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Abstract
Mantle cell lymphoma (MCL) is a relatively rare lymphoma subtype. Almost all cases show common genetic abnormality
t(11;14), resulting in overexpression of cyclin D1 protein. The clinical course is usually aggressive, and the disease is mainly
considered incurable but obvious clinical heterogeneity exists. Most patients experience a rapidly progressive course, and some
go through an indolent course of disease. So new strategies are needed for risk stratification and may allow for a more
personalized approach in the future. We retrospectively studied 50 cases of MCL which were diagnosed at a single center over
about 5 years to determine clinicopathologic and immunophenotyping findings. This study focuses on (1) age, gender, and
location of tumor at presentation; (2) some challenges in the diagnostic criteria; (3) cytomorphology, histomorphology,
immunophenotyping, and proliferation rate; and (4) overall survival and finally relationship with demographic and pathologic
findings which shows no association between survival of patients and gender, cytomorphology, histology, and location of tumor
while increased mitotic activity and age are prognostically important factors. Cyclin D1 immunostaining is strictly recommended
in all low-grade B cell lymphoma due to absence of CD5 expression on 20% of confirmedMCL and also on all high-grade B cell
lymphoma for avoiding overlook of blastic variant of MCL.
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Introduction

Mantle cell lymphoma is a mature B cell neoplasm with a
male predominance and median age of about 60 years, usually
composed of monomorphic small to medium-sized lymphoid
cells with irregular nuclear contours. In more than 95% of
cases, there is a CCND1 translocation [1]. MCL shows unique
morphological, immunophenotyping, and molecular genetic
features. According to immunophenotyping data, MCL arises
from cells reside in the mantle zone of lymphoid follicles [2].
Based on molecular pathogenesis, one type of MCL which
shows nodal involvement at presentation originates from the
mantle zone of the lymphoid follicle and frequently is
SOX11-positive. A rare type of MCL (10–20% of all types),

usually is SOX11 negative, may undergo somatic
hypermutation in germinal centers and mostly involves the
peripheral blood (PB) and bone marrow (BM). It also shows
a better prognosis than nodal type [1, 2]. Neoplastic cells are
mature B cells with strong expression of pan B markers such
as CD20, PAX5, and aberrant expression of CD5, and are
usually negative for CD23 and CD10. A recurring cytogenetic
abnormality, t(11;14) occurs in MCL, resulting in a rearrange-
ment of the BCL-1 gene locus and overexpression of the cy-
clin D1 (CCND1/PRAD1) gene which is a cell cycle regulator
that facilitates the deregulation of the cell cycle and can be
detected on immunostaining [3]. Although usually presents
with widespread diseases, such as generalized lymphadenop-
athy, bone marrow and peripheral blood involvement, spleno-
megaly, and even bowel infiltration [4], significant heteroge-
neities are in the clinical presentation of the disease. Some
patients present with leukemic manifestation for the first time,
others with nodal or extranodal mass infiltration like lympho-
ma. MCL also has a variable clinical course, some patients are
severely symptomatic and show progressive diseases such as
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acute leukemia while others are indolent and need no urgent
medical interventions. To different aggressive and less aggres-
sive MCL, Ki-67 proliferation index, and MIPI (Mantle Cell
Lymphoma International Prognostic Index), risk stratification
is used which affects by age at presentation, serum LDH level,
WBC count, and performance status [5, 6]. The goal of this
study was to evaluate clinicopathologic variations in patients
withMCL and its correlation with patient’s survival. The term
“clinical variations” here refers to the location of tumor at
presentation, and the term “pathologic variations” refers to
cytomorphology and histomorphology and proliferation index
of tumor which is detected by Ki-67 immunostaining.

Materials and methods

Cases diagnosed as MCL between April 2014 and September
2019 retrieved from hematopathology archive of Shiraz
University Medical Sciences as the most referral one in the
South part of Iran. All samples had been evaluated by mor-
phologic examination, flow cytometry, immunohistochemis-
try, and molecular cytogenetic study if indicated. A total of 50
cases in which the diagnosis was confirmed were included.
Liquid samples such as bone marrow and peripheral blood
were stained with the Wright method. Marrow sample
immunophenotyping was performed by FACSCalibur flow
cytometry on the standard four-color assay by the following
panel of monoclonal antibodies: CD20/CD5/CD23/FMC7
and CD19/CD10/CD38/CD45 that used Cell Quest software
for data analysis. Cyclin D1 detection was performed by im-
munostaining on trephine marrow biopsy. In examining tis-
sues, biopsy specimens had been fixed in 10% buffered for-
malin and bone marrow decalcified in 0.5 M EDTA solution,
routinely processed, sectioned at 4 μm, and stained with he-
matoxylin and eosin (H&E). All nodal and extranodal samples
were immunophenotyped by immunohistochemical staining
for CD20, PAX5, CD5, CD10, CD3, CD23, cyclin D1, and
Ki-67. Immunostaining was done on first specimens manual-
ly. All aspiration, H&E, and immunostained slides reviewed
by two of the authors separately for subclassification of
cytomorphology, histomorphology, evaluation of immuno-
staining, and proliferation index. In case of discrepancy, we
achieve consensus on a mult i -head microscope.
Histomorphology is determined by the dominant pattern
(greater than 50%) of the tumor by low power (× 10).
Marrow showed diffuse, nodular, or interstitial pattern and
lymph node or other lymphoid tissue showed diffuse, nodular,
or mantle zone pattern. Based on cytomorphology, all tumors
subcategorized to classic, small, blastic, marginal zone, and
pleomorphic type [7] shown in Fig. 1. In classic type, neoplas-
tic cells show some nuclear indentation and irregularity; in
small type, nucleus is small with round nuclear border; and
in marginal zone pattern, neoplastic cells show abundant clear

cytoplasm such as normal monocytoid B cells. The prolifera-
tion index was assessed by counting Ki-67-positive neoplastic
cells in 10 random high-power fields (HPF, × 400) (5 HPF in
small biopsies). In each HPF, 500 cells were counted, and the
average percentage of Ki-67-positive neoplastic cells consid-
ered as proliferation rate [3]. Thirty percent of positivity has
been usually accepted as a cut off for high, compared with low
Ki-67 expression [4].

Laboratory and clinical data of the patients have obtained
from the hospital HIS system and through communication
with the patient or their relatives. No other comorbidities were
found responsible for patients’ death. All types received the
same chemotherapy regimens except CNS prophylaxis in ag-
gressive ones. Fourteen out of 50 cases presented with leuke-
mic manifestation and bone marrow were examined, 26 out of
50 cases with nodal involvement, and 10 out of 50 cases with
extranodal presentation (5 digestive tracts, 2 tonsils, one
spleen, one nasopharynx, and one soft tissue). Information
gathered from demographic data, location of the tumor,
histomorphology, cytomorphology, immunophenotyping,
proliferation rate, and months survive after diagnosis was
filled in SPSS sheet for statistical analysis.

Statistical analysis

Fisher’s exact test was used for checking the relationship be-
tween gender and location with two group memberships (Ki-
67 categories). Mann-Whitney U test was used to examine
mean differences in age between two groups. We used the
Shapiro-Wilk test to assess normality and Levene’s test for
homogeneity of variances. The univariate analysis was con-
ducted by univariate Cox regression for the influence of Ki-
67, age, gender, location, histomorphology, and
cytomorphology on survival time. Variables with significant
or borderline significant values (P ≤ .10) in the univariate
analysis were entered into the Cox model for multiple analy-
ses. All analyses were performed using the SPSS statistical
software, version 22 and P < 0.05 was considered to be sta-
tistically significant.

Results

In our center, MCL consisted of 4.57 % (50 out of 1092
patients) of all malignant lymphoma diagnosed between
April 2014 and September 2019. The median age was 62
(range, 41 to 96 years) with a mean of 64.36 (SD = 11.99).
The majority of the patients were male (M/F = 4/1) and the
median follow-up time was 15 (range, 1–50) months. The
overall survival was about 18 months. Fifty-two percent of
patients presented with nodal, 20% with extranodal (5 diges-
tive tracts, 2 tonsils, one spleen, one nasopharynx, and one
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soft tissue), and 28% with leukemic involvement without ev-
idence of lymph node involvement at the time of diagnosis. Of
all patients with classic cytomorphology, 20% were CD5 neg-
ative (all blastic and pleomorphic types expressed CD5 anti-
gen). Clinical, demographic, and histopathologic characteris-
tics of all patients are summarized in Table 1.

The relationship between age, gender, and location
with the proliferation rate (Ki-67 index) is shown in
Table 2. The results reveal that the 2 groups did not differ
in age, gender, and location (all P > .05). The univariate
and multiple Cox regression are presented in Table 3 for
the in f luence of Ki-67 , age , gender , loca t ion ,

Table 1 Clinical and
demographic characteristics of all
patients

Variable Categories Mean ± SD or n (%)

Age (years) - 64.36 ± 11.99

Gender Male 40 (80)

Female 10 (20)

Location Nodal 26 (52)

Leukemia 14 (28)

Extra nodal 10 (20)

Histomorphology of extra BM Diffuse 25 (69.4)

Nodular 10 (27.8)

Mantle zone pattern 1 (2.8)

Pattern of BM Diffuse BM 5 (35.7)

Nodular BM 3 (21.4)

Interstitial BM 6 (42.9)

Cytomorphology Classic 34 (68)

Small 7 (14)

Blastic 5 (10)

Marginal zone 3 (6)

Pleomorphic 1 (2)

Ki-67* Ki-67 < 30 20 (40)

Ki-67 ≥ 30 16 (32)

Living** Alive 21 (42)

Dead 16 (32)

Survival time - 18.03 ± 15.54

*Fourteen patients were missed

**Thirteen patients were missed

Fig. 1 Mantle cell lymphoma
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histomorphology, and cytomorphology on survival time.
There are significant effects of Ki-67 and age on survival
time at the level of 0.05. There was no association be-
tween Ki-67 and histomorphologic type (P value = 0.59)
or cytomorphology (P value = 0.16).

In the univariate analysis, Ki-67 and age were signifi-
cant risk factors for the event at the level of 0.1 (all P ≤
0.1) (Table 3), while there was no significant difference in
other variables (all P > 0.1). A value of hazard ratio (HR)
= 16.002 > 1 in Ki-67 means that the group of Ki-67 ≥ 30
comparing with the group of Ki-67 < 30 has a shorter
time to event, i.e., death. Also, an increase in 1 year in
age has 11% (95% CI 1.05 to 1.17) decrease in time to the
event. In multiple Cox regression, the result revealed, Ki-
67 and age were manifested to be risk factor for survival
(Ki-67: HR = 14.71; 95% CI, 1.65–130.88; P = .016, and
for the age, HR = 1.12; 95% CI, 1.03–1.22; P = .009).
Therefore, Ki-67 was a significant prognostic factor after
controlling age effects as covariates in the Cox regression
model.

Cox Survival plot for multiple Cox regression is shown in
Fig. 2. This plot is related to multiple Cox regression in Ki-67
when age has been controlled. Survival plot for univariate Cox
model of Ki-67 (all P ≤ 0.1) is depicted in Fig. 3.

Discussion

MCL consists of less than 10% of all cases of non-Hodgkin
lymphoma, although is a unique lymphoma and all cases are
characterized by a common genetic abnormality t(11;14) and
usually is an aggressive lymphoma but sometimes shows het-
erogeneous clinical behavior which may be affected by genet-
ic and environmental factors. Actually in spite of common
genetic abnormality, patients with MCL show variant
c y t omo r ph o l o g y a n d t umo r a r c h i t e c t u r e a n d
immunophenotype which may impact prognosis and even
treatment protocol. Although few studies were done on sub-
type distribution of lymphoma in Iran [8–10] in our knowl-
edge, there is no specific study on clinicopathologic findings
of MCL here. MCL comprises approximately 4% of malig-
nant lymphoma in the province of British Columbia [2] ac-
counts for 6% of all NHLs in the USA [11] and 3.2% of all
malignant lymphoma in turkey [12]. In our study, MCL com-
prised about 4.57% of all malignant lymphomas. Median age
is about 60 years [1], and in our study, it was 62. The male to
female ratio is more than 2/1 [13], and in our study, it was 4/1.
In one study which was done by Alexander J et al. in the USA
[14], primary site of involvement in about 80.4% of patients
was nodal, 3.6% hematologic, and 16% extranodal site, In

Table 3 Univariate and multiple Cox regression analysis

Variable Univariate Multiple

Hazard ratio (HR) 95% CI for HR P value Hazard ratio (HR) 95% CI for HR P value

Ki-67 < 30 1 1

≥ 30 16.002 1.99–128.99 0.009 14.71 1.65–130.88 0.016

Age 1.11 1.05–1.17 P < 0.001 1.12 1.03–1.22 0.009

Gender Male 1.21 0.34–4.24 0.77

Female 1

Location Nodal + extra nodal 0.995 0.32–3.09 0.99

Leukemia 1

Cytomorphology Classic + small 0.6 0.13–2.7 0.51

Blastic 1

Table 2 Baseline characteristics of all patients between two groups (Ki-67 < 30 and Ki-67 ≥ 30); Mean ± SD or n (%)

Variable Total Ki-67 < 30 (n = 20) Ki-67 ≥ 30 (n = 16) P value

Age (years) 64.36 ± 11.99 63.95 ± 9.32 67.94 ± 13.46 0.35*

Gender Male 29 (80.6) 14 (70) 15 (93.8) 0.1**

Female 7 (19.4) 6 (30) 1 (6.2)

Location Nodal + extranodal 30 (83.3) 19 (95) 11 (68.8) 0.069**

Leukemia 6 (16.7) 1 (5) 5 (31.2)

*Mann-Whitney test

**Fisher’s exact test
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another study by Preetesh Jain and Michael Wang which pub-
lished in American Journal of Hematology as 2019 update of
MCL, leukemic non-nodal MCL was seen in 10 to 20%MCL
patients[15], while in our study, patients presenting with leu-
kemic non-nodal type were 28% which shows a difference in
organ involvement at presentation probably due to effect of
genetic and environment on tumor identity. Even though pa-
tients with leukemic presentations have been reported with the
indolent course and longer survival [1], in our study, no sig-
nificant difference in survival between nodal and non-nodal
MCL was seen. In this study, 20% of MCL did not express
CD5, while in another study, about 5% of MCL lack CD5
expression [16] and all of them had classic morphology. It is
worth to mention that all of the blastic or pleomorphic variants
showed CD5 aberrant expression. So irrespective of CD5 sta-
tus, checking cyclin D1 expression is highly recommended on
all low-grade B cell lymphoma (other than well-known enti-
ties such as small lymphocytic lymphoma, follicular lympho-
ma, and hairy cell lymphoma) and also on all high grade and
pleomorphic ones when CD5 is positive. Sixty percent of

patients with nodular histomorphology showed follicular den-
dritic cell meshwork expansion on immunostaining which
propose follicular colonization of neoplastic cells in the ger-
minal center while follicular dendritic cell meshwork expan-
sion was not seen in other histoarchitectural of lymph node or
extranodal sites.

Conclusion

Although MCL is an aggressive lymphoma, behavior varies
from case to case from indolent with no active indications for
treatment and can be watched initially, to very aggressive
which needs various strategies of therapy according to risk
stratification [17, 18] so the approach to a patient with MCL
and protocol of therapy is different. Some clinicopathologic
findings may predict an outcome.

In our study, although some results were not reliable and
were limited due to low sample size (cytomorphology groups
of pleomorphic and blastic type and histomorphology group
of mantle zone pattern like) but Ki-67 and age were significant
risk factors for the event (death), so these data may somehow
help clinician predicting survival or even treatment regimen.
In order to prevent overlooking of CD5-negative and blastic
variants of MCL, we recommend cyclin D1 immunostaining
on all low-grade B cell lymphoma and CD5-positive high-
grade B cell lymphoma.
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