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MCL: Clinical Presentation 

•  Aggressive!course!
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A B S T R A C T

Purpose
Treatment of mantle-cell lymphoma (MCL) is nonstandardized, though patients are commonly
treated immediately at diagnosis. Because data on observation, or “watch and wait,” have not
been previously reported, we analyzed the outcome of deferred initial therapy.

Patients and Methods
Inclusion criteria in this retrospective analysis were a diagnosis of MCL between 1997 and 2007
and known date of first treatment. Hospital and research charts were reviewed for prognostic and
treatment-related information. Date of death was derived from hospital records and confirmed
using an online Social Security death index.

Results
Of 97 patients with MCL evaluated at Weill Cornell Medical Center, 31 patients (32%) were
observed for more than 3 months before initial systemic therapy, with median time to treatment
for the observation group of 12 months (range, 4 to 128 months). The observation group (median
follow-up, 55 months) had a median age of 58 years (range, 40 to 81 years). Prognostic factors in
assessable patients included advanced stage (III/IV) in 75%, elevated lactate dehydrogenase in
25%, and intermediate- or high-risk Mantle Cell International Prognostic Index in 54%. Better
performance status and lower-risk standard International Prognostic Index scores were more
commonly present in those undergoing observation. Although time to treatment did not predict
overall survival in a multivariate analysis, the survival profile of the observation group was
statistically superior to that of the early treatment group (not reached v 64 months, P ! .004).

Conclusion
In selected asymptomatic patients with MCL, deferred initial treatment (“watch and wait”) is an
acceptable management approach.

J Clin Oncol 27:1209-1213. © 2009 by American Society of Clinical Oncology

INTRODUCTION

The characterization of and approach to mantle-cell
lymphoma (MCL) is evolving.1-5 Initial classifica-
tions described MCL as low grade; therefore, it was
often managed as indolent lymphoma, usually with
regimens such as cyclophosphamide, vincristine,
doxorubicin, and prednisone (CHOP).6,7 It is now
clear that MCL commonly follows a more aggres-
sive course, with reported median survival of 3 to
4 years.8-10 Recently, many patients have been
treated aggressively at diagnosis, on the basis of
studies (mostly nonrandomized) suggesting that in-
tensive induction regimens and/or autologous he-
matopoietic stem-cell transplantation may be
superior to standard therapies.11-14 Evolving classi-
fication systems and different single-arm studies of
newer approaches have also made treatment selec-

tion challenging. Although a comparative trial has
demonstrated progression-free survival benefits
with autologous stem-cell transplantation after first-
line chemotherapy, to date, there have been no ran-
domized trials demonstrating an overall survival
(OS) advantage of one management approach
over another.15

Several efforts have been made to predict out-
come in MCL. Blastoid histology has been clearly
associated with unfavorable prognosis, as have ex-
pression of p53 and Ki-67.12,16-18 Additionally, clin-
ical prognostic tools have been developed, including
the International Prognostic Index (IPI), Follicular
Lymphoma International Prognostic Index, and the
new Mantle Cell International Prognostic Index
(MIPI).19-21 Recently, molecular profiling has sug-
gested that a subgroup of patients with MCL char-
acterized by gene array may be associated with a
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Time to Treatment Does Not
Influence Overall Survival in Newly
Diagnosed Mantle-Cell Lymphoma

TO THE EDITOR: We read with interest the recent article by
Martin et al1 describing their retrospective cohort study comparing
early treatment with observation in patients with newly diagnosed
mantle-cell lymphoma (MCL). In their study, 66 patients received
systemic therapy within 3 months of diagnosis, whereas treatment was
deferred beyond this time point for the remaining 31 patients until
clinically indicated. Although time to treatment (TTT) did not predict
overall survival (OS) in multivariate analysis, the median OS of the
observation group was statistically longer than that of the early treat-
ment group (not reached v 64 months; P ! .004). This confirms that
in selected patients who are clinically well despite their diagnosis of
MCL, a “watch and wait” policy is an acceptable management strategy.
Similar to the approach followed by Martin et al, it has been standard
practice in our institution for many years to observe asymptomatic
patients with MCL until treatment is considered necessary. The deci-
sion to initiate therapy is made on the basis of the same principles
described in the report by Martin et al.

Using a clinical database held within our hematology depart-
ment, 52 patients consecutively diagnosed with MCL between 1994
and 2008 were identified. Diagnosis was made by histologic examina-
tion of representative tissue, together with characteristic immunophe-
notyping and presence of cyclin D1 and/or t(11:14). After diagnosis,
the decision on whether treatment was required immediately or could
be deferred was made at the discretion of the patient’s consultant
hematologist. For the purpose of this analysis, patients were divided
into early treatment and observation groups on the basis of time from
diagnosis to first therapy (chemotherapy, radiotherapy, or splenec-
tomy) of less than 3 months and 3 months or more, respectively. OS
was defined as time from MCL diagnosis to death as a result of any
cause or date of last follow-up and was estimated with the Kaplan-
Meier method.

Of the 52 patients identified, three were excluded from analysis
because of missing data. Using the TTT cutoff of 3 months or more, 16
patients (33%) were included in the observation group and 33 patients
(67%) in the early treatment group. Patient characteristics are sum-
marized in Table 1. Although formal statistical analysis was not per-
formed, there was a trend in the observation group toward lower
median age (59 v 68 years) and European Cooperative Oncology
Group performance score of 0 to 1 (94% v 72%) as well as a higher
percentage of patients with lymphocytosis (50% v 24%). Median TTT
in the observation group was 11.1 months (range, 3.7 to 131.1
months), with 12 patients (75%) observed for at least 6 months, eight
patients (50%) for at least 12 months, and one patient (6%) for more
than 5 years.

With a median follow-up of survivors of 44.7 months, median
OS in the observation group was 34.7 months (range, 7.7 to 156.8
months). With a median follow-up of survivors of 34.6 months, me-

dian OS in the early treatment group was 39.2 months (range, 1.2 to
115.6 months). Kaplan-Meier curves are shown in Figure 1 and dem-
onstrate no significant survival difference between the two groups.

When treatment was initiated, a variety of chemotherapy regi-
mens with or without rituximab were administered. These included
fludarabine and cyclophosphamide; cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone; mitoxantrone, chlorambucil, and
prednisolone; and single-agent chlorambucil. First-line therapy also
took the form of radiotherapy in two patients (one in each group) and
splenectomy in two patients (both in the observation group). Six
patients (38%) in the observation group never received any form
of treatment.

0

Ov
er

al
l S

ur
vi

va
l (

%
)

Time (months)
20 40 60 80 100 120 140 160 180

10
20
30
40
50
60
70
80
90

100
Early treatment
Observation

Fig 1. Overall survival of observation versus early treatment groups.

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Treatment Group

Early Treatment
(n ! 33)

Observation
(n ! 16)

No. % No. %

Age, years
Median 68 59
Range 39-87 43-90

Sex
Male 27 82 9 56
Female 6 18 7 44

Ann Arbor stage
I-II 4 of 30 13 0 of 14 0
III-IV 26 of 30 87 14 of 14 100

ECOG performance score
0 14 of 29 48 14 of 16 88
1 7 of 29 24 1 of 16 6
! 2 8 of 29 28 1 of 16 6

Bone marrow involvement 21 of 30 70 10 of 13 77
Elevated LDH (" 450 iu/L) 12 of 25 48 4 of 9 44
Lymphocytosis (" 4.0 # 109/L) 8 24 8 50

Abbreviations: ECOG, European Cooperative Oncology Group; LDH,
lactate dehydrogenase.
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Pa2ents	and	Methods	

ü  Retrospec2ve	analysis		

ü  Inclusion	 criteria	 were:	 a	 diagnosis	
of	 MCL	 between	 1997	 and	 2007	
and	known	date	of	first	treatment		

ü  Pa2ents	 were	 divided	 into	 early	
treatment	and	observa6on	groups,	
on	the	basis	of	2me	from	diagnosis	
to	first	systemic	therapy	(TTT).		
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GROUP	

181	pts	with	MCL	
in	database	

133	pts	with	
avaiable	clinical	
infoma2on	

97	pts	met	
elegibility	criteria	

CUTOFF	OF	TTT	OF	3	MONTHS	

OBSERVATION	
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Results	(1)	
ü  Adverse	 PS	 was	 correlated	 with	 early	

treatment	on	univariate	 logis2c	regression	(P	 .
008);	

	
ü  All	 early-stage	 pa2ents	 were	 in	 the	 obser-	

va2on	group,	perhaps	rela2ng	to	less	complete	
staging	in	absence	of	symptoms;	

	
ü  As	a	 single	variable,	 the	MIPI	 failed	 to	predict	

treatment	group	(odds	ra2o	0.73,	P	.40)	
	
ü  Neither	Ki-67	or	p53	status	by	

immunohistochemistry	associated	significantly	
with	treatment;	

	
ü  All	seven	pa2ents	with	blastoid	MCL	were	in	

the	early	treatment	group.		
	

more favorable outcome.22 However, to date, these intriguing tools
have not been translated into clinical practice and specifically have not
yet been validated for use in selection of specific therapies.

Given the unfavorable prognosis of MCL as a whole, patients
with MCL are commonly treated immediately at diagnosis. One
argument made by some for this practice is that deferral of therapy
provides time for development of mutations that may confer chem-
otherapy resistance, particularly in a disease characterized by genomic
instability such as MCL. However, there are no clear data supporting
this hypothesis, and it is equally plausible that exposure to chemother-
apy is more likely to select for emergence of chemoresistant clones. In
the absence of comparative studies associating any specific approach
with OS benefit, we have managed patients with MCL traditionally,
observing selected patients until development of symptoms or other
treatment indications. Ultimately, we have initiated therapy usually
with CHOP-based regimens, often on studies using novel agents.23

We noted that a significant number of patients could go months to
years before requiring treatment. As results of such a strategy have not
been previously reported in the MCL literature, we performed a ret-
rospective cohort study to evaluate the results of deferred initial ther-
apy, or “watch and wait.”

PATIENTS AND METHODS

On institutional review board approval, we referenced surgical pathology
records to identify patients with MCL at Weill Cornell Medical Center
diagnosed between 1997 and 2007 on the basis of standard criteria.24 Cases
were further evaluated for expression of BCL-1 protein by immunohisto-
chemistry, t(11;14) by fluorescent in situ hybridization, or cytogenetics
and/or molecular genetics for BCL1/PRADI gene rearrangement for con-
firmation of diagnosis. A minority (n ! 9) of included cases were without
immunohistochemical and/or genetic confirmation of BCL1 expression,
but which exhibited an MCL immunophenotypic profile, including B-cell
antigen positivity, CD5 positivity, and CD23 negativity, with characteristic
morphology. All cases were reviewed for the purposes of this study. No
differences in clinical outcome analyses were noted in this small subgroup.
Patients were included if date of diagnosis and start date of initial systemic
therapy were identified. Patients were divided into early treatment and
observation groups, on the basis of time from diagnosis to first systemic
therapy (TTT). Consistent with our practice of evaluating patients under
observation on a 3-monthly basis and accepted literature definitions for
“watch and wait” in other lymphoma subtypes,25 TTT of 3 months defined
the two groups. The decision to initiate therapy was based on the judgment
of the treating physician and discussion with the patient. There were no
specific predefined criteria for initiation of therapy, though symptoms,
disease-related laboratory problems (eg, cytopenias), impending organ
compromise, heavy tumor burden, and significant pace of disease progres-
sion were reasons for starting treatment. Hospital and research charts were
reviewed for prognostic and treatment-related information. Date of death
was derived from hospital records and confirmed using an online Social
Security death index.26

OS was defined as time from MCL diagnosis to death from any
cause and was estimated by Kaplan-Meier method. OS between groups
was compared using the log-rank test. Cox proportional hazards regres-
sion analysis was used to compare the early treatment and observation
groups after adjustment for demographic and prognostic variables. All
P values are two-sided, with statistical significance evaluated at .05 !
level. All analyses were performed in STATA version 9.0 (STATA Corp,
College Station, TX).

RESULTS

We identified 181 patients with MCL in our pathology database,
including 48 pathology consultations from outside institutions with-
out available clinical information. Of the remaining 133 patients, 97
patients met predefined eligibility criteria. Patients were excluded
because of missing date of diagnosis (n ! 22) or missing date of
initiation of therapy (n ! 14). On the basis of the cutoff of TTT more
than 3 months, cohorts included observation (n ! 31; median follow-
up, 55 months) and early treatment (n ! 66; median follow-up, 41.5
months) groups, with characteristics summarized in Table 1. Within
the former, 22 patients (71%) were observed for at least 6 months, 14
patients (45%) for at least 1 year, and three patients (10%) for at least
5 years (Fig 1). Median TTT of the observation group was 12 months
(range, 4 to 128 months).

We evaluated available prognostic factors, including age, perfor-
mance status, extranodal status, WBC count, and lactate dehydroge-
nase for association with TTT. Adverse performance status was
correlated with early treatment on univariate logistic regression
(P ! .008), although this significance disappeared on multivariate
logistic regression analysis. All early-stage patients were in the obser-
vation group, perhaps relating to less complete staging in absence of
symptoms. As a single variable, the MIPI19 failed to predict treatment
group (odds ratio ! 0.73, P ! .40). Similarly, neither Ki-67 nor p53

Table 1. Patient Characteristics by Treatment Group

Characteristic

Early
Treatment! Observation!

No. % No. %

Total patients 66 31
Age, years

Median 65 58
Range 44-89 40-81

Sex
Male 58 88 21 68
Female 8 12 10 32

Stage
I-II 0/50 0 5/20 25
III-IV 50/50 100 15/20 75

Elevated LDH 20/39 51 3/12 25
Elevated WBC count 9/41 22 3/17 18
WHO performance status

0 15 39 12 86
" 0 23 61 2 14

Extranodal involvement 38/40 95 12/14 86
Bone marrow involvement 33/44 75 13/17 76
Mantle Cell International Prognostic Index

Low 12/37 32 6/13 46
Intermediate 10/37 27 3/13 23
High 15/37 41 4/13 31

International Prognostic Index
Low 1 3 4 36
Low-intermediate 12 34 3 27
High-intermediate 12 34 2 18
High 10 29 2 18

Ki67 " 30% 11/34 32 5/15 33
p53 " 20% 4/31 13 1/13 8

Abbreviation: LDH, lactate dehydrogenase.
!No. of patients varies according to available data.

Martin et al
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Results	(2)	

status by immunohistochemistry associated significantly with treat-
ment. Interestingly, the IPI did correlate with treatment group (odds
ratio ! 0.42, P ! .02). Although low-risk MIPI generally corre-
sponded to low-intermediate–risk IPI, there were patients with low-
intermediate/high-intermediate–risk IPI among those patients with
high-risk MIPI. The difference seemed to be related to the use of
lactate dehydrogenase and WBC as a continuous variable in the MIPI.
All seven patients with blastoid MCL were in the early treat-
ment group.

With median follow-up time of 41.5 months, projected median
OS of the early treatment group was 64 months (95% CI, 45 to 85
months; Fig 2). In the observation group, with 55 months median
follow-up, median overall survival was not reached, and the survival
profile is superior to that of the early treatment group (P ! .004 by
log-rank test). However, the effect of TTT on OS disappeared in a
multivariate Cox proportional hazards regression model that in-
cluded other prognostic indicators. The results were not altered when
the nine patients lacking available tissue for confirmation of BCL-1
were censored from analysis.

When treatment was initiated, in both groups it predominantly
consisted of CHOP-like regimens. First therapies for the early treat-
ment group included CHOP-like regimens in 68%, investigational

agents in 12%, hyperCVAD/MTX-araC (cyclophosphamide, vincris-
tine, doxorubicin, and dexamethasone, alternating with high-dose
methotrexate and cytarabine) in 3%, and other regimens in the re-
mainder. In the observation group, first treatment most commonly
comprised CHOP-like regimens in 55% and single-agent ritux-
imab in 13%. Five patients (16%) in the observation group had
never received any treatment. Interestingly, the OS difference between
groups disappeared when measured from date of first therapy rather
than from diagnosis (Fig 3), suggesting that longer time until death
occurred before treatment and is not attributable to greater chemo-
therapy sensitivity.

DISCUSSION

Although patients with MCL are commonly treated immediately at
diagnosis, our data suggest that as many as one third of all patients
with MCL may follow a more indolent course, potentially surviving
longer than the reported average. Among assessable standard clinical
prognostic variables, impaired performance status (in part disease-
related) and higher-risk IPI scores were more common in patients
receiving early treatment, whereas patients in the observation group
tended to have a better performance status and lower-risk IPI. It is
noteworthy that of those who did not require therapy over a 3-month
observation period, nearly half could continue to be observed for at
least a year, some longer than 5 years. In our series, patients who were
observed had an improved OS compared with those who received
early treatment. We attribute these findings to inherently “better”
disease in this group, as they tended to be younger and had better
performance status, rather than to a survival benefit that results from
delaying treatment. This is supported by the observation that TTT was
not a statistically significant predictor of OS in a multivariate Cox
regression analysis. Although it could be argued that patients receiving
early treatment may have done better had they been treated more
aggressively, there is no evidence that the deferral of treatment pro-
vided any detriment in outcome for those patients who were observed.

These results suggest that one reason why survival may seem
longer in recent trials of intensive therapy and other approaches in
MCL is lead-time bias. Before modern diagnostic classifications, sub-
stantial numbers of patients with presumed MCL were observed.
More recently, given the poor prognosis generally attributed to MCL,
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start of first systemic therapy.
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Fig 1. Time from diagnosis to first treatment in 97 patients with
mantle-cell lymphoma.
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Fig 2. Overall survival (OS) of observation versus early treatment groups. The
median OS of the early treatment group was 64 months (95% CI, 45 to 85
months). With median follow-up of 55 months for the observation group, the
median OS is not yet reached and is significantly superior to that of the early
treatment group (P ! .0038).
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ü  22	pa2ents		(71%)	were	observed	for	at	least	6	months	
ü  14	pa2ents		(45%)	for	at	least	1	year	
ü  3	pa2ents				(10%)	for	at	least	5	years	
Median	 TtT	 of	 the	 observa6on	 group	 was	 12	 months	
(range,	4	to	128	months).	



Result	(3)	

OS	from	diagnosis	 OS	from	treatment	

status by immunohistochemistry associated significantly with treat-
ment. Interestingly, the IPI did correlate with treatment group (odds
ratio ! 0.42, P ! .02). Although low-risk MIPI generally corre-
sponded to low-intermediate–risk IPI, there were patients with low-
intermediate/high-intermediate–risk IPI among those patients with
high-risk MIPI. The difference seemed to be related to the use of
lactate dehydrogenase and WBC as a continuous variable in the MIPI.
All seven patients with blastoid MCL were in the early treat-
ment group.

With median follow-up time of 41.5 months, projected median
OS of the early treatment group was 64 months (95% CI, 45 to 85
months; Fig 2). In the observation group, with 55 months median
follow-up, median overall survival was not reached, and the survival
profile is superior to that of the early treatment group (P ! .004 by
log-rank test). However, the effect of TTT on OS disappeared in a
multivariate Cox proportional hazards regression model that in-
cluded other prognostic indicators. The results were not altered when
the nine patients lacking available tissue for confirmation of BCL-1
were censored from analysis.

When treatment was initiated, in both groups it predominantly
consisted of CHOP-like regimens. First therapies for the early treat-
ment group included CHOP-like regimens in 68%, investigational

agents in 12%, hyperCVAD/MTX-araC (cyclophosphamide, vincris-
tine, doxorubicin, and dexamethasone, alternating with high-dose
methotrexate and cytarabine) in 3%, and other regimens in the re-
mainder. In the observation group, first treatment most commonly
comprised CHOP-like regimens in 55% and single-agent ritux-
imab in 13%. Five patients (16%) in the observation group had
never received any treatment. Interestingly, the OS difference between
groups disappeared when measured from date of first therapy rather
than from diagnosis (Fig 3), suggesting that longer time until death
occurred before treatment and is not attributable to greater chemo-
therapy sensitivity.

DISCUSSION

Although patients with MCL are commonly treated immediately at
diagnosis, our data suggest that as many as one third of all patients
with MCL may follow a more indolent course, potentially surviving
longer than the reported average. Among assessable standard clinical
prognostic variables, impaired performance status (in part disease-
related) and higher-risk IPI scores were more common in patients
receiving early treatment, whereas patients in the observation group
tended to have a better performance status and lower-risk IPI. It is
noteworthy that of those who did not require therapy over a 3-month
observation period, nearly half could continue to be observed for at
least a year, some longer than 5 years. In our series, patients who were
observed had an improved OS compared with those who received
early treatment. We attribute these findings to inherently “better”
disease in this group, as they tended to be younger and had better
performance status, rather than to a survival benefit that results from
delaying treatment. This is supported by the observation that TTT was
not a statistically significant predictor of OS in a multivariate Cox
regression analysis. Although it could be argued that patients receiving
early treatment may have done better had they been treated more
aggressively, there is no evidence that the deferral of treatment pro-
vided any detriment in outcome for those patients who were observed.

These results suggest that one reason why survival may seem
longer in recent trials of intensive therapy and other approaches in
MCL is lead-time bias. Before modern diagnostic classifications, sub-
stantial numbers of patients with presumed MCL were observed.
More recently, given the poor prognosis generally attributed to MCL,
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status by immunohistochemistry associated significantly with treat-
ment. Interestingly, the IPI did correlate with treatment group (odds
ratio ! 0.42, P ! .02). Although low-risk MIPI generally corre-
sponded to low-intermediate–risk IPI, there were patients with low-
intermediate/high-intermediate–risk IPI among those patients with
high-risk MIPI. The difference seemed to be related to the use of
lactate dehydrogenase and WBC as a continuous variable in the MIPI.
All seven patients with blastoid MCL were in the early treat-
ment group.

With median follow-up time of 41.5 months, projected median
OS of the early treatment group was 64 months (95% CI, 45 to 85
months; Fig 2). In the observation group, with 55 months median
follow-up, median overall survival was not reached, and the survival
profile is superior to that of the early treatment group (P ! .004 by
log-rank test). However, the effect of TTT on OS disappeared in a
multivariate Cox proportional hazards regression model that in-
cluded other prognostic indicators. The results were not altered when
the nine patients lacking available tissue for confirmation of BCL-1
were censored from analysis.

When treatment was initiated, in both groups it predominantly
consisted of CHOP-like regimens. First therapies for the early treat-
ment group included CHOP-like regimens in 68%, investigational

agents in 12%, hyperCVAD/MTX-araC (cyclophosphamide, vincris-
tine, doxorubicin, and dexamethasone, alternating with high-dose
methotrexate and cytarabine) in 3%, and other regimens in the re-
mainder. In the observation group, first treatment most commonly
comprised CHOP-like regimens in 55% and single-agent ritux-
imab in 13%. Five patients (16%) in the observation group had
never received any treatment. Interestingly, the OS difference between
groups disappeared when measured from date of first therapy rather
than from diagnosis (Fig 3), suggesting that longer time until death
occurred before treatment and is not attributable to greater chemo-
therapy sensitivity.

DISCUSSION

Although patients with MCL are commonly treated immediately at
diagnosis, our data suggest that as many as one third of all patients
with MCL may follow a more indolent course, potentially surviving
longer than the reported average. Among assessable standard clinical
prognostic variables, impaired performance status (in part disease-
related) and higher-risk IPI scores were more common in patients
receiving early treatment, whereas patients in the observation group
tended to have a better performance status and lower-risk IPI. It is
noteworthy that of those who did not require therapy over a 3-month
observation period, nearly half could continue to be observed for at
least a year, some longer than 5 years. In our series, patients who were
observed had an improved OS compared with those who received
early treatment. We attribute these findings to inherently “better”
disease in this group, as they tended to be younger and had better
performance status, rather than to a survival benefit that results from
delaying treatment. This is supported by the observation that TTT was
not a statistically significant predictor of OS in a multivariate Cox
regression analysis. Although it could be argued that patients receiving
early treatment may have done better had they been treated more
aggressively, there is no evidence that the deferral of treatment pro-
vided any detriment in outcome for those patients who were observed.

These results suggest that one reason why survival may seem
longer in recent trials of intensive therapy and other approaches in
MCL is lead-time bias. Before modern diagnostic classifications, sub-
stantial numbers of patients with presumed MCL were observed.
More recently, given the poor prognosis generally attributed to MCL,
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ü With	a	median	follow-up	of	41.5	months,	the	median	OS	
was	64	months	in	the	early	treatment	group	

ü With	a	median	follow-up	of	55	months	the	median	OS	of	
observa6on	group	was	not	reached	AND	IS	SIGNIFICANT	
SUPERIOR	TO	THAT	OF	EARLY	TREATMENT	(p=.0038)	

64	months	

ü  OS	difference	between	groups	disappeared	when	measured	
from	 date	 of	 first	 therapy	 rather	 than	 from	 diagnosis,	
sugges2ng	 that	 longer	 2me	 un2l	 death	 occurred	 before	
treatment	and	is	not	a#ributable	to	greater	chemo-	therapy	
sensi2vity.		



Time	to	Treatment	Does	Not	Influence	Overall	Survival	in	
Newly	Diagnosed	Mantle-Cell	Lymphoma		

Time to Treatment Does Not
Influence Overall Survival in Newly
Diagnosed Mantle-Cell Lymphoma

TO THE EDITOR: We read with interest the recent article by
Martin et al1 describing their retrospective cohort study comparing
early treatment with observation in patients with newly diagnosed
mantle-cell lymphoma (MCL). In their study, 66 patients received
systemic therapy within 3 months of diagnosis, whereas treatment was
deferred beyond this time point for the remaining 31 patients until
clinically indicated. Although time to treatment (TTT) did not predict
overall survival (OS) in multivariate analysis, the median OS of the
observation group was statistically longer than that of the early treat-
ment group (not reached v 64 months; P ! .004). This confirms that
in selected patients who are clinically well despite their diagnosis of
MCL, a “watch and wait” policy is an acceptable management strategy.
Similar to the approach followed by Martin et al, it has been standard
practice in our institution for many years to observe asymptomatic
patients with MCL until treatment is considered necessary. The deci-
sion to initiate therapy is made on the basis of the same principles
described in the report by Martin et al.

Using a clinical database held within our hematology depart-
ment, 52 patients consecutively diagnosed with MCL between 1994
and 2008 were identified. Diagnosis was made by histologic examina-
tion of representative tissue, together with characteristic immunophe-
notyping and presence of cyclin D1 and/or t(11:14). After diagnosis,
the decision on whether treatment was required immediately or could
be deferred was made at the discretion of the patient’s consultant
hematologist. For the purpose of this analysis, patients were divided
into early treatment and observation groups on the basis of time from
diagnosis to first therapy (chemotherapy, radiotherapy, or splenec-
tomy) of less than 3 months and 3 months or more, respectively. OS
was defined as time from MCL diagnosis to death as a result of any
cause or date of last follow-up and was estimated with the Kaplan-
Meier method.

Of the 52 patients identified, three were excluded from analysis
because of missing data. Using the TTT cutoff of 3 months or more, 16
patients (33%) were included in the observation group and 33 patients
(67%) in the early treatment group. Patient characteristics are sum-
marized in Table 1. Although formal statistical analysis was not per-
formed, there was a trend in the observation group toward lower
median age (59 v 68 years) and European Cooperative Oncology
Group performance score of 0 to 1 (94% v 72%) as well as a higher
percentage of patients with lymphocytosis (50% v 24%). Median TTT
in the observation group was 11.1 months (range, 3.7 to 131.1
months), with 12 patients (75%) observed for at least 6 months, eight
patients (50%) for at least 12 months, and one patient (6%) for more
than 5 years.

With a median follow-up of survivors of 44.7 months, median
OS in the observation group was 34.7 months (range, 7.7 to 156.8
months). With a median follow-up of survivors of 34.6 months, me-

dian OS in the early treatment group was 39.2 months (range, 1.2 to
115.6 months). Kaplan-Meier curves are shown in Figure 1 and dem-
onstrate no significant survival difference between the two groups.

When treatment was initiated, a variety of chemotherapy regi-
mens with or without rituximab were administered. These included
fludarabine and cyclophosphamide; cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone; mitoxantrone, chlorambucil, and
prednisolone; and single-agent chlorambucil. First-line therapy also
took the form of radiotherapy in two patients (one in each group) and
splenectomy in two patients (both in the observation group). Six
patients (38%) in the observation group never received any form
of treatment.
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Fig 1. Overall survival of observation versus early treatment groups.

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Treatment Group

Early Treatment
(n ! 33)

Observation
(n ! 16)

No. % No. %

Age, years
Median 68 59
Range 39-87 43-90

Sex
Male 27 82 9 56
Female 6 18 7 44

Ann Arbor stage
I-II 4 of 30 13 0 of 14 0
III-IV 26 of 30 87 14 of 14 100

ECOG performance score
0 14 of 29 48 14 of 16 88
1 7 of 29 24 1 of 16 6
! 2 8 of 29 28 1 of 16 6

Bone marrow involvement 21 of 30 70 10 of 13 77
Elevated LDH (" 450 iu/L) 12 of 25 48 4 of 9 44
Lymphocytosis (" 4.0 # 109/L) 8 24 8 50

Abbreviations: ECOG, European Cooperative Oncology Group; LDH,
lactate dehydrogenase.
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ü 12	 pa2ents	 (75%)	 were	 observed	 for	 at	
least	6	months	

ü 	8	pa2ents	(50%)	for	at	least	1	year	
ü 1	pa2ents	(6%)	for	at	least	5	years	
Median	 TTT	 of	 the	 observa6on	 group	was	
11.1	months	(range,	3.7	to	131.1months).	

Trend	in	the	Observa6on	group:	
ü  Lower	age	59	vs	68	years	old	
ü  ECOG	score	0-1	(94%	vs	72%)	
ü  Higher	 %	 with	 lymphocytosis	 50%	 vs	

24%		
	

ü  52	 pa2ents	 consecu2vely	 diagnosed	
with	MCL	between	1994-2008	

ü  49	pa2ents	avaiable	for	analysis	
ü  Cut	of	of	TTT	3	months		

	



Results	

Time to Treatment Does Not
Influence Overall Survival in Newly
Diagnosed Mantle-Cell Lymphoma

TO THE EDITOR: We read with interest the recent article by
Martin et al1 describing their retrospective cohort study comparing
early treatment with observation in patients with newly diagnosed
mantle-cell lymphoma (MCL). In their study, 66 patients received
systemic therapy within 3 months of diagnosis, whereas treatment was
deferred beyond this time point for the remaining 31 patients until
clinically indicated. Although time to treatment (TTT) did not predict
overall survival (OS) in multivariate analysis, the median OS of the
observation group was statistically longer than that of the early treat-
ment group (not reached v 64 months; P ! .004). This confirms that
in selected patients who are clinically well despite their diagnosis of
MCL, a “watch and wait” policy is an acceptable management strategy.
Similar to the approach followed by Martin et al, it has been standard
practice in our institution for many years to observe asymptomatic
patients with MCL until treatment is considered necessary. The deci-
sion to initiate therapy is made on the basis of the same principles
described in the report by Martin et al.

Using a clinical database held within our hematology depart-
ment, 52 patients consecutively diagnosed with MCL between 1994
and 2008 were identified. Diagnosis was made by histologic examina-
tion of representative tissue, together with characteristic immunophe-
notyping and presence of cyclin D1 and/or t(11:14). After diagnosis,
the decision on whether treatment was required immediately or could
be deferred was made at the discretion of the patient’s consultant
hematologist. For the purpose of this analysis, patients were divided
into early treatment and observation groups on the basis of time from
diagnosis to first therapy (chemotherapy, radiotherapy, or splenec-
tomy) of less than 3 months and 3 months or more, respectively. OS
was defined as time from MCL diagnosis to death as a result of any
cause or date of last follow-up and was estimated with the Kaplan-
Meier method.

Of the 52 patients identified, three were excluded from analysis
because of missing data. Using the TTT cutoff of 3 months or more, 16
patients (33%) were included in the observation group and 33 patients
(67%) in the early treatment group. Patient characteristics are sum-
marized in Table 1. Although formal statistical analysis was not per-
formed, there was a trend in the observation group toward lower
median age (59 v 68 years) and European Cooperative Oncology
Group performance score of 0 to 1 (94% v 72%) as well as a higher
percentage of patients with lymphocytosis (50% v 24%). Median TTT
in the observation group was 11.1 months (range, 3.7 to 131.1
months), with 12 patients (75%) observed for at least 6 months, eight
patients (50%) for at least 12 months, and one patient (6%) for more
than 5 years.

With a median follow-up of survivors of 44.7 months, median
OS in the observation group was 34.7 months (range, 7.7 to 156.8
months). With a median follow-up of survivors of 34.6 months, me-

dian OS in the early treatment group was 39.2 months (range, 1.2 to
115.6 months). Kaplan-Meier curves are shown in Figure 1 and dem-
onstrate no significant survival difference between the two groups.

When treatment was initiated, a variety of chemotherapy regi-
mens with or without rituximab were administered. These included
fludarabine and cyclophosphamide; cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone; mitoxantrone, chlorambucil, and
prednisolone; and single-agent chlorambucil. First-line therapy also
took the form of radiotherapy in two patients (one in each group) and
splenectomy in two patients (both in the observation group). Six
patients (38%) in the observation group never received any form
of treatment.
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Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Treatment Group

Early Treatment
(n ! 33)

Observation
(n ! 16)

No. % No. %

Age, years
Median 68 59
Range 39-87 43-90

Sex
Male 27 82 9 56
Female 6 18 7 44

Ann Arbor stage
I-II 4 of 30 13 0 of 14 0
III-IV 26 of 30 87 14 of 14 100

ECOG performance score
0 14 of 29 48 14 of 16 88
1 7 of 29 24 1 of 16 6
! 2 8 of 29 28 1 of 16 6

Bone marrow involvement 21 of 30 70 10 of 13 77
Elevated LDH (" 450 iu/L) 12 of 25 48 4 of 9 44
Lymphocytosis (" 4.0 # 109/L) 8 24 8 50

Abbreviations: ECOG, European Cooperative Oncology Group; LDH,
lactate dehydrogenase.
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Conclusions:	They	EXIST		
ü  Two	 groups	 have	 reported	 on	 separate	 cohorts	 of	 pa2ents	who	 did	 not	

receive	up-front	chemotherapy	at	the	2me	of	diagnosis	but	were	instead	
managed	with	a	‘watch	and	wait’	approach	

	
	

ü  Both	 groups	 found	 that	 this	 approach	 did	 not	 have	 adverse	 effects	 on	
survival	 outcomes,	 sugges2ng	 that	 if	 such	 pa2ents	 can	 be	 reliably	
iden2fied,	 chemotherapy	 for	 this	 group,	 with	 its	 a#endant	 morbidity,	
could	reasonably	be	deferred	

	

ü  Although	diagnos2c	criteria	for	the	iden2fica2on	of	these	pa2ents	are	not	
currently	 available,	 there	 is	 evolving	 recogni2on	 of	 clinico-	 pathological	
differences	iden2fying	this	group	from	the	group	of	pa2ents	with	classical	
MCL.		

	

Furtado	M.	et	al	al.	Haematologica	2011;	96(8)1086-1988	
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Molecular and Cellular Pathobiology

Genomic and Gene Expression Profiling Defines
Indolent Forms of Mantle Cell Lymphoma

Verònica Fernàndez1, Olga Salamero2, Blanca Espinet3, Francesc Solé3, Cristina Royo1, Alba Navarro1,
Francisca Camacho4, Sílvia Beà1, Elena Hartmann5, Virginia Amador1, Luis Hernández1, Claudio Agostinelli6,
Rachel L. Sargent7, Maria Rozman1, Marta Aymerich1, Dolors Colomer1, Neus Villamor1, Steven H. Swerdlow7,
Stefano A. Pileri6, Francesc Bosch2, Miguel A. Piris4, Emili Montserrat2, German Ott8, Andreas Rosenwald5,
Armando López-Guillermo2, Pedro Jares1, Sergi Serrano3, and Elías Campo1

Abstract
Mantle cell lymphoma (MCL) is typically a very aggressive disease with poor outcomes, but some cases

display an indolent behavior that might not necessitate treatment at diagnosis. To define molecular criteria
that might permit recognition of such cases, we compared the clinicopathologic features, gene expression, and
genomic profile of patients who had indolent or conventional disease (iMCL or cMCL). Patients with iMCL
displayed nonnodal leukemic disease with predominantly hypermutated IGVH and noncomplex karyotypes.
iMCL and cMCL shared a common gene expression profile that differed from other leukemic lymphoid neo-
plasms. However, we identified a signature of 13 genes that was highly expressed in cMCL but underexpressed
in iMCL. SOX11 was notable in this signature and we confirmed a restriction of SOX11 protein expression to
cMCL. To validate the potential use of SOX11 as a biomarker for cMCL, we evaluated SOX11 protein expres-
sion in an independent series of 112 cases of MCL. Fifteen patients with SOX11-negative tumors exhibited
more frequent nonnodal presentation and better survival compared with 97 patients with SOX11-positive
MCL (5-year overall survival of 78% versus 36%, respectively; P = 0.001). In conclusion, we defined nonnodal
presentation, predominantly hypermutated IGVH, lack of genomic complexity, and absence of SOX11 expres-
sion as qualities of a specific subtype of iMCL with excellent outcomes that might be managed more conser-
vatively than cMCL. Cancer Res; 70(4); 1408–18. ©2010 AACR.

Introduction

Mantle cell lymphoma (MCL) is an aggressive lymphoid
neoplasm with a rapid clinical evolution, short responses to
therapy, frequent relapses, and amedian survival of 3 to 4 years
(1). The aggressive biological behavior of this lymphoma has

been attributed to the genetic and molecular mechanisms in-
volved in its pathogenesis that combine the constitutive de-
regulation of cell proliferation due to the t(11;14)(q13;q32)
and cyclin D1 overexpression, a high level of chromosomal in-
stability related to the disruption of the DNA damage response
pathway, and activation of cell survival mechanisms (2). Pa-
tients with MCL are usually treated aggressively at diagnosis
with intensive chemotherapy regimens, including hematopoi-
etic stem cell transplantation (3–6).
Intriguingly, recent studies have identified a group of pa-

tients diagnosed with MCL that show an indolent clinical
course and a long survival of more than 7 to 10 years, some
of them not even requiring chemotherapy for long periods
(7–11). This particular clinical evolution raises the question
whether these patients represent the favorable end of the
spectrum in the clinical evolution of the disease or if they
correspond to a particular subtype of MCL with specific bi-
ological characteristics that may benefit from more conser-
vative clinical management. The identification of patients
with an indolent variant of the disease would allow a risk-
adapted therapy. Unfortunately, diagnostic criteria to estab-
lish this distinction are not available.
We hypothesized that the analysis of the genetic and ex-

pression features of the tumors may help to identify patients
with an indolent clinical evolution and provide biomarkers
that could be used in the clinical setting.
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Materials	and	Methods	
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Conven2onal	vs	Indolent	MCL		
Clinical	Characteris2c	

Fernandez	V.	et	al	Clin	Canc	Res	2010;	1408-1418	

U133 Plus 2.0. When more than one probe set was present
for a specific gene, we have used the mean as the gene ex-
pression value for that gene. Gene expression values for each
gene were standardized across samples, and the mean of all
18 genes was reported as a proliferation signature value for
each sample.
The primary array data are available from the Gene Ex-

pression Omnibus (GEO) of the National Center for Bio-
technology Information (NCBI)9 through GEO accession
number GSE16455 (NCBI GEO).
Molecular studies. The mutational analysis of the IGHV

and TP53 (exons 4–8) genes was performed as previously de-

scribed (16, 17). Gene expression analysis of SOX11, HDGFRP3,
and CNN3 genes, selected from the differentially expressed
signature between iMCL and cMCL, was performed by real-
time quantitative reverse-transcription PCR (qRT-PCR) using
predeveloped assays (SOX11, Hs00846583_s1; HDGFRP3,
Hs01016437_m1; CNN3, Hs00156565_m1; Applied Biosystems;
Supplementary Appendix). Total RNA (1 μg) from the 7 iMCLs
and 15 cMCLs cases was treated with Turbo DNase (Ambion,
Inc.). cDNA was then synthesized using the SuperScript III
system (Invitrogen) and following the manufacturer's in-
structions. Expression levels were calculated with the 2−ΔΔCt

method using human β-glucoronidase as endogenous
control and Jurkat cell line as mathematical calibrator (18).
The correlation between microarrays and qRT-PCR measures
as well as the differences of expression between iMCL and9 http://www.ncbi.nlm.nih.gov/geo

Table 1. Clinical and pathologic characteristics of the 12 iMCLs and 15 cMCLs

iMCL (n = 12) cMCL (n = 15) P

Clinical and pathologic data*
Median age (range) 58 (41–75) 67 (30–83) NS
Sex (male/female) 9/3 11/4 NS
B symptoms (%) 0 33 0.03
ECOG ≥2 (%) 0 70 0.01
Nodal presentation (lymph nodes >1 cm), %† 17 93 <0.001
Palpable splenomegaly (%) 50 60 NS
Gastrointestinal involvement (%)* 100 50 NS
Bone marrow involvement (%)* 92 91 NS
WBC count >10 × 109/L (%)* 33 82 NS
Lymphocyte count >5 × 109/L (%)* 44 82 NS
Atypical lymphocytes (%) 92 91 NS
High serum LDH (%)*,† 0 46 0.03
High serum β2-microglobulin (%)* 20 80 NS
Intermediate or high-risk MIPI (%)* 0 46 0.016
Morphology

Small cell (%) 67 13 0.007
Classic 33 74
Blastoid — 13

CD5+ (%)* 64 93 NS
IGHV gene hypermutations (>5%)* 70 20 <0.04
Genomic profile*

0–1 imbalance 100 13 <0.001
≥2 imbalances 0 87

Evolutive data
Splenectomy (%) 42 20
Chemotherapy at any time (%) 17 100
Median follow-up, y (range)‡ 6.4 (2.5–10.4) 3.3 (1.5–5.1) NS
Dead patients (%) 0 47 <0.001
5-y OS (%) 100 49 0.03

Abbreviations: NS, not significant; MIPI, MCL IPI.
*Gastrointestinal involvementwas assessed in 8 cMCLs and4 iMCLs patients;MCL IPI (41)was determined in 13 cMCLs and8 iMCLs;
IGVH mutations and SNP array were studied in 10 and 7 iMCLs, respectively, and all cMCLs; peripheral blood counts, LDH, β2-
microglobulin, bone marrow involvement, and CD5 expression could be assessed in 23, 21, 18, 20, and 25 cases, respectively.
†The two iMCL patients with nodal involvement had an isolated lymph node in the cervical region.
‡Follow-up of surviving patients.
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iMCL:	Molecular	and	Gene2c	
Features	

Figure 3. A, characterization of iMCL according to their genetic and molecular features. The genomic complexity is illustrated in the bar plots at the
top of the panels, reflecting the number of alterations for each case. The plot below indicates the diagnosis of the cases. Violet, iMCL; blue, cMCL.
IGVH gene status of all MCL cases is indicated by color (red, >5%mutations; pink, 3–5%mutations; blue, 0–2%). Cyclin D1 gene expression was performed
with the DNA-Chip Analyzer 2007 tool (dChip). Bright red, high expression; green, low expression. About the proliferation signature score, bright red
represents a high score, whereas green represents a low score. The status of CDKN2a, ATM, and TP53 genes according to the SNP array data is indicated
by color (black, not altered; green, loss; red, gain; blue, pUPD). Cases with mutations in the TP53 gene are displayed in yellow. The gene expression
cluster was performed with the DNA-Chip Analyzer 2007 tool (dChip) using the probe sets considered differentially expressed with a median FDR of <0.1.
B, differential signature between iMCL and cMCL. Probe sets that showed a highly significant differential expression between iMCL and cMCL (90th
percentile FDR of <0.1) are highlighted. *, cMCL was negative for SOX11 nuclear protein expression by immunohistochemistry. C, immunohistochemical
analysis of SOX11 gene in MCL. The cMCL (top, c1, c2, and c3) shows H&E staining (c1), cyclin D1 expression (c2), and a strong nuclear SOX11
immunostaining (c3), whereas the iMCL (bottom, c4, c5, and c6) is also cyclin D1 positive (c5) but the nuclei of the tumor cells are negative for SOX11 (c6).
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OS	in	MCL	valida2on	cohort	
according	to	SOX	11	expression	

Overall Survival in MCL patients according to SOX11 
Expression 
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Conclusions:	iMCL	is	a	specific	subtype	

This	clinical	presenta2on	and	SOX11	nega2vity	iden2fy	pa2ents	with	MCL	that	
do	well	without	aggressive	chemotherapy	and	may	benefit	from	management	

strategies	more	adjusted	to	the	biology	of	the	disease.	

Fernandez	V.	et	al	Clin	Canc	Res	2010;	1408-1418	

Features	of	iMCL	

1.  Predominant	non-nodal	disease	
2.  Asymptoma2c	presenta2on	stable	

disease	
	

Clinical	 Biological	
1.  High	rate	of	IGVH	gene	muta2ons;	
2.  Lack	of	genomic	complexity	
3.  Absence	of	expression	of	several	

genes,	including	SOX11	and	other	
transcrip2on	factor	of	the	high-
mobility	group	family	



SOX	11	Expression	

Fisher’s exact test) (Table 2). All patients had evidence of
IGH@-CCND1 translocation by FISH or conventional
cytogenetics, or both. The three patients who underwent
conventional karyotyping at diagnosis showed a simple

karyotype with isolated t(11;14)(q13;q32). The cytogenet-
ic analysis in patient n.3 was performed 8 years after diag-
nosis and the patient was found to have a complex kary-
otype in addition to t(11;14)(q13;q32) (Table 2).

S.L. Ondrejka et al.

1124 haematologica | 2011; 96(8)

Figure 2. The predominant
bone marrow pattern of
involvement for indolent man-
tle cell leukemia patients. No
infiltrates are readily discern-
able on hematoxylin-eosin stain
(A, D) (Olympus BX50F4, mag-
nification x 200, colors correct-
ed after acquisition with Adobe
photoshop), but immunostain-
ing showed interstitial involve-
ment by scattered single lym-
phocytes with a similar pat-
terns of CD20 (B, E) and
cyclinD1 (C, F) immunostaining,
estimated at 1% of bone mar-
row cellularity (magnification x
200-1000, Discovery, Ventana
Medical Systems). Patient n. 4
(G) had small interstitial lym-
phoid aggregates with numer-
ous cyclinD1–positive lympho-
cytes (Olympus BX50F4, mag-
nification x 200, Discovery,
Ventana Medical Systems).
Double immunolabeling for
CD20/SOX11 (H) shows posi-
tive co-expression of SOX11
(red nuclear stain) at a low
level in approximately 10% of B
cells indicated by CD20+ brown
cytoplasmic staining (Olympus
BX50F4, magnification x 400).

Table 2. Pathological features of indolent leukemic variant MCL: Peripheral blood and bone marrow.
Patient CD5 CD19 CD20 CD23 CD79b FMC7 Light chain Genetics Bone marrow SOX11

1 + + + bright + subset + + kappa bright 46,XY,t(11;14) 1% single Negative
(q13;q32) cell interstitial

2 + + + bright + subset + + kappa bright N/A; +FISH Not performed N/A
3 + + + bright + + + kappa bright Complex karyotype* Not performed Negative

with t(11;14)(q13;q32); at diagnosis**
+FISH

4 + + + bright _ + + absent N/A; +FISH 10% scattered Low (20% 
interstitial aggregates of B-cells)

5 + + + + + + kappa 46,XX,t(11;14) 1% single cell Negative
(q13;q32) interstitial

6 + + + bright + subset + + kappa bright 46,XX,t(11;14) 5% scattered Negative
(q13;q32) interstitial clusters

7 + + + _ + + kappa N/A; +FISH 5% scattered N/A
interstitial clusters

8 + + + _ + + kappa N/A; +FISH 1% single cell interstitial N/A
FISH: fluorescence in situ hybridization for t(11;14)(q13,q32); N/A: not applicable. *complex karyotype detected 105 months after diagnosis: 43-36,XX,-X[4],del(1)(q25)[5],
add(2)(p13)[12],add(6)(q13)[2]add(8)(p23)[15],t(11;14)(q13:q32)[16],-13[10],der(13)t(13;17)(p11.2;q21)[6],t15[3],-17[12],add(20)(q11.2)[3],t21[5],add(22)(p11.2)
[16],+mar1[5],+mar2[6],+1-5mar[cp17]/46,XX[3]. **Bone marrow biopsy was performed after a dramatic response to a chemotherapeutic regimen and showed no residual dis-
ease.  Bone marrow biopsy was repeated 105 months after diagnosis (relapsed) and lymphoma cells were negative for SOX11.

Ondrejka	et	al.	Haematologica	2011;96(8)	1121-1127	

ü 8	pa2ent	asymptoma2c	with	mild	lymhocytosis	
ü Sox	11	was		nega2ve	(4/5)	or	only	weakly	expressed	(1/5)		
ü 5/8	MIPI	High/Intermediate			
ü Median	 follow-up:	 27	months	 (range	 5-109	months)	 and	
all	 pt,	 but	 one,	 are	 alive	 with	 no	 clinical	 evidence	 of	
disease.	



SOX	11	

BONE	MARROW	BIOPSY:	FIRST/ONLY	SITE	of	BIOPSY	
INTRAVASCULAR	DIFFUSION	

SMALL	CELL	CYTOLOGY	



Conclusions	about	role	of	SOX	11		Tutti Immagini Shopping Notizie Video Strumenti di ricercaAltro SafeSearch
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ü  Indolent	MCL	exist,		
	
ü  well	 recognized	within	 pa2ents	 presen2ng	with	 non-	

nodal,	leukemic	disease,	it	is	likely	that	this	is	not	the	
only	clinical	scenario	

	
ü  SOX11	and	other	genes	are	likely	to	become	useful	in	

the	iden2fica2on	of	these	pa2ents	at	diagnosis,	also	in	
bone	marrow	biopsy		

	
ü  This	 will	 ul2mately	 provide	 clinicians	 with	 the	

confidence	 to	 explore	 less	 intensive	 treatment	
approaches.		
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Genomic and Gene Expression Profiling Defines
Indolent Forms of Mantle Cell Lymphoma

Verònica Fernàndez1, Olga Salamero2, Blanca Espinet3, Francesc Solé3, Cristina Royo1, Alba Navarro1,
Francisca Camacho4, Sílvia Beà1, Elena Hartmann5, Virginia Amador1, Luis Hernández1, Claudio Agostinelli6,
Rachel L. Sargent7, Maria Rozman1, Marta Aymerich1, Dolors Colomer1, Neus Villamor1, Steven H. Swerdlow7,
Stefano A. Pileri6, Francesc Bosch2, Miguel A. Piris4, Emili Montserrat2, German Ott8, Andreas Rosenwald5,
Armando López-Guillermo2, Pedro Jares1, Sergi Serrano3, and Elías Campo1

Abstract
Mantle cell lymphoma (MCL) is typically a very aggressive disease with poor outcomes, but some cases

display an indolent behavior that might not necessitate treatment at diagnosis. To define molecular criteria
that might permit recognition of such cases, we compared the clinicopathologic features, gene expression, and
genomic profile of patients who had indolent or conventional disease (iMCL or cMCL). Patients with iMCL
displayed nonnodal leukemic disease with predominantly hypermutated IGVH and noncomplex karyotypes.
iMCL and cMCL shared a common gene expression profile that differed from other leukemic lymphoid neo-
plasms. However, we identified a signature of 13 genes that was highly expressed in cMCL but underexpressed
in iMCL. SOX11 was notable in this signature and we confirmed a restriction of SOX11 protein expression to
cMCL. To validate the potential use of SOX11 as a biomarker for cMCL, we evaluated SOX11 protein expres-
sion in an independent series of 112 cases of MCL. Fifteen patients with SOX11-negative tumors exhibited
more frequent nonnodal presentation and better survival compared with 97 patients with SOX11-positive
MCL (5-year overall survival of 78% versus 36%, respectively; P = 0.001). In conclusion, we defined nonnodal
presentation, predominantly hypermutated IGVH, lack of genomic complexity, and absence of SOX11 expres-
sion as qualities of a specific subtype of iMCL with excellent outcomes that might be managed more conser-
vatively than cMCL. Cancer Res; 70(4); 1408–18. ©2010 AACR.

Introduction

Mantle cell lymphoma (MCL) is an aggressive lymphoid
neoplasm with a rapid clinical evolution, short responses to
therapy, frequent relapses, and amedian survival of 3 to 4 years
(1). The aggressive biological behavior of this lymphoma has

been attributed to the genetic and molecular mechanisms in-
volved in its pathogenesis that combine the constitutive de-
regulation of cell proliferation due to the t(11;14)(q13;q32)
and cyclin D1 overexpression, a high level of chromosomal in-
stability related to the disruption of the DNA damage response
pathway, and activation of cell survival mechanisms (2). Pa-
tients with MCL are usually treated aggressively at diagnosis
with intensive chemotherapy regimens, including hematopoi-
etic stem cell transplantation (3–6).
Intriguingly, recent studies have identified a group of pa-

tients diagnosed with MCL that show an indolent clinical
course and a long survival of more than 7 to 10 years, some
of them not even requiring chemotherapy for long periods
(7–11). This particular clinical evolution raises the question
whether these patients represent the favorable end of the
spectrum in the clinical evolution of the disease or if they
correspond to a particular subtype of MCL with specific bi-
ological characteristics that may benefit from more conser-
vative clinical management. The identification of patients
with an indolent variant of the disease would allow a risk-
adapted therapy. Unfortunately, diagnostic criteria to estab-
lish this distinction are not available.
We hypothesized that the analysis of the genetic and ex-

pression features of the tumors may help to identify patients
with an indolent clinical evolution and provide biomarkers
that could be used in the clinical setting.
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CONCLUSIONS	
iMCL	is	a	specific	subtype	of	MCL	with	a	constella2on	of	

clinicobiological	features	that	include	a	predominant	nonnodal	and	
asymptoma2c	presenta2on,	stable	disease,	high	rate	of	IGVH	gene	
muta6ons,	lack	of	genomic	complexity,	and	absence	of	expression	of	
several	genes,	including	SOX11	and	other	transcrip2on	factor	of	the	

high-mobility	group	family	



Conven2onal	vs	Indolent	MCL		
Clinical	Characteris2c	

Fernandez	V.	et	al	Clin	Canc	Res	2010;	1408-1418	

U133 Plus 2.0. When more than one probe set was present
for a specific gene, we have used the mean as the gene ex-
pression value for that gene. Gene expression values for each
gene were standardized across samples, and the mean of all
18 genes was reported as a proliferation signature value for
each sample.
The primary array data are available from the Gene Ex-

pression Omnibus (GEO) of the National Center for Bio-
technology Information (NCBI)9 through GEO accession
number GSE16455 (NCBI GEO).
Molecular studies. The mutational analysis of the IGHV

and TP53 (exons 4–8) genes was performed as previously de-

scribed (16, 17). Gene expression analysis of SOX11, HDGFRP3,
and CNN3 genes, selected from the differentially expressed
signature between iMCL and cMCL, was performed by real-
time quantitative reverse-transcription PCR (qRT-PCR) using
predeveloped assays (SOX11, Hs00846583_s1; HDGFRP3,
Hs01016437_m1; CNN3, Hs00156565_m1; Applied Biosystems;
Supplementary Appendix). Total RNA (1 μg) from the 7 iMCLs
and 15 cMCLs cases was treated with Turbo DNase (Ambion,
Inc.). cDNA was then synthesized using the SuperScript III
system (Invitrogen) and following the manufacturer's in-
structions. Expression levels were calculated with the 2−ΔΔCt

method using human β-glucoronidase as endogenous
control and Jurkat cell line as mathematical calibrator (18).
The correlation between microarrays and qRT-PCR measures
as well as the differences of expression between iMCL and9 http://www.ncbi.nlm.nih.gov/geo

Table 1. Clinical and pathologic characteristics of the 12 iMCLs and 15 cMCLs

iMCL (n = 12) cMCL (n = 15) P

Clinical and pathologic data*
Median age (range) 58 (41–75) 67 (30–83) NS
Sex (male/female) 9/3 11/4 NS
B symptoms (%) 0 33 0.03
ECOG ≥2 (%) 0 70 0.01
Nodal presentation (lymph nodes >1 cm), %† 17 93 <0.001
Palpable splenomegaly (%) 50 60 NS
Gastrointestinal involvement (%)* 100 50 NS
Bone marrow involvement (%)* 92 91 NS
WBC count >10 × 109/L (%)* 33 82 NS
Lymphocyte count >5 × 109/L (%)* 44 82 NS
Atypical lymphocytes (%) 92 91 NS
High serum LDH (%)*,† 0 46 0.03
High serum β2-microglobulin (%)* 20 80 NS
Intermediate or high-risk MIPI (%)* 0 46 0.016
Morphology

Small cell (%) 67 13 0.007
Classic 33 74
Blastoid — 13

CD5+ (%)* 64 93 NS
IGHV gene hypermutations (>5%)* 70 20 <0.04
Genomic profile*

0–1 imbalance 100 13 <0.001
≥2 imbalances 0 87

Evolutive data
Splenectomy (%) 42 20
Chemotherapy at any time (%) 17 100
Median follow-up, y (range)‡ 6.4 (2.5–10.4) 3.3 (1.5–5.1) NS
Dead patients (%) 0 47 <0.001
5-y OS (%) 100 49 0.03

Abbreviations: NS, not significant; MIPI, MCL IPI.
*Gastrointestinal involvementwas assessed in 8 cMCLs and4 iMCLs patients;MCL IPI (41)was determined in 13 cMCLs and8 iMCLs;
IGVH mutations and SNP array were studied in 10 and 7 iMCLs, respectively, and all cMCLs; peripheral blood counts, LDH, β2-
microglobulin, bone marrow involvement, and CD5 expression could be assessed in 23, 21, 18, 20, and 25 cases, respectively.
†The two iMCL patients with nodal involvement had an isolated lymph node in the cervical region.
‡Follow-up of surviving patients.
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NEOPLASIA

Asubset of t(11;14) lymphoma with mantle cell features displays mutated
IgVH genes and includes patients with good prognosis, nonnodal disease
Jenny Orchard, Richard Garand, Zadie Davis, Gavin Babbage, Surinder Sahota, Estella Matutes,
Daniel Catovsky, Peter W. Thomas, Hervé Avet-Loiseau, and David Oscier

Weanalyzed lymphocytemorphology, his-
tology, immunophenotype, immunoglobu-
lin heavy chain (IgVH) gene mutations, and
clinical course in 80 unselected patients
presenting with circulating t(11;14) lympho-
cytes. Of the 80 patients, 43 had peripheral
lymphadenopathy (nodal group), and his-
tology confirmed mantle cell lymphoma
(MCL) in all. There were 37 patients with
no lymphadenopathy (nonnodal group);
13 of 37 had histology, all showing MCL.
IgVH genes were unmutated in 28 (90%) of
31 nodal and 15 (44%) of 34 nonnodal
cases (P ! .0001); CD38 was positive in

32 (94%) of 34 nodal and 16 (48%) of 33
nonnodal cases (P < .001); 41 (95%) of 43
nodal patients required immediate treat-
ment compared with 18 (49%) of 37 non-
nodal patients who had indolent disease
(P < .0001). Median survival (95% confi-
dence interval) was 30 months (10-50) in
the nodal group and 79 months (22-136)
in the nonnodal group (P ! .005). Muta-
tion status did not statistically affect sur-
vival, but of 6 long-term survivors (> 90
months) all were nonnodal and 5 of 5 had
mutated IgVH genes. Lymphocyte mor-
phology was heterogeneous in both

groups: typical MCL in 56 cases (34 nodal,
22 nonnodal), blastoid MCL in 8 cases (3
nodal, 5 nonnodal), and small-cell MCL in
16 cases (6 nodal, 10 nonnodal, P ! .12).
Matutes immunophenotyping score was
1 in 65 cases and 2 in 15 (8 nodal, 7
nonnodal). We find no evidence against a
diagnosis of MCL in the nonnodal group
and suggest that mutated IgVH genesmay
help identify patients with indolent dis-
ease. (Blood. 2003;101:4975-4981)

© 2003 by TheAmerican Society of Hematology

Introduction
The t(11;14)(q13;q32) is an important translocation in B-cell
malignancy. It results in the juxtaposition of the BCL1 gene and
the immunoglobulin heavy chain locus with consequent overex-
pression of cyclin D1.1 The t(11;14) is the hallmark of mantle
cell lymphoma (MCL), a disease also characterized by well-
defined nodal histology and an immunophenotype typified by
the strong expression of surface immunoglobulin, usually IgM
and IgD, together with CD5, CD19, CD20, and CD79b. The
translocation is not, however, exclusive to MCL, as it is found
for example in myeloma,2,3 a disease readily differentiated by its
morphology and clinical picture. It has also been described in a
small percentage of other chronic lymphoproliferative diseases,
but the literature is not consistent on this point, and some groups
have considered the presence of the t(11;14) translocation in
circulating lymphocytes to be synonymous with MCL.4 The
incidence of t(11;14) in diseases other than MCL or myeloma is
therefore difficult to define. Whatever the nomenclature chosen
for these conditions, the clinical picture of patients with
circulating atypical clonal lymphocytes carrying the t(11;14)
translocation is variable: both benign and very aggressive
outcomes have been described.5-8
In cases of t(11;14) lymphocytosis that have peripheral lymph-

adenopathy or in which splenectomy is indicated, tissue histology

provides a diagnosis, which is almost invariably MCL. Cases
originally diagnosed as prolymphocytic leukemia (PLL) or atypical
chronic lymphocytic leukemia (CLL) have been reclassified as
MCL when additional tissue such as spleen has become available
during the course of the disease.9 The diagnostic problems arise in
those cases without access to histology.10-12 Here the diagnosis is
based on factors such as the morphology of the circulating
lymphocytes, bone marrow appearance, immunophenotype, and
karyotype. In the literature these cases have variously been called
MCL, mantle cell leukemia, atypical CLL, PLL, and splenic
lymphoma with villous lymphocytes (SLVL).13-17 The basic ques-
tion as to whether all cases with t(11;14) circulating lymphocytes
are MCL variants or whether they encompass other diseases is
unresolved.
Sequencing the variable region of the immunoglobulin heavy

chain (IgVH) genes has provided new insights into the clonal origin
of the chronic B-cell malignancies. An absence of somatic muta-
tions is consistent with origin from a pre–germinal center B cell,
whereas tumors that show somatic hypermutation arise either from
germinal center cells or from post–germinal center memory cells.
While some B-cell malignancies typically arise from one or other
of these groups, CLL and SLVL are heterogeneous with respect to
IgVH gene mutations; cases lacking mutations have a more
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Review of histology and lymphocyte morphology

Histology was available in 51 patients for 34 lymph nodes, 19
spleens, 9 GIT biopsies, and 2 tonsils. From 13 nonnodal cases
were 10 splenic, 1 hilar node, and 2 GIT biopsies. The histology in
all cases was that of typical MCL, except in 4 patients exhibiting a
blastoid variant. Blood lymphocyte morphology was typical MCL
in 56 cases (34 nodal, 22 nonnodal), blastoid MCL in 8 cases (3
nodal, 5 nonnodal), and small-cell MCL in 16 cases (6 nodal, 10
nonnodal). Of the typical MCL cases, 3 also had some cells with
features of PLL (2 cases) or lymphoplasmacytoid lymphoma (1
case). No cases had the morphology of SLVL, PLL, or typical CLL.
Of the 13 nonnodal cases that also had tissue histology, lymphocyte
morphology was typical in 9, blastoid in 1, and small cell in 3.
There was no significant difference in numbers of patients with
small-cell morphology between the nodal and nonnodal groups
(P ! .12).

Immunophenotyping

Displaying the typical MCL phenotype as described in “Patients
and methods” and with a Matutes score of 1 were 65 patients. In the
remaining patients the phenotype differed in one of these criteria: 2
patients were CD5" (both in the nodal group), 6 patients were

FMC7 negative (3 nodal, 3 nonnodal), and 7 patients were weakly
positive for CD23 (3 nodal, 4 nonnodal). All of these 15 cases had a
Matutes score of 2 (see Table 2 for details). Expression of CD38
was measured in 67 patients and was positive in 48 (72%). As
shown in Table 1, CD38 positivity was found in 94% and 48% of
patients in the nodal and nonnodal groups, respectively (P # .001).

IgVH gene analysis

IgVH gene analysis was successful in 65 patients. IgVH genes were
unmutated in 43 (66%) and mutated in 22 (34%) cases. In the nodal
group, 28 (90%) of 31 patients had unmutated IgVH genes and the
remaining 3 patients showed a low degree of mutation (97%
germ-line homology). In contrast, in the nonnodal group, 15 (44%)
patients had unmutated IgVH genes, while 19 (56%) had mutated
IgVH genes, the lowest degree of homology being 87% (P ! .0001,
Figure 1).
The effects of CD38 (P ! .013) and IgVH gene status (P ! .018)

on nodal status were statistically independent of one other. IgVH
gene family use was comparable in both the unmutated and the
mutated cases and similar to that of the normal B-cell repertoire
(Table 3).
As to individual IgVH gene use, Figure 2 shows a comparison

between the more frequently used IgVH genes in CD5$IgM$

normal B cells and those used in our MCL cases. V3-30 and V4-34
appear elevated in the unmutated MCL group. The mutated subset
was investigated for intraclonal heterogeneity as described in
“Patients and methods” and this was absent in all cases, suggesting
that the mutated cases do not arise from the malignant transforma-
tion of a germinal center B cell.

Table 1. Comparison of patient characteristics in nodal and nonnodal groups

Nodal
group

Nonnodal
group P

Patients
No. 43 37
M/F 2.3/1 2/1 1.0
Mean age, y (range) 65 (42-87) 63 (36-81) .58

Clinical (%)
Splenomegaly 25/43 (58) 28/37 (76) .15
GI tract 8/43 (19) 2/37 (5) .1

CD38, 30% or more positive (%) 32/34 (94) 16/33 (48) # .001
IgVH genes (%)
98% or higher homology 28/31 (90) 15/34 (44)
97% homology 3/31 (10) 3/34 (9) # .001
Less than 97% homology 0/31 16/34 (47)

Karyotype (%)
Complex 11/11 (100) 9/17 (53) .01
Single 0/11 8/17 (47)

Median survival, mo (95% confidence limits) 30 (10-50) 79 (22-136) .005

Table 2. Details of the 15 patients with Matutes score of 2

Patient no. CD5 CD23 FMC7 CD38, % IgVH gene homology, % Clinical
Outcome:survival, mo/alive

(A) or dead (D)

5 $ " " 97 97 Nodal 23/D
6 " " $ 99 97 Nodal 29/D
8 " " $ 89 100 Nodal 5/D
14 $ " " 92 NR Nodal 8/D
26 $ Weak $ $ 0 99 Nodal 5/D
37 $ Weak $ $ 44 100 Nodal 8/D
38 $ " " 99 NR Nodal 40/A
42 $ Weak $ $ NR 98.6 Nodal 78/D
47 $ " " 13 96 Nonnodal 12/A
49 $ Weak $ $ 5 94.5 Nonnodal 90/A
62 $ Weak $ $ 0 87 Nonnodal 99/A
65 $ " " 0 100 Nonnodal 79/A
68 $ Weak $ $ 4 95 Nonnodal 30/A
70 $ Weak $ $ 0 98.6 Nonnodal 46/A
75 $ " " NR 87.8 Nonnodal 31/D

NR indicates no result.

Figure 1. Pecentage of IgVH gene somatic hypermutations: comparison of the
nodal and nonnodal groups. f indicates nodal and Œ indicates nonnodal.
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months in the nodal group. Of 33 cases, 17 (52%) were CD38!, and
IgVH gene mutations were found in 19 (56%) of 34 nonnodal cases
including 10 cases with extensive somatic mutations. Of the 6
longest survivors (" 90 months), all 5 in whom the analysis was
successful had mutated IgVH genes.
A key issue is whether the heterogeneity in the nonnodal group

represents a true variation within MCL36,37 or is due to the inclusion
of other B-cell malignancies with the t(11;14) translocation.
Following an extensive review of peripheral blood morphology,
histology, immunophenotype, karyotype, and IgVH genes, we
found no reason to exclude any of the original 80 cases of t(11;14)
lymphocytosis on the grounds of a diagnosis other than MCL.
Heterogeneity of peripheral blood lymphocyte morphology was
found in both the nodal and the nonnodal groups: typical MCL
morphology was found in 79% and 59%, blastoid MCL in 7% and
14%, and small-cell morphology in 14% and 27%, respectively. No
cases had morphology suggestive of SLVL, typical CLL, or PLL.
The main potential diagnostic difficulty lies in the 16 cases in
which the predominant cell was a small lymphocyte. These were
classified as small-cell MCL based on the presence of some typical
mantle cells, but we would have been unable to be confident of a
diagnosis of MCL on the basis of morphology alone. The main
differential diagnosis here would be atypical CLL or possibly
peripheral blood spillover from splenic marginal zone lymphoma
(SMZL). However, all 6 small-cell nodal cases had lymph node
histology confirming MCL, and the histologic diagnosis was
consistent with MCL in all 5 small-cell nonnodal cases in which
tissue was available (1 spleen, 1 colon, 1 conjunctiva, and 2 bone
marrow trephines).
We recognize that the histologic diagnosis of MCL, particularly

in nonnodal cases, may be difficult. Gastrointestinal appearances in
MCL can resemble those of other low-grade lymphomas, and bone
marrow histology is not always diagnostically conclusive38,39
However, all the biopsies in this study were, at the very least,
consistent with MCL, and in particular, none showed paraimmuno-
blasts suggestive of CLL. Spleen histology in both MCL and
follicle center cell lymphoma may sometimes have a marginal zone
appearance; however, where a diagnosis of SLVLwith t(11;14) has
previously been entertained, this has been on the basis of peripheral
blood data alone. Conversely, a recent study of spleen histology in
SMZL failed to find cases with cyclin D1 positivity.40
All cases had a typical MCL immunophenotype with a Matutes

score of 1 (65 cases) or differed in only one criterion, giving a score
of 2. The 15 cases scoring 2 were similarly divided between nodal
and nonnodal groups. There were 2 CD5! patients and both were in
the nodal group with confirmatory MCL histology. A recent review
of immunophenotyping in chronic lymphoid malignancies shows
that only 2% of CLL have a score of 2, none having a score of 1.28
Typical CLL has a score of 4 or 5, but there is a small overlap
between MCL and atypical CLL. Equally, some cases of PLL and
SLVL have previously been reported as CD5#, so that although all

of our 80 cases have immunophenotypes that are entirely consistent
with MCL, the present panel of markers cannot definitely exclude
atypical CLL, SLVL, or PLL. A recent report suggests that
coexpression of CD18 and CD54 may be helpful in distinguishing
MCL from atypical CLL.41
There were 28 patients who had karyotypic analysis. All 11

nodal cases had a complex karyotype, whereas there was heteroge-
neity in the nonnodal group (9 cases complex, 8 cases single
t(11;14)). With regard to the diagnostic difficulties in the nonnodal
group, there were no cases of 7q abnormalities or #3 to indicate
SLVL, or #12 to suggest an alternative diagnosis of CLL.
However, cytogenetic overlap between atypical CLL and MCL as
evinced by#12, 13q14 deletions, and 11q loss is well reported.34,42
A recent study43 comparing nodal and leukemic MCL identifies
genomic loss of 8p as much more common in the latter. We did not
find this on karyotyping, but it may be that the use of the more
sensitive FISH technique, as used in the study, is necessary to pick
this up.
Study of IgVH gene mutational status is another parameter that

demonstrates homogeneity of the nodal group (90% unmutated)
and heterogeneity of the nonnodal group (44% unmutated). Se-
quence analysis of the t(11;14) junctions has recently shown that
this chromosomal translocation arises early in B-cell ontogeny, at a
stage when the cell is undergoing VDJ recombination.44 The
heterogeneity of IgVH mutational status in cases with the t(11;14)
translocation implies that a subsequent transforming event may
occur in either an unmutated B cell or alternatively in a post–
germinal center memory B cell. Similar heterogeneity is well
recognized in CLL and has recently been described in SMZL. This
IgVH gene heterogeneity within diseases defined by WHO criteria
precludes the use of IgVH gene status as a means of elucidating
whether the nonnodal t(11;14) cases represent one or more disease
entities. The finding of biased IgVH gene use, an activated cell
surface phenotype, and short telomere lengths strongly suggests
that the unmutated subset of CLL has encountered antigen.
However, recent cDNA microarray data show that the genetic
signature of both groups of CLL is closer to that of a normal
memory B cell than to a normal naive or germinal center B cell.45 A
similar study in patients with a t(11;14) lymphocytosis may help to
clarify whether there is a common genetic signature among these
cases in spite of the heterogeneity of IgVH gene mutational status.
In contrast to CLL and SLVLwe found no significant asymmetry of
IgVH gene use either at the level of gene families or individual VH
gene segments, suggesting origins from diverse cells of a func-
tional B-cell repertoire. The spread of individual IgVH genes used is
wide and the numbers in each group correspondingly small.
However in conjunction with 2 other recent studies46,47 we confirm
that, unlike CLL, use of V3-21 and V4-34 is largely confined to the
unmutated group. Thorselius et al observed the use of VH4-34 in
22% of MCL cases, but the association of mutational status was not
clarified.48 Confirmation of overutilization of V4-34 in unmutated

Figure 3. Comparison of overall survival between the
nodal and nonnodal groups and between patients
with unmutated and mutated IgVH genes. (A) Nodal
status had a significant adverse effect on survival (me-
dian survival: nodal, 30 months; nonnodal, 79 months).
(B) The effect of IgVH gene mutation status does not
attain statistical significance.
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The 2008 WHO classification described 36 different
types of mature B-cell neoplasms, encompassing pro-
visional entities and subtypes.1 Histological and

molecular findings, as well as profound differences in clini-
cal behavior, warrant such a detailed classification.
Moreover, even within single lymphoma entities a consid-
erable heterogeneity in disease presentation and outcome
among different patients is regularly observed. Hence, a
more comprehensive characterization of the patient as well
as disease becomes crucial to tailor a “personalized”
approach based on the specific features of each of our
patients.  

An illustrative example is mantle cell lymphoma (MCL).
MCL was first recognized as a separate entity as “centro-
cytic type” in the Kiel classification and subsequently re-
named “mantle cell lymphoma”, but was generally not
accepted before the 1994 REAL classification.2,4 With a 36-
month median overall survival (OS) it was the lymphoma
subtype with the worst long-term prognosis, lacking both
the prolonged survival of the indolent lymphomas and the

curative potential of the aggressive ones.5 Since then, sub-
stantial progress has been made based on an improved
diagnostic accuracy by the detection of the chromosomal
translocation t(11;14) and the resulting cyclin D1 overex-
pression. Accordingly, its prognosis, formerly recognized
as uniformly dismal, has nowadays changed into a spec-
trum of highly heterogeneous clinical scenarios, irrespec-
tive of patient age at presentation. 

Reviewing our daily experience, there are certainly
young MCL patients who initially respond to cytarabine-
containing regimens followed by autologous stem-cell
transplantation (ASCT), but who rapidly progress with
chemorefractory disease shortly after. On the other hand,
some young MCL patients are alive without evidence of
lymphoma ten years after ASCT. Similarly, we recollect
elderly patients responding to conventional immuno-
chemotherapy and relapsing six months after end of ritux-
imab maintenance. Other individuals may present with a
long history of indolent MCL, yet finally, after years of
‘watch and wait’, transform into highly aggressive disease,

Personalized medicine in lymphoma: is it worthwhile? The mantle cell lymphoma experi-
ence
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Figure 1. Suggested personalized treatment strate-
gy according to risk stratification in mantle cell lym-
phoma (MCL). 
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