00

BLOOD

VOLUME 51 - NUMBER 2 ORIGINAL

June 2016

RESEARCH

ARTICLE

Prognostic relevance of the Ki-67 proliferation index in patients with
mantle cell ymphoma

Tae-Dong Jeong"?, Hyun-Sook Chi', Min-Sun Kim', Seongsoo Jang', Chan-Jeoung Park’, Joo Ryung Huh®

Department of Laboratory Medicine, ' University of Ulsan College of Medicine and Asan Medical Center,” Ewha Womans University
School of Medicine, > Department of Pathology, University of Ulsan College of Medicine and Asan Medical Center, Seoul, Korea

p-ISSN 2287-979X / e-ISSN 2288-0011
http://dx.doi.org/10.5045/br.2016.51.2.127
Blood Res 2016;51:127-32.

Received on January 15, 2016
Revised on March 14, 2016
Accepted on March 31, 2016

Correspondence to

Hyun-Sook Chi, M.D., Ph.D.

Department of Laboratory Medicine,
University of Ulsan College of Medicine
and Asan Medical Center, 88, Olympic-ro
43-gil, Songpa-gu, Seoul 05505, Korea
E-mail: hschi4502@gmail.com

(© 2016 Korean Society of Hematology

Background

A high Ki-67 proliferation index (PI) in neoplastic cells is associated with poor survival
in mantle cell ymphoma (MCL). We aimed to determine the cut-off values for the Ki-67
Pl as a prognostic factor in MCL according to bone marrow findings.

Methods

Immunohistochemical (IHC) staining for Ki-67 was performed on formalin-fixed paraf-
fin-embedded biopsy tissues from 56 patients with MCL. Patients were grouped based
on their Ki-67 Pl values. Survival analyses were carried out and the cut-off value for the
Ki-67 Pl was determined.

Results

Of the 56 patients, 39 (69.6%) showed bone marrow involvement of MCL; 21 of these
patients had leukemic manifestations at the time of diagnosis. The results of the Ki-67
IHC staining were as follows: <10% in 22 patients, 11-20% in 14 patients, 21-30% in
3 patients, 31-40% in 4 patients, 41-50% in 4 patients, and >50% in 9 patients. A cut-off
value of 20% revealed significantly different survival rates with mean survival times of
69.8 months (Ki-67 PI<20%) and 47.9 months (Ki-67 PI>20%), irrespective of bone mar-
row findings (P=0.034). Clinical outcomes did not differ, regardless of bone marrow
findings. However, in cases with bone marrow involvement, the Ki-67 cut-off value of
30% for overall survival was required to yield statistical significance (P =0.033).

Conclusion

The 20% cut-off value for the Ki-67 Pl was clinically meaningful, regardless of bone marrow
involvement of MCL. For patients with bone marrow involvement, the statistically sig-
nificant cut-off value increased to 30%.
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INTRODUCTION

ma, follicular lymphoma, and diffuse large B cell lymphoma
[3]. Despite the development of treatment strategies, such
as anti-CD20 monoclonal antibody therapy and hema-

Mantle cell lymphoma (MCL) is a B-cell non-Hodgkin’s
lymphoma characterized by the t(11;14)(q13,q32) trans-
location and over-expression of the cell cycle regulator pro-
tein, cyclin D1 [1]. The majority of patients present with
advanced Ann Arbor stage III or IV, accompanied by periph-
eral blood and/or bone marrow involvement at diagnosis [2].

The clinical outcomes of MCL are highly heterogeneous,
but, in general, MCL is considered an aggressive neoplasm;
it has the poorest long-term survival rate of several mature
B-cell lymphoma subtypes including marginal zone lympho-

topoietic stem cell transplantation, the prognosis for patients
with MCL remains poor [2]. The median overall survival
is 34 years [4, 5].

Previous studies have reported that a high Ki-67 pro-
liferation index (PI) in neoplastic cells is associated with
poor survival in patients with MCL [6-9]. A number of studies
have proposed a particular Ki-67 PI cut-off value as an in-
dependent prognostic marker in MCL. However, those stud-
ies did not investigate this cut-off in terms of bone marrow
involvement of MCL [6-9]. Since MCL frequently presents

(@@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
(@) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
p P! y P g properly



128

Tae-Dong Jeong, et al.

with bone marrow involvement at diagnosis, it is necessary
to also evaluate the clinical outcome according to the bone
marrow findings.

In the present study, we aimed to determine the cut-off
values of the Ki-67 PI as a prognostic factor in patients
with MCL based on bone marrow findings.

MATERIALS AND METHODS

Study population

We retrospectively reviewed the electronic medical re-
cords of patients who were diagnosed with MCL between
1995 and 2012 at Asan Medcal Center. The records of 89
patients with MCL were reviewed: 56 were included in the
final analysis, and 33 were excluded due to the absence
of Ki-67 PI index data for the tissue biopsies. Diagnoses
of MCL were confirmed by pathological examination of lymph
node biopsies. All 56 patients were treated with conventional
combination chemotherapy as follows:CHOP [cyclophospha-
mide, doxorubicin, vincristine, prednisolone]; R-CHOP
[rituximab-CHOP]; ESHAP [etoposide, methylprednisolone,
cytarabine, cisplatin]; and Hyper-CVAD [Hyper-cyclophos-

Table 1. Baseline characteristics of the study population.

phamide, -vincristine, -doxorubicin, -dexamethasone, plus
methotrexate and cytarabine].

Immunohistochemistry

Immunohistochemical (IHC) staining for Ki-67 (Zymed
Laboratories Inc., San Francisco, CA, USA) was performed
on formalin-fixed paraffin-embedded tissue biopsy samples
(N=56). The Ki-67 PI was calculated as the percentage of
Ki-67-positive tumor cells identified in consecutive IHC
staining assays for cyclin D1 in a representative area of the
tissue biopsy specimen. Two experienced expert pathologists
estimated the Ki-67 PI independently. If there was a differ-
ence in opinion, the Ki-67 PI was determined after discussion.
There were no significant differences in the interpretation
of the Ki-67 PI between the two pathologists. In patients
with leukemic manifestation of MCL, additional Ki-67 IHC
staining using bone marrow specimens (N=16) was performed.

Statistics

To determine the cut-off value for the Ki-67 PI index,
patients were grouped based on Ki-67 PI values (cut-off
points: 10%, 20%, 30%, and 40%) and the associated survival
rates were analyzed. The prognostic relevance of several

Median survival,

95% CI for HR

1 0,
Variable N (%) mo (1Q, 3Q) HR Lower - P

Age (yr)

<60 22 (39.3) 13.1 (4.4, 37.5) Reference

>60 34 (60.7) 14.7 (6.8, 24.9) 1.33 0.33 5.36 0.685
Gender

Female 17 (30.4) 7.5(5.1,17.8) Reference

Male 39 (69.6) 16.8 (7.2, 37.2) 0.89 0.18 4.37 0.889
WBC count (/mm?)

<10,000 48 (85.7) 14.8 (5.2, 38.0) Reference

>10,000 8 (14.3) 8.4 (7.3, 19.5) 1.48 0.17 12.88 0.722
LDH level (1U/L)

<250 28 (50.0) 13.8 (4.7, 40.2) Reference

>250 28 (50.0) 15.4 (6.9, 23.9) 4.26 0.87 20.86 0.074
BM involvement

No 17 (30.4) 17.8 (6.8, 24.9) Reference

Yes 39 (69.6) 11.9 (5.7, 34.1) 1.03 0.26 4.15 0.963
Ki-67 proliferation index (%)

<10 22 (39.3) 16.2 (5.2, 37.0) Reference

11-20 14 (25.0) 14.7 (6.8, 37.5) 0.00 NA NA 0.949

21-30 3(5.4) 12.8 (10.2, 47.8) 0.00 NA NA 0.969

31-40 4 (7.1) 6.4 (3.6, 25.3) 1.94 0.2 18.83 0.566

41-50 4 (7.1) 12.9 (3.5, 31.1) 8.97 1.49 54 0.017

>50 9 (16.1) 16.5 (10.9, 18.1) 3.32 0.54 20.35 0.194
Morphologic variant

Classical 48 (85.7) 14.8 (5.7, 38.0) Reference

Blastoid 6 (10.7) 12.6 (4.3, 16.8) 10.06 1.35 74.79 0.024

Pleomorphic 1(1.8) 11.9 (NA) NA

Marginal zone-like 1(1.8) 7.5 (NA) NA

Abbreviations: 1Q), first quartile; 3Q, third quartile; BM, bone marrow; Cl, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase;

NA, not available; WBC, white blood cells.
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factors, including age, gender, white blood cell (WBC) count,
lactate dehydrogenase (LDH) level, and bone marrow find-
ings, was analyzed using Cox regression analysis. The cut-off
values for the various laboratory tests were determined using
the reference values of the author’s institution (WBC count,
10,000 cells/mm® LDH, 250 IU/L). Clinical outcomes were
compared using relative hazard ratios. Overall survival was
calculated from the day of the initial diagnosis to death
from any other cause or the last follow-up date. The chi-
square test or Fisher’s exact test was used for analysis of
categorical data. The Mann-Whitney U test was used for
analysis of continuous data. The Kaplan-Meier method and
the log-rank test were used for survival curve analysis.
Patients who had bone marrow involvement of MCL were
analyzed separately.

Potential Ki-67 THC staining correlations between the tis-
sue and bone marrow biopsies were analyzed using
Spearman’s rank correlation analysis. Clinical data were ana-
lyzed using SPSS for Windows version 13.0 (SPSS, Chicago,
IL). P<0.05 was considered statistically significant.

RESULTS

Patient demographics are summarized in Table 1. The
median patient age was 63 years (range, 37-82 yr) and the
male to female ratio was 2.3:1. The median follow-up period
was 12.7 months (range, 0.4-76.2 mo).

Thirty-nine (69.6%) of the 56 patients showed bone mar-
row involvement of MCL, and 21 of these patients had leuke-
mic manifestation at the time of diagnosis. The results of
the Ki-67 IHC staining were as follows: <10% for 22 patients,
11-20% for 14 patients, 21-30% for 3 patients, 31-40% for
4 patients, 41-50% for 4 patients, and >50% for 9 patients.
The IHC staining results for cyclin D1 were positive in 50
(89.3%) patients. Conventional cytogenetic analyses, per-
formed in 51 patients, revealed a chromosomal abnormality
in 6 (10.7%) patients who displayed t(11;14)(q13;q32). In
total, 4 of the 56 patients showed a complex karyotype with-
out t(11;14)(q13;q32).

There was no association between clinical outcomes and
age, gender, WBC count, LDH level, or bone marrow findings

of MCL (Table 2). However, we observed a significant differ-
ence in overall survival according to the Ki-67 PI
Specifically, a high Ki-67 PI was associated with poor prog-
nosis. Additionally, blastoid variants of MCL displayed a
higher median Ki-67 PI (50% vs. 15%, P=0.003) and were
associated with a poorer prognosis (15.6 mo vs. 64.9 mo,
P=0.006) than classical MCL.

To determine the prognostic cut-off point for the Ki-67
PI, patients were divided into 2 groups according to Ki-67
PI cut-off values (Tables 3 and 4). At a cut-off value of
20%, significantly different survival curves with mean sur-
vival times of 69.8 months (Ki-67 PI<20%) and 47.9 months
(Ki-67 PI>20%) were obtained, regardless of bone marrow
findings (P=0.034, Fig. 1A). However, for patients with bone
marrow involvement of MCL, the statistically significant
Ki-67 PI cut-off level increased to 30% (P=0.033, Fig. 1B).

An additional 16 bone marrow specimens were subjected
to IHC. The IHC results revealed a positive correlation be-
tween Ki-67 staining patterns and tissue biopsy findings

Table 2. Clinical outcomes of 54 patients with mantle cell
lymphoma according to cytomorphological variant.

Classical Blastoid
Parameters . X P
variants variants
N 48 6
Age >60 yr (%) 30 (62.5) 3(50.0) 0.667"
Male (%) 35(72.9) 4(66.7) 1.000”
WBC >10,000 (%) 6 (12.5) 2(33.3) 0.21 3?
LDH >250 IU/L 25(52.1)  2(33.3) 0.669”
Bone marrow involvement 32 (66.7) 5(83.3) 0.6527
Ki-67 (%)
Median 15 50 0.003"
Range 0-90 40-90
Mean 22 58
95% lower CI for mean 16 41
95% upper CI for mean 29 76
Median survival, mo 14.8 12.6 0.024°

YFisher's exact test, "Mann Whitney U Test, “Cox proportional
hazard model.

Abbreviations: WBC, white blood cell; LDH, lactate dehydro-
genase; Cl, confidence interval.

Table 3. Determination of the cut-off value for the Ki-67 proliferation indices in all patients (N=56).

All patients (N=56)

Cut-off for Ki-67

proliferation index (%) =cut-off e RR for overall 27 (Cl) o [ pa
N N survival Lower Upper
10 22 34 1.51 0.377 6.055 0.560
20 36 20 4.50 1.119 18.112 0.034
30 39 17 6.32 1.567 25.474 0.010
40 43 13 0.17 0.043 0.624 0.008

“Cox proportional hazard model.

Abbreviations: MCL, mantle cell lymphoma; RR, relative hazard ratio; ClI, confidence interval.
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Table 4. Determination of the cut-off value for the Ki-67 proliferation indices in patients with bone marrow involvement of mantle cell

lymphoma (N=39).

Patients with bone marrow involvement of MCL (N=39)

Cut-off for Ki-67

proliferation index (%) =cut-off el RR for overall Pl (Cl o R pa
n n survival Lower Upper
10 24 15 1.40 0.255 7.714 0.697
20 25 14 3.84 0.699 21.086 0.122
30 27 12 6.44 1.163 35.666 0.033
40 30 9 8.09 1.322 49.500 0.024

“Cox proportional hazard model.

Abbreviations: MCL, mantle cell lymphoma; RR, relative hazard ratio; CI, confidence interval.
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Fig. 1. Overall survival according to the Ki-67 proliferation index (PI). (A) A cut-off of 20% reveals significant differences in survival, regardless of
bone marrow findings (N=>56, P =0.034). (B) In patients with bone marrow involvement of mantle cell lymphoma, a cut-off of 30% is statistically

significant (N=39, P=0.033).
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Fig. 2. Comparison of Ki-67 immunohistochemical staining results
between tissue and bone marrow biopsies. A good correlation is
observed between tissue biopsy with a Ki-67 Pl <30% and bone marrow
biopsy results (Spearman’s correlation coefficient=0.559, P =0.024).

(Spearman’s rank correlation coefficient of 0.559, P=0.024,
Fig. 2). In particular, a good correlation was observed be-
tween a tissue biopsy Ki-67 PI <30% and the bone marrow
biopsy results.

DISCUSSION

MCL is associated with rapid progression and high re-
currence rates, resulting in poor long-term outcomes [1].
Several attempts have been made to subdivide patients into
different risk groups; distinct results have been obtained
with various factors, including age, gender, B symptoms,
splenomegaly, hemoglobin levels, WBC counts, and LDH
levels [1, 6, 10-12]. In the present study, age, gender, WBC
count, LDH level, and bone marrow involvement of MCL
were not associated with prognosis of MCL. However, the
blastoid variant of MCL was associated with significantly
poorer clinical outcomes than the classical variant. This is
consistent with previous studies that showed that overall
survival rates decreased in cases with prominent blastoid

Blood Res 2016;51:127-32.
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morphologies [6, 13].

The most well-defined prognostic factors are the PI and
the MCL International Prognostic Index (MIPI) [14]. In addi-
tion, a simplified MIPI and a biological MIPI have been
reported [15]. Some researchers have suggested that the MIPI
and the simplified MIPI may be associated with prognosis
in MCL [14, 15], whereas others have reported no differences
in survival after R-Hyper-CVAD therapy [16]. In the present
study, Eastern Cooperative Oncology Group (ECOG) per-
formance status data was not available for many patients
at the time of the initial MCL diagnosis. Therefore, survival
analysis according to the MIPI could not be performed.

To date, several studies have reported an association be-
tween a high Ki-67 PI and poor prognosis in MCL; in these
studies, the cut-off values for the Ki-67 PI varied from 10%
to 60% [6, 7, 9, 17-20]. The significance of the Ki-67 PI
as a prognostic predictor in patients with MCL was inves-
tigated in a systematic meta-analysis study [21]. Combining
the Ki-67 PI and the MIPI provided additional discriminatory
power in the risk stratification of patients with MCL [15,
22]. Recently, a large cohort study from the European MCL
Network also found that the Ki-67 PI was an independent
prognostic factor in patients with MCL, and that it was
superior to cytology and growth patterns [23]. Our results
showed that a cut-off value of 20% for the Ki-67 PI was
clinically meaningful, irrespective of bone marrow involve-
ment in MCL. In a separate analysis in patients with bone
marrow involvement, the statistically significant cut-off val-
ue increased to 30%. This increase in the cut-off value may
be related to the more aggressive treatment administered
to patients with bone marrow involvement, but further in-
vestigation is needed to confirm this finding.

In clinical laboratories, the manual cell counting method
is generally used to interpret Ki-67 IHC results. Direct count-
ing of 1,000 lymphoma cells has been considered the gold
standard for assessing the Ki-67 PI in prospective randomized
trials carried out by the European MCL Network [24].
However, this method of determination is subjective, and
inter-observer variations are possible in the interpretation
of data [25]. Recently, a more objective measurement techni-
que for the Ki-67 PI was introduced. Schafell er al used
an image analysis system to interpret the Ki-67 IHC staining,
thereby reducing inter-observer variation [25]. Brizova et
al. [26] proposed the precise quantitative measurement of
mRNA using real-time reverse transcription-polymerase
chain reaction to determine the Ki-67 PI. However, these
methods are not yet available in most clinical laboratories,
and more objective measurement techniques for determi-
nation of the Ki-67 PI are necessary to effectively predict
the prognosis of MCL.

Additional THC staining for Ki-67 on bone marrow speci-
mens revealed a significant positive correlation with the
tissue biopsy results. Traditionally, lymphoma is diagnosed
on the basis of excision or needle biopsy of tissue from
affected lymph nodes or organs. However, in clinical practice,
if a tissue biopsy is not possible, a bone marrow study is
helpful for the diagnosis of lymphoma. In our study, THC

staining for Ki-67 in a representative area on bone marrow
specimens was sufficiently informative to determine prog-
nosis in leukemic manifestations of MCL. In particular, a
good correlation with the results of the bone marrow biopsy
was observed in tissue with a Ki-67 PI <30%. Therefore,
Ki-67 THC staining of bone marrow specimens may be em-
ployed to predict prognosis if a tissue biopsy is not available.

There are several limitations in this study. The small num-
ber of patients and the heterogeneous chemotherapy regi-
mens, especially the inclusion or exclusion of rituximab,
are major limitations in assessing the prognostic relevance
of the Ki-67 PI in patients with MCL. In addition, the ECOG
performance status which is a potential clinical prognostic
indicator, as well as a component of the MIPI, could not
be evaluated due to insufficient data. Large-scale and well-de-
signed studies are needed to further elucidate the prognostic
impact of the Ki-67 PI in patients with MCL.

In conclusion, the Ki-67 PI plays an important role in
patients with MCL. Our results indicate that a 20% cut-off
for the Ki-67 PI is clinically meaningful, regardless of bone
marrow involvement of MCL. In addition, the statistically
significant cut-off value increases to 30% in patients with
bone marrow involvement of MCL.
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