ann Arbor stage III 
or IV disease, 39% had elevated lactate dehydro-
genase levels, and 89% had bone marrow involve-
ment. On the basis of the MIPI scores, 34% had 
low-risk disease, 34% had intermediate-risk dis-
ease, and 32% had high-risk disease; on the basis 
of the scores on the International Prognostic 
Index (IPI, which ranges from 0 to 5, with higher 
scores indicating greater risk; for a complete 
description of the index, see the Supplementary 
Appendix), 47% had low-intermediate–risk dis-
ease (score of 2), 26% had high-intermediate–
risk disease (score of 3), and 11% had high-risk 
disease (score of 4 or 5). Results of staining for 

Characteristic Patients (N = 38)

Sex — no. (%)

Male 27 (71)

Female 11 (29)

Age — yr

Median 65

Range 42–86

ECOG performance status — no. (%)*

0–1 37 (97)

>1 1 (3)

Ann Arbor stage III or IV — no. (%) 38 (100)

Lactate dehydrogenase level — no. (%)

Normal 23 (61)

Elevated 15 (39)

Bone marrow involvement — no. (%)

Yes 34 (89)

No 4 (11)

MIPI score — no. (%)†

<5.7 13 (34)

5.7 to <6.2 13 (34)

≥6.2 12 (32)

IPI score — no. (%)‡

0–1 6 (16)

2 18 (47)

3 10 (26)

4–5 4 (11)

Ki-67 index — no. (%)

<30% 26 (68)

≥30% 8 (21)

Unavailable 4 (11)

Indication for treatment — no. (%)

Symptomatic lymphadenopathy 20 (53)

Cytopenia 7 (18)

Bulky disease (>5 cm) 5 (13)

Gastrointestinal symptom 3 (8)

Patient preference 2 (5)

Rapidly rising white-cell count (>100,000/µl) 1 (3)

*  An Eastern Cooperative Oncology Group (ECOG) performance-status score of 
0 indicates no symptoms, and a score of 1 indicates mild symptoms; higher 
scores indicate greater disability.

†  A Mantle Cell Lymphoma International Prognostic Index (MIPI) score lower than 
5.7 indicates low-risk disease, a score of 5.7 to less than 6.2 indicates inter-
mediate-risk disease, and a score of 6.2 or higher indicates high-risk disease.

‡  A International Prognostic Index (IPI) score of 0 or 1 indicates low-risk disease, 
a score of 2 indicates low-intermediate–risk disease, a score of 3 indicates high-
intermediate–risk disease, and a score of 4 or 5 indicates high-risk disease.

Table 1. Baseline Characteristics.
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Ki-67 were available for 34 patients (89%), and 
the Ki-67 index (the percentage of cells positive 
for Ki-67) was 30% or higher in 8 patients (21%). 
No patients had pleomorphic or blastoid histo-
logic features. All the patients had indications 
for treatment, the most common of which were 
symptomatic lymphadenopathy (53%), cytopenias 
(18%), and bulky disease (13%). Two patients — 
one with a MIPI score indicating intermediate-
risk disease and one with a score indicating 
high-risk disease — could not be evaluated be-
cause they had an inflammatory syndrome (“tu-
mor flare”) during the first cycle and were 
withdrawn before response assessment. At the 
median follow-up of 30 months (through Febru-
ary 2015), the 36 patients who could be evaluated 
had collectively undergone a total of 932 cycles 
of therapy with lenalidomide and had each re-
ceived a median of 16 doses (range, 4 to 26) of 
rituximab.

Efficacy
At the median follow-up of 30 months (range, 
10 to 42), in the intention-to-treat population 
(38 patients), the overall response rate was 87% 
and the complete response rate was 61%. Among 
the patients who could be evaluated (36 patients), 
the overall response rate was 92% and the com-
plete response rate was 64% (Table 2). The num-
ber of complete responses increased over time 
with continuous treatment (Fig. S2 in the Sup-
plementary Appendix). The median time to a 
partial response to treatment was 3 months 
(range, 3 to 13), and the median time to a com-
plete response was estimated to be 11 months 
(range, 3 to 22). The 2-year progression-free 
survival rate was 85% (95% confidence interval 
[CI], 67 to 94), and the 2-year overall survival 
rate was 97% (95% CI, 79 to 99). Median pro-
gression-free survival and median overall sur-
vival had not yet been reached at the median 
follow-up (Table 3 and Fig. 1 and 2).

Neither the MIPI and IPI scores nor the Ki-67 
index measurements were correlated with re-
sponse to treatment or progression-free survival. 
A MIPI score indicating high-risk disease was 
correlated with an unfavorable overall survival 
(P = 0.05) (Fig. 2). Of the 36 patients who could 
be evaluated, 28 (78%) were in remission with-
out disease progression, including 26 who had 
completed induction therapy and were receiving 
maintenance therapy, 1 who had almost com-

pleted induction therapy, and 1 who had received 
the study treatment for 3 years and was no lon-
ger receiving therapy while remaining in com-
plete remission. Eight patients who could be 
evaluated had disease progression: 3 had pri-
mary refractory disease, and 5 had disease pro-

Response Patients

Intention-to-
Treat 

Population  
(N = 38)

Patients Who 
Could Be 
Evaluated 
(N = 36)

no. %

Overall response 33 87 92

Complete response* 23 61 64

Partial response 10 26 28

Stable disease 1 3 3

Progressive disease† 2 5 6

Could not be evaluated‡ 2 5

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

†  Although eight patients had progressive disease, two had primary progressive 
disease; six other patients had either stable disease, partial remission, or com-
plete remission before progressive disease developed.

‡  Treatment was discontinued because an inflammatory syndrome (tumor flare) 
without disease progression occurred before the response assessment was 
performed.

Table 2. Rates of Best Response at the Median Follow-up of 30 Months.

Variable Value

Median progression-free survival Not reached

2-Yr progression-free survival — % of patients  
(95% CI)

85 (67–94)

2-Yr overall survival — % of patients (95% CI) 97 (79–99)

Follow-up time — mo

Median 30

Range 10–42

Time to partial response — mo

Median 3

Range 3–13

Time to complete response — mo*

Median 11

Range 3–22

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

Table 3. Survival and Follow-up Data.
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Ki-67 were available for 34 patients (89%), and 
the Ki-67 index (the percentage of cells positive 
for Ki-67) was 30% or higher in 8 patients (21%). 
No patients had pleomorphic or blastoid histo-
logic features. All the patients had indications 
for treatment, the most common of which were 
symptomatic lymphadenopathy (53%), cytopenias 
(18%), and bulky disease (13%). Two patients — 
one with a MIPI score indicating intermediate-
risk disease and one with a score indicating 
high-risk disease — could not be evaluated be-
cause they had an inflammatory syndrome (“tu-
mor flare”) during the first cycle and were 
withdrawn before response assessment. At the 
median follow-up of 30 months (through Febru-
ary 2015), the 36 patients who could be evaluated 
had collectively undergone a total of 932 cycles 
of therapy with lenalidomide and had each re-
ceived a median of 16 doses (range, 4 to 26) of 
rituximab.

Efficacy
At the median follow-up of 30 months (range, 
10 to 42), in the intention-to-treat population 
(38 patients), the overall response rate was 87% 
and the complete response rate was 61%. Among 
the patients who could be evaluated (36 patients), 
the overall response rate was 92% and the com-
plete response rate was 64% (Table 2). The num-
ber of complete responses increased over time 
with continuous treatment (Fig. S2 in the Sup-
plementary Appendix). The median time to a 
partial response to treatment was 3 months 
(range, 3 to 13), and the median time to a com-
plete response was estimated to be 11 months 
(range, 3 to 22). The 2-year progression-free 
survival rate was 85% (95% confidence interval 
[CI], 67 to 94), and the 2-year overall survival 
rate was 97% (95% CI, 79 to 99). Median pro-
gression-free survival and median overall sur-
vival had not yet been reached at the median 
follow-up (Table 3 and Fig. 1 and 2).

Neither the MIPI and IPI scores nor the Ki-67 
index measurements were correlated with re-
sponse to treatment or progression-free survival. 
A MIPI score indicating high-risk disease was 
correlated with an unfavorable overall survival 
(P = 0.05) (Fig. 2). Of the 36 patients who could 
be evaluated, 28 (78%) were in remission with-
out disease progression, including 26 who had 
completed induction therapy and were receiving 
maintenance therapy, 1 who had almost com-

pleted induction therapy, and 1 who had received 
the study treatment for 3 years and was no lon-
ger receiving therapy while remaining in com-
plete remission. Eight patients who could be 
evaluated had disease progression: 3 had pri-
mary refractory disease, and 5 had disease pro-

Response Patients

Intention-to-
Treat 

Population  
(N = 38)

Patients Who 
Could Be 
Evaluated 
(N = 36)

no. %

Overall response 33 87 92

Complete response* 23 61 64

Partial response 10 26 28

Stable disease 1 3 3

Progressive disease† 2 5 6

Could not be evaluated‡ 2 5

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

†  Although eight patients had progressive disease, two had primary progressive 
disease; six other patients had either stable disease, partial remission, or com-
plete remission before progressive disease developed.

‡  Treatment was discontinued because an inflammatory syndrome (tumor flare) 
without disease progression occurred before the response assessment was 
performed.

Table 2. Rates of Best Response at the Median Follow-up of 30 Months.

Variable Value

Median progression-free survival Not reached

2-Yr progression-free survival — % of patients  
(95% CI)

85 (67–94)

2-Yr overall survival — % of patients (95% CI) 97 (79–99)

Follow-up time — mo

Median 30

Range 10–42

Time to partial response — mo

Median 3

Range 3–13

Time to complete response — mo*

Median 11

Range 3–22

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

Table 3. Survival and Follow-up Data.
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gression after having had initial responses (2 who 
had had complete responses and progression-
free survival of 18 and 39 months and 3 who had 
had partial responses and progression-free sur-
vival of 14, 25, and 28 months). Two participants 
died from progressive disease, including 1 who 
could not be evaluated and had had disease pro-
gression after multiple subsequent regimens and 
1 who had been in complete remission for 18 
months.

Adverse Events
Treatment was associated with toxic effects that 
have been reported previously with these agents 
(Table 4, and Table S1 in the Supplementary Ap-
pendix). Grade 3 or 4 hematologic adverse events 
included neutropenia (in 50% of the patients, 
42% during the induction phase and 32% during 
the maintenance phase), thrombocytopenia (in 
13% of the patients, 11% during the induction 
phase and 5% during the maintenance phase), 
and anemia (in 11% of the patients, 8% during 
the induction phase and 3% during the mainte-
nance phase). Two patients (5%) had febrile 
neutropenia, which resolved with the adminis-
tration of granulocyte colony-stimulating factor 
and systemic antibiotic agents. Grade 3 or 4 non-
hematologic adverse events that occurred in 
more than 5% of patients were rash (in 29%), an 
inflammatory syndrome (tumor flare) (in 11%), 
serum sickness associated with rituximab (in 
8%), and fatigue (in 8%); these were reported 
only during the induction phase. Grade 1 or 2 
nonhematologic adverse events that occurred in 
more than 25% of patients were diarrhea, cough, 
hyperglycemia, constipation, edema, nausea, an-
orexia, dyspnea, and elevated aminotransferase 
levels. Grade 1 or 2 infections that occurred dur-
ing both the induction and maintenance phases 
included upper respiratory tract infection (in 39%), 
urinary tract infection (in 18%), sinusitis (in 
11%), and cellulitis (in 8%). Grade 3 infections 
— including three cases of pneumonia, one case 
of cholangitis, and one case of West Nile viral 
encephalitis — were reported during the main-
tenance phase; all resolved with the administra-
tion of antibiotics and supportive care. Second-
ary cancers were predominantly noninvasive skin 
cancers requiring local therapy, including two 
cases of squamous-cell carcinoma, one case of 
basal-cell carcinoma, and two cases of mela-
noma in situ. Merkel-cell carcinoma developed 
in an 86-year-old participant after 18 months of 
therapy, and pancreatic cancer was diagnosed 
in a 68-year-old participant after 12 months of 
therapy.

Treatment Modifications
Among the 33 patients with normal renal func-
tion, 36% had no unacceptable side effects as-
sociated with the dose escalation from 20 mg to 
25 mg, whereas 42% required a dose reduction 

Figure 1. Progression-free Survival.

Panel A shows the probability of progression-free survival among the 36 pa-
tients who could be evaluated. Panel B shows the probability of progression-
free survival according to the baseline score on the Mantle Cell Lymphoma 
International Prognostic Index (MIPI) — lower than 6.2 (indicating low-risk or 
intermediate-risk disease) versus 6.2 or higher (indicating high-risk disease).
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had partial responses and progression-free sur-
vival of 14, 25, and 28 months). Two participants 
died from progressive disease, including 1 who 
could not be evaluated and had had disease pro-
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1 who had been in complete remission for 18 
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Treatment was associated with toxic effects that 
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(Table 4, and Table S1 in the Supplementary Ap-
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and anemia (in 11% of the patients, 8% during 
the induction phase and 3% during the mainte-
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and systemic antibiotic agents. Grade 3 or 4 non-
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more than 5% of patients were rash (in 29%), an 
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Ki-67 were available for 34 patients (89%), and 
the Ki-67 index (the percentage of cells positive 
for Ki-67) was 30% or higher in 8 patients (21%). 
No patients had pleomorphic or blastoid histo-
logic features. All the patients had indications 
for treatment, the most common of which were 
symptomatic lymphadenopathy (53%), cytopenias 
(18%), and bulky disease (13%). Two patients — 
one with a MIPI score indicating intermediate-
risk disease and one with a score indicating 
high-risk disease — could not be evaluated be-
cause they had an inflammatory syndrome (“tu-
mor flare”) during the first cycle and were 
withdrawn before response assessment. At the 
median follow-up of 30 months (through Febru-
ary 2015), the 36 patients who could be evaluated 
had collectively undergone a total of 932 cycles 
of therapy with lenalidomide and had each re-
ceived a median of 16 doses (range, 4 to 26) of 
rituximab.

Efficacy
At the median follow-up of 30 months (range, 
10 to 42), in the intention-to-treat population 
(38 patients), the overall response rate was 87% 
and the complete response rate was 61%. Among 
the patients who could be evaluated (36 patients), 
the overall response rate was 92% and the com-
plete response rate was 64% (Table 2). The num-
ber of complete responses increased over time 
with continuous treatment (Fig. S2 in the Sup-
plementary Appendix). The median time to a 
partial response to treatment was 3 months 
(range, 3 to 13), and the median time to a com-
plete response was estimated to be 11 months 
(range, 3 to 22). The 2-year progression-free 
survival rate was 85% (95% confidence interval 
[CI], 67 to 94), and the 2-year overall survival 
rate was 97% (95% CI, 79 to 99). Median pro-
gression-free survival and median overall sur-
vival had not yet been reached at the median 
follow-up (Table 3 and Fig. 1 and 2).

Neither the MIPI and IPI scores nor the Ki-67 
index measurements were correlated with re-
sponse to treatment or progression-free survival. 
A MIPI score indicating high-risk disease was 
correlated with an unfavorable overall survival 
(P = 0.05) (Fig. 2). Of the 36 patients who could 
be evaluated, 28 (78%) were in remission with-
out disease progression, including 26 who had 
completed induction therapy and were receiving 
maintenance therapy, 1 who had almost com-

pleted induction therapy, and 1 who had received 
the study treatment for 3 years and was no lon-
ger receiving therapy while remaining in com-
plete remission. Eight patients who could be 
evaluated had disease progression: 3 had pri-
mary refractory disease, and 5 had disease pro-

Response Patients

Intention-to-
Treat 

Population  
(N = 38)

Patients Who 
Could Be 
Evaluated 
(N = 36)

no. %

Overall response 33 87 92

Complete response* 23 61 64

Partial response 10 26 28

Stable disease 1 3 3

Progressive disease† 2 5 6

Could not be evaluated‡ 2 5

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

†  Although eight patients had progressive disease, two had primary progressive 
disease; six other patients had either stable disease, partial remission, or com-
plete remission before progressive disease developed.

‡  Treatment was discontinued because an inflammatory syndrome (tumor flare) 
without disease progression occurred before the response assessment was 
performed.

Table 2. Rates of Best Response at the Median Follow-up of 30 Months.

Variable Value

Median progression-free survival Not reached

2-Yr progression-free survival — % of patients  
(95% CI)

85 (67–94)

2-Yr overall survival — % of patients (95% CI) 97 (79–99)

Follow-up time — mo

Median 30

Range 10–42

Time to partial response — mo

Median 3

Range 3–13

Time to complete response — mo*

Median 11

Range 3–22

*  A complete response was confirmed by means of combined positron-emission 
tomography and computed tomography and, when indicated, by means of a 
bone marrow biopsy.

Table 3. Survival and Follow-up Data.
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Ibrutinib in combination with rituximab in relapsed or 
refractory mantle cell lymphoma: a single-centre, 
open-label, phase 2 trial
Michael L Wang, Hun Lee, Hubert Chuang, Nicolaus Wagner-Bartak, Frederick Hagemeister, Jason Westin, Luis Fayad, Felipe Samaniego, 
Francesco Turturro, Yasuhiro Oki, Wendy Chen, Maria Badillo, Krystle Nomie, Maria DeLa Rosa, Donglu Zhao, Laura Lam, Alicia Addison, 
Hui Zhang, Ken H Young, Shaoying Li, David Santos, L Jeff rey Medeiros, Richard Champlin, Jorge Romaguera, Leo Zhang

Summary
Background Ibrutinib is approved in the EU, USA, and other countries for patients with mantle cell lymphoma who 
received one previous therapy. In a previous phase 2 study with single-agent ibrutinib, the proportion of patients who 
achieved an objective response was 68%; 38 (34%) of 111 patients had transient lymphocytosis. We hypothesised that 
adding rituximab could target mantle cell lymphoma cells associated with redistribution lymphocytosis, leading to 
more potent antitumour activity.

Methods Patients with a confi rmed mantle cell lymphoma diagnosis (based on CD20-positive and cyclin D1-positive 
cells in tissue biopsy specimens), no upper limit on the number of previous treatments received, and an Eastern 
Cooperative Oncology Group performance status score of 2 or less were enrolled in this single-centre, open-label, 
phase 2 study. Patients received continuous oral ibrutinib (560 mg) daily until progessive disease or unacceptable toxic 
eff ects. Rituximab 375 mg/m² was given intravenously once per week for 4 weeks during cycle 1, then on day 1 of 
cycles 3–8, and thereafter once every other cycle up to 2 years. The primary endpoint was the proportion of patients who 
achieved an objective response in the intention-to-treat population and safety assessed in the as-treated population. The 
study is registered with ClinicalTrials.gov, number NCT01880567, and is still ongoing, but no longer accruing patients.

Findings Between July 15, 2013, and June 30, 2014, 50 patients were enrolled. Median age was 67 years (range 
45–86), and the median number of previous regimens was three (range 1–9). At a median follow-up of 16·5 months 
(IQR 12·09–19·28), 44 (88%, 95% CI 75·7–95·5) patients achieved an objective response, with 22 (44%, 30·0–58·7) 
patients achieving a complete response, and 22 (44%, 30·0–58·7) a partial response. The only grade 3 adverse event 
in >=10% of patients was atrial fi brillation, which was noted in six (12%) patients. Grade 4 diarrhoea and neutropenia 
occurred in one patient each. Adverse events led to discontinuation of therapy in fi ve (10%) patients (atrial 
fi brillation in three [6%] patients, liver infection in one [2%], and bleeding in one [2%]). Two patients died while on-
study from cardiac arrest and septic shock; the latter was deemed possibly related to treatment.

Interpretation Ibrutinib combined with rituximab is active and well tolerated in patients with relapsed or refractory 
mantle cell lymphoma. Our results provide preliminary evidence for the activity of this combination in clinical 
practice. A phase 3 trial is warranted for more defi nitive data.

Funding Pharmacyclics LLC, an AbbVie Company.

Introduction
Mantle cell lymphoma is a distinctive subtype of B-cell 
non-Hodgkin lymphoma.1 Although mantle cell lymphoma 
initially responds to current front-line treatments (typically 
comprising rituximab combined with multiagent 
chemotherapy), relapse is common, and no standard 
regimens exist for relapsed or refractory disease.2,3 Patients 
with mantle cell lymphoma who have relapsed respond 
poorly to conventional therapy and are likely to develop 
chemoresistance, often leading to death from progressive 
disease.4 Innovative approaches are urgently needed to 
overcome these poor treatment outcomes.

Ibrutinib is a fi rst-in-class covalent inhibitor of Bruton’s 
tyrosine kinase (BTK),5 a key component of the B-cell 
receptor signalling pathway.6–10 In a previous single-arm 
phase 2 ibrutinib study in patients with relapsed or 

refractory mantle cell lymphoma, where patients were 
given oral ibrutinib once-daily the proportion of patients 
achieving an objective response was 68%, with 21% 
achieving a complete response.11 A longer-term follow-up 
(median 26·7 months) of this study recently reported 
that 67% of patients achieved an objective response, 23% 
a complete response, with median progression-free 
survival of 13 months (95% CI 7·0–17·5), and median 
overall survival of 22·5 months (13·7–not reached).12 
Based on the results of the phase 2 study, ibrutinib has 
been approved in the EU, USA, and other countries to 
treat patients with mantle cell lymphoma who have 
received at least one previous therapy.

In the phase 2 study, we recorded transient 
lymphocytosis (increase in peripheral blood lympho-
cytes) in 38 (34%) of 111 patients during the tumour 
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non-Hodgkin lymphoma.1 Although mantle cell lymphoma 
initially responds to current front-line treatments (typically 
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regimens exist for relapsed or refractory disease.2,3 Patients 
with mantle cell lymphoma who have relapsed respond 
poorly to conventional therapy and are likely to develop 
chemoresistance, often leading to death from progressive 
disease.4 Innovative approaches are urgently needed to 
overcome these poor treatment outcomes.

Ibrutinib is a fi rst-in-class covalent inhibitor of Bruton’s 
tyrosine kinase (BTK),5 a key component of the B-cell 
receptor signalling pathway.6–10 In a previous single-arm 
phase 2 ibrutinib study in patients with relapsed or 

refractory mantle cell lymphoma, where patients were 
given oral ibrutinib once-daily the proportion of patients 
achieving an objective response was 68%, with 21% 
achieving a complete response.11 A longer-term follow-up 
(median 26·7 months) of this study recently reported 
that 67% of patients achieved an objective response, 23% 
a complete response, with median progression-free 
survival of 13 months (95% CI 7·0–17·5), and median 
overall survival of 22·5 months (13·7–not reached).12 
Based on the results of the phase 2 study, ibrutinib has 
been approved in the EU, USA, and other countries to 
treat patients with mantle cell lymphoma who have 
received at least one previous therapy.

In the phase 2 study, we recorded transient 
lymphocytosis (increase in peripheral blood lympho-
cytes) in 38 (34%) of 111 patients during the tumour 
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infusion was temporarily slowed or interrupted if 
hypersensitivity or an infusion-related event developed 
during the fi rst infusion. No dose reductions were 

permitted for rituximab. Ibrutinib was given orally at a 
fi xed continuous dose of 560 mg/day until progessive 
disease or unacceptable toxic eff ects. For toxic eff ects 
requiring dose modifi cations, the ibrutinib dose was 
reduced from 560 mg daily to 420 mg daily, then to Total (n=50)

Median age (years) 67 (45–86)

Men 38 (76%)

Women 12 (24%)

ECOG performance status 0–1 50 (100%)

Simplifi ed Mantle Cell International Prognostic Index

Low risk 22 (44%)

Intermediate risk 22 (44%)

High risk 6 (12%)

Tumour features

Bulky mass 3 (6%)

At least one node ≥5 cm 17 (34%)

Refractory disease 35 (70%)

Stage 4 at diagnosis 50 (100%)

Bone marrow involvement at study entry 15 (30%)

Median time from diagnosis (months) 72 (15–188)

Median duration of last remission (months) 2·5 (0–6)

Median number of previous lines of therapy 3 (1–9)

Number of previous therapies

1 6 (12%)

2 17 (34%)

3 10 (20%)

4 7 (14%)

5 6 (12%)

6 ··

7 2 (4%)

8 1 (2%)

9 1 (2%)

Types of previous therapies

R-Hyper-CVAD 28 (56%)

Rituxan, methotrexate, and cytarabine 20 (40%)

Bortezomib 18 (36%)

Rituximab 14 (28%)

Bendamustine and rituximab 13 (26%)

R-CHOP 12 (24%)

Lenalidomide and rituximab 6 (12%)

Hyper-CVAD 4 (8%)

Lenalidomide 3 (6%)

Temsirolimus 1 (2%)

R-EPOCH 1 (2%)

Any rituximab-containing regimens 50 (100%)

Any hyper-CVAD containing regimens 39 (78%)

Any bortezomib-containing regimens 38 (76%)

Any lenalidomide-containing regimens 10 (20%)

Data are n (%) or median (range). ECOG=Eastern Cooperative Oncology Group. 
Hyper-CVAD=hyperfractionated cyclophosphamide, vincristine, doxorubicin, and 
dexamethasone. R-Hyper-CVAD=rituxumab, hyperfractionated cyclophosphamide, 
vincristine, doxorubicin, and dexamethasone. R-CHOP=rituximab, 
cyclophosphamide, doxorubicin, vincristine, and prednisone. R-EPOCH=rituximab, 
etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin. 

Table 1: Patient baseline demographic and disease characteristics

Grade 1–2 Grade 3 Grade 4

Haematological adverse events

Thrombocytopenia 24 (48%) 2 (4%) 0

Anaemia 24 (48%) 0 0

Neutropenia 10 (20%) 1 (2%) 1 (2%)

Leukopenia 5 (10%) 0 0

Leucocytosis 2 (4%) 1 (2%) 0

Non-haematological adverse events

Fatigue 47 (94%) 2 (4%) 0

Diarrhoea 39 (78%) 1 (2%) 1 (2%)

Myalgia 34 (68%) 1 (2%) 0

Nausea 27 (54%) 0 0

Oral mucositis 27 (54%) 0 0

Dyspnoea 26 (52%) 0 0

Dizziness 25 (50%) 0 0

Peripheral sensory 
neuropathy

25 (50%) 0 0

Blurred vision 21 (42%) 0 0

Dry eye 21 (42%) 0 0

Oedema (limb) 21 (42%) 0 0

Cough 20 (40%) 0 0

Fever 16 (32%) 0 0

Vomiting 16 (32%) 0 0

Memory impairment 15 (30%) 0 0

Watering eyes 14 (28%) 0 0

Hypertension 13 (26%) 1 (2%) 0

Constipation 12 (24%) 0 0

Hypomagnesaemia 12 (24%) 0 0

Nasal congestion 10 (20%) 0 0

Headache 9 (18%) 1 (2%) 0

Hyperglycaemia 9 (18%) 0 0

Upper respiratory tract 
infection

9 (18%) 1 (2%) 0

Pain in extremity 8 (16%) 1 (2%) 0

Back pain 8 (16%) 0 0

Bronchitis 7 (14%) 0 0

Creatinine increased 6 (12%) 0 0

Leg cramps 6 (12%) 0 0

Pruritus 6 (12%) 0 0

Sinusitis 6 (12%) 0 0

Sore throat 6 (12%) 0 0

Hyperkalaemia 5 (10%) 1 (2%) 0

Dyspepsia 5 (10%) 0 0

Insomnia 5 (10%) 0 0

Alanine aminotransferase 
increased

4 (8%) 1 (2%) 0

Aspartate aminotransferase 
increased

4 (8%) 1 (2%) 0

(Table 2 continues on next page)
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earlier), and overall survival (time from date of treatment 
start to date of death or last follow-up).

Statistical analysis
A sample size of 50 was determined based on Bayesian 
analysis, ensuring that if the trial was not terminated 
early, a posterior 90% CI for the proportion of patients 
achieving an objective response at 8 weeks will have an 
interval width of 0·23 at most, under the assumption 
that 50% of patients will achieve an objective response. 
Descriptive statistics were used to summarise patient 
demographics and baseline characteristics. The Wilcoxon 
rank-sum test was used to assess the diff erences in 
continuous variables between patient groups. The activity 
of the combination was determined in the intention-to-
treat population, which included all patients irrespective 
of adherence to the prescribed protocol. The safety 
analysis was done using the as-treated population to 
include any patient who received the treatment 
irrespective of eligibility or the duration or dose of the 
treatment received. Fisher’s exact test was used to assess 
the association of response with patient characteristics 
such as the Ki-67 percentage. The Kaplan-Meier method 
was used to estimate progression-free survival, duration 
of response, and overall survival. The log-rank test was 
used to assess the diff erence in time-to-event endpoints 
between patient groups. All data was reviewed by an 
independent statistician (LF) at The University of Texas 
MD Anderson Cancer Center. The statistical analysis 
software (SAS) version 9.1.3 (SAS, Cary, NC, USA) and 
S-Plus 8.0 (TIBCO Software Inc, Palo Alto, CA, USA) 
were used. This study is registered with ClinicalTrials.
gov, number NCT01880567.

Role of the funding source
This study was funded by Pharmacyclics LLC, an AbbVie 
Company. Pharmacyclics was not involved in the 
collection, analysis, or interpretation of the data, or writing 
of the report. The clinical investigators were responsible 
for the design of the study protocol and analysis plan, with 
Pharmacyclics’ review and approval. All authors had 
access to the raw data. MLW wrote the first draft, which 
was carefully reviewed by Pharmacyclics and all coauthors, 
who approved the final submitted version. The 
corresponding author had full access to all of the data and 
the fi nal responsibility to submit for publication.

Results
Between July 15, 2013, and June 30, 2014, 50 patients with 
relapsed or refractory mantle cell lymphoma were 
enrolled and treated with ibrutinib and rituximab. All 
patients had advanced (stage IV) disease, and the median 
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Figure 1: Activity of ibrutinib combined with rituximab
(A) Duration of response among patients who achieved an overall response 

(n=44). (B) Progression-free survival of all patients enrolled in the study. 
(C) Overall survival of all patients enrolled in the study. Dotted lines show 95% CIs.
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number of previous therapies was three (range 1–9;  
table 1). All patients had received previous rituximab-
containing regimens, 39 (78%) had received previous 
hyper-CVAD, 38 (76%) had received previous bortezomib, 
and ten (20%) had received previous lenalidomide 
therapy (table 1).

At a median follow-up of 16·5 months (IQR 12·09–19·28), 
treatment was discontinued in 27 (54%) patients due to 
mantle cell lymphoma progression (n=9, 18%), stem cell 
transplantation (n=6, 12%), second malignancies (acute 
myeloid leukaemia [n=1, 2%] and lung cancer [n=2, 4%]), 
atrial fi brillation (n=3, 6%), bleeding (n=1, 2%), liver 
infection (n=1, 2%), social issues (n=1, 2%), unrelated 
death due to grade 5 cardiac arrest (n=1, 2%), withdrawal 
of consent (n=1, 2%), and death possibly related to 
treatment (n=1, 2%).

The most common grade 1–2 non-haematological 
adverse events (>30% patients) were fatigue in 47 (94%) 
patients, diarrhoea in 39 (78%), myalgia in 34 (68%), 
nausea and oral mucositis in 27 (54% each), dyspnoea in 
26 (52%), dizziness and peripheral sensory neuropathy in 
25 each (50% each), blurred vision, dry eye, and limb 
oedema in 21 each (42% each), cough in 20 (40%), and 
fever and vomiting in 16 patients each (32% each; table 2). 
At baseline, diarrhoea was reported in 14 (28%), atrial 
fi brillation in three (6%), and peripheral sensory 
neuropathy in 15 (30%) patients.

Grade 3 bleeding events included nosebleed in 
two patients (4%) and nipple bleeding in one patient 
(2%; led to treatment discontinuation). Grade 3 atrial 
fi brillation was reported in six patients (12%; table 2). 
Grade 3 haematological adverse events included 
leucocytosis in one patient (2%), thrombocytopenia in 
two (4%), and neutropenia in one (2%). Only two 
patients had grade 4 adverse events; one (2%) patient 
had grade 4 diarrhoea and another patient (2%) grade 4 
neutropenia. Two patients died on-study. One patient 
died from cardiac arrest; the patient had progressive 
disease and was admitted for hyperbilirubinaemia, 
vomiting, and abdominal pain before death. One death 
possibly related to treatment occurred to a man aged 
71 years as a result of septic shock. The patient, who was 
in complete response, developed acute onset vomiting, 
severe diarrhoea, and fever (39°C) during cycle 10 of 
treatment. His head CT scan was negative. Despite 
administration of aggressive intravenous hydration and 
broad spectrum antibiotics, he died 2 days after 
admission. Although a specifi c cause of death was not 
identifi ed, a possible relation between the death and the 
study drugs could not be excluded. Adverse events 

Figure 2: Activity of ibrutinib combined with rituximab based on Ki-67 
expression levels
(A) Duration of response among patients who achieved an overall response and 
had measurable Ki-67 expression levels. (B) Progression-free survival of 
49 patients with measurable Ki-67 expression levels. (C) Overall survival of 
49 patients with measurable Ki-67 expression levels.
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•  106	
  pa<ents	
  
•  median	
  age:	
  68	
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  number	
  of	
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  3	
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  on	
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  4	
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  OS	
  following	
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