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Purpose

I\/Iaﬁtlecell lymphoma (MCL) is a rather aggressive B-cell malignancy whose considerable variability of indi-
vidual outcome is associated with clinical characteristics (Mantle Cell Lymphoma International Prognostic Index
[MIPI]). The Ki-67 index is a strong independent prognostic factor; however, the biologic MIPI (MIPHo) dis-
tinguishes only two groups, which does not appropriately depict the clinical heterogeneity. By using the cohort
from the European MCL Younger and MCL Elderly trials, we aimed to evaluate the additional prognostic impact
of cytology and growth pattern and to improve risk stratification with the Ki-67 index and MIPI.

Patients and Methods

Diagnostic tumor biopsies were reviewed by the European Mantle Cell Lymphoma Pathology Panel
to determine Ki-67 index by using published guidelines, cytology, and growth pattern. We evaluated
prognostic effects for overall survival (OS) by Cox regression. For the cohort used for MIPI-b
development (German Low-Grade Lymphoma Study Group [GLSG] 1996 and GLSG2000), we
checked whether the equally weighted combination of Ki-67 index (dichotomized at the validated
30% cutoff) and MIPI risk groups was adequate and compared the prognostic power of this modified
combination to MIPI and MIPI-b for the MCL Younger/MCL Elderly cohort.

Results

The Ki-67 index was assessed in 508 of 832 patients (median age, 62 years). Blastoid cytology was
associated with inferior OS independently of MIPI but not independently of the Ki-67 index. Growth
pattern was not independently prognostic. The modified combination of the Ki-67 index and MIPI
separated four groups with 5-year OS: 85%, 72%, 43%, and 17% (P < .001) and was more dis-
criminative than MIPI and MIPI-b.

Conclusion

Using the Ki-67 index is superior to using cytology and growth pattern as prognostic factors in MCL.
The modified combination of the Ki-67 index and MIPI showed a refined risk stratification, reflecting
their strong complementary prognostic effects while integrating the most relevant prognostic
factors available in clinical routine.

J Clin Oncol 34:1386-1394. © 2016 by American Society of Clinical Oncology

subtypes. The individual variability of clinical
outcome is associated with clinical or histo-
pathologic characteristics evaluated at diagnosis.

Mantle-cell lymphoma (MCL) typically shows a
rather aggressive clinical course with short
treatment responses and overall survival (0OS)"2
when compared with other B-cell lymphoma

1386 © 2016 by American Society of Clinical Oncology

As the first MCL-specific prognostic index, the
Mantle Cell Lymphoma International Prognostic
Index (MIPI)* integrates age, performance status,
lactate dehydrogenase (LDH) level, and WBC
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count to define three prognostic groups.*® The degree of tumor
cell proliferation has been recognized as a strong biologic prog-
nostic factor in MCL™»""'? in addition to MIPL>>"> With its pub-
lished guideline,'* the European Mantle Cell Lymphoma Pathology
Panel has standardized the immunohistochemical evaluation of the
proliferation marker Ki-67 index for routine application. The
blastoid cytologic variant”'®'> and a diffuse growth pattern’ are
associated with a more aggressive clinical course, but comparative
analyses that include all these histopathologic variables and MIPI are
currently lacking.

Along with the development of MIPI in 2008,” a combined
biologic index (MIPI-b) that integrated MIPI and the Ki-67
index was established by using data from two randomized trials
of the German Low-Grade Lymphoma Study Group (GLSG),
GLSG1996'® and GLSG2000,'" which originally defined three
prognostic groups. Since then, several groups have confirmed the
prognostic value of MIPI-b,*® consistently reporting a small low-
risk group that had outcome overlapping with that of the
intermediate-risk group but clearly separated from the high-risk
group. Therefore, MIPI-b does not adequately reflect the strong
independent prognostic effects of the Ki-67 index and MIPI and
the heterogeneity of clinical outcome.

In 2004, the European Mantle Cell Lymphoma Network
initiated two randomized trials, MCL Younger (NCT00209222;
Efficacy of 6x R-CHOP Followed by Myeloablative Radioche-
motherapy and Autologous Stem Cell Transplantation vs. 3x
R-CHOP/R-DHAP Followed by a High Dose ARA-C Contain-
ing Myeloablative Regimen and Autologous Stem Cell Trans-
plantation)'® and MCL Elderly (NCT00209209; Efficacy of
Maintenance Therapy With Rituximab After Induction Chemo-
therapy [R-CHOP vs. R-FC] for Elderly Patients With Mantle
Cell Lymphoma Not Suitable for Autologous Stem Cell Trans-
plantation)'” for untreated patients with Ann Arbor stage II to IV
MCL that included a central pathology review by the European
Mantle Cell Lymphoma Pathology Panel. By using the pooled data
from these trials of patients treated according to current standards
of care,”® we aimed to evaluate the additional prognostic value of
the routinely available histopathologic characteristics, cytology,
and growth pattern in relation to Ki-67 index and MIPI. Fur-
thermore, we investigated whether a modified combination of the
Ki-67 index and MIPI could refine risk stratification.

Patients

Patients with confirmed MCL who had registered for either the MCL
Younger or MCL Elderly trial were included in this analysis (clinical data
status as of May 2014). In the MCL Younger trial, patients younger than 66
years were randomly assigned to rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) followed by autologous stem cell
transplantation (ASCT) or to alternating R-CHOP and rituximab, dex-
amethasone, high-dose cytarabine, and cisplatin (R-DHAP) followed by
high-dose cytarabine—containing conditioning and ASCT.'® In the MCL
Elderly trial, patients age 60 years or older were randomly assigned to
R-CHOP or to rituximab, fludarabine, and cyclophosphamide; responding
patients were subsequently randomly assigned to maintenance with inter-
feron alfa or rituximab.'® Written informed consent was obtained from each
patient, and the trials were approved by the local institutional review boards.

WWW.jco.org

Histopathologic Assessment

Experienced hematopathologists from the European MCL Pathology
Panel retrospectively evaluated the rate of Ki-67—positive tumor cells
(Ki-67 index), cytology, and growth pattern. Diagnostic tumor samples
from 709 of 832 randomly assigned patients with MCL were collected at the
participating reference pathology laboratories in Germany, France, Bel-
gium, and Italy. The Ki-67 index was manually counted by one pathologist
blinded for clinical outcome among 2 X 100 tumor cells in accordance
with published guidelines'* in 508 patients. The main reasons for missing
Ki-67 index evaluation were insufficient staining (mostly unsuitable fix-
ation) in 94 and unsuitable material (eg, bone marrow trephines) in 74
patients. MCL cytology was ranked as classic, small cell, pleomorphic, or
blastic.>** Growth pattern was ranked as predominantly mantle zone,
greater than 75% nodular (corresponding to less than 25% diffuse), 50% to
75% mnodular (25% to 50% diffuse), 25% to 50% nodular (50% to 75%
diffuse), and less than 25% nodular (greater than 75% diffuse).

Histopathologic Variables and Outcome

The Ki-67 index was analyzed as a continuous variable and was
categorized by using the previously established cutoff values of 10% and
30%.>* One cytologic variant was assigned to each patient according to the
highest ranked variant present in any diagnostic tumor sample from that
patient. Patients with pleomorphic or blastic cytology were combined to
constitute the group of patients with blastoid MCL. A diffuse growth
pattern was assigned to a patient if at least one component with greater
than 50% diffuse growth was present in a diagnostic tumor sample.
Patients with diffuse growth pattern were compared with those with
predominantly mantle-zone or nodular growth. Outcome variables were
OS from trial registration to death as a result of any cause, censored at the
latest follow-up in patients who were still alive, and progression-free
survival (PFS) from start of treatment to progression or death as a
result of any cause, censored at the latest tumor assessment if no pro-
gression was observed.

Statistical Methods

The prognostic value of the histopathologic characteristics for OS
and PFS was first investigated by Kaplan-Meier estimates, log-rank tests,
and univariable Cox regression, and subsequently adjusted for con-
tinuous MIPI score’ in bivariable Cox regression models.”* We per-
formed subgroup analyses according to trial or treatment assignment by
using Cox regression models that included the respective interaction
terms. To identify the independent prognostic factors among quanti-
tative Ki-67 index, cytology (blastoid v nonblastoid), growth pattern
(diffuse v nondiffuse), and the continuous MIPI score,”* we performed
backward elimination using the likelihood ratio statistic with the
selection criterion P <.05; forward stepwise selection was performed for
sensitivity analyses.

For the modified combination of Ki-67 index and MIPI, we estimated
in a Cox model for OS the three regression coefficients (natural logarithm
of the hazard ratios [HRs]) of intermediate-risk versus low-risk MIPI,
high-risk versus intermediate-risk MIPI, and Ki-67 index, dichotomized
using only the previously established®® and validated®'* 30% cutoff level.
An equally weighted combination of MIPI risk groups and dichotomized
Ki-67 index was considered adequate if all pairwise ratios of the three
regression coefficients ranged between 1:2 and 2:1. These analyses were
performed on the cohort previously used for the development of MIPI-b’
(GLSG1996'°/GLSG2000;'7 clinical data status as of July 2013; 246
patients; Data Supplement), as well as in the MCL Younger/MCL Elderly
cohorts. Subsequently, we calculated Kaplan-Meier curves for OS
according to this modified combination of Ki-67 index and MIPI and HRs
between adjacent risk groups. We used Harrell’s c-index for survival data*
to compare the discriminatory prognostic capacity of the modified
combination with MIPI-b and MIPI on OS in the MCL Younger/MCL
Elderly cohorts. Statistical analyses were performed by using SAS 9.2 (SAS
Institute, Cary, NC) and R 3.0.2.

© 2016 by American Society of Clinical Oncology 1387
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Clinical and Histopathologic Characteristics

Patients with Ki-67 index available had a median age of 62
years, and 41% had low-risk, 35% had intermediate-risk, and 24%
had high-risk MIPI (Table 1).° After a median follow-up of 5.7
years, median OS and PFS were 8.5 years (184 events) and 4.2 years
(276 events), respectively. The MIPI risk profile of patients with Ki-
67 index was better compared with patients without Ki-67 index
(32% low-risk, 29% intermediate-risk, 39% high-risk; Table 1),
whereas age, OS, and PFS were similar (Data Supplement). The
median Ki-67 index was 20% (range, 2% to 97%), irrespective of
tissue type (lymphatic or gastrointestinal tissue in 84% or 12% of
patients, respectively). Whereas the Ki-67 index was not correlated
with age, it was correlated with performance status, LDH, and
WBC. Consequently, patients with low- or intermediate-risk MIPI
had lower median Ki-67 index (19% each) compared with patients
with high-risk MIPI (27%).

Among 620 patients with known cytology, 88% had classic,
10% blastoid (7% pleomorphic, 3% blastic), and 2% small-cell
MCL. Patients with blastoid MCL had comparable age, per-
formance status, and WBC but higher LDH and MIPI compared
with patients with classic or small-cell MCL (23% v 42% low-risk
and 40% v 25% high-risk MIPI). Median Ki-67 index was sub-
stantially higher in pleomorphic (39%) or blastic MCL (80%)
compared with classic or small-cell MCL (19%).

Among 475 patients for whom growth pattern was assessed,
11% had predominantly mantle-zone, 27% nodular, and 63%
diffuse growth. Patients with diffuse growth pattern were older and
had higher MIPI compared with patients with nodular/mantle-zone
growth pattern (37% v 49% low-risk and 30% v 19% high-risk
MIPI). Median Ki-67 index was similar in diffuse (21%) or non-
diffuse MCL (20%), whereas diffuse growth was more frequently
seen in blastoid MCL (75%) than in classic or small-cell MCL (62%).

Prognostic Relevance of Ki-67 Index, Cytology, and
Growth Pattern

A higher Ki-67 index was associated with shorter OS
(HR, 1.24 for a 10% increase; P < .001) and PFS (HR, 1.17;
P <.001; Table 2, Model 1A), independent of MIPI score (adjusted
HR: OS, 1.16; P <.001; PFS: 1.10; P <.001, Table 2, Model 1B).
The prognostic effect of the Ki-67 index was comparable in MCL
Younger and MCL Elderly trials and independent of induction
treatment (Table 2, Model 1C and Data Supplement). In particular,
the Ki-67 index retained its prognostic effect in the MCL Younger
treatment arm that contained high-dose cytarabine. Patients with
Ki-67 index less than 10% had similar OS (5-year rate, 73%)
compared with patients with Ki-67 index = 10% but less than 30%
(5-year rate, 75%), whereas patients with Ki-67 index = 30% had
substantially worse OS (41%; P <.001; Fig 1). Similar results were
seen for PFS (Data Supplement). The explorative evaluation of
further cutoffs revealed that patients with Ki-67 index below 10%,
between 10% and 20%, and between 20% and 30% had over-
lapping favorable OS, and patients with Ki-67 index between 40%
and 50% and 50% or more had comparable unfavorable OS (Data
Supplement).

Patients with blastoid MCL had shorter OS (5-year rate, 35%;
HR, 2.35; P <.001; Fig 1) and PES (29%; HR, 1.58; P = .007; Data
Supplement) compared with patients with nonblastoid MCL (OS,
68%; PFS, 44%), independently of MIPI score for OS (adjusted
HR, 1.91; P <.001) but not for PFS (adjusted HR, 1.29; P = .14;
Table 2, Models 2A and 2B). Diffuse growth pattern was associated
with slightly shorter OS (5-year rates, 61% v 72%; HR, 1.38;
P =.048; Fig 1) and PFS (38% v 49%; HR, 1.25; P = .087; Table 2,
Model 3A, and Data Supplement). The prognostic value of growth
pattern was largely explained by MIPI score (OS: adjusted HR,
1.16; P = .38; PFS: adjusted HR, 1.12; P = .37; Table 2, Model 3B).

Multivariable Cox regression showed that the prognostic
effect of cytology was largely explained by the Ki-67 index (OS:
adjusted HR, 1.44; P = .11; PFS: adjusted HR, 1.34; P = .14; Table 2,

Table 1. Clinical Baseline Characteristics of Patients With and Without Available Ki-67 Index
With Ki-67 Index Without Ki-67 Index
(n = 508) (n = 324)

Characteristic % or Median No. or Range % or Median No. or Range P
MCL Younger trial 52% 266 55% 178 48
Age, years 62 30-83 63 33-87 .091
Male 77% 391 75% 243 .56
Ann Arbor stage .023

| 0% 1 0% 1

Il 6% 28 2% 8

1l 15% 75 10% 34

v 80% 404 87% 281
ECOG PS2to 4 6% 31 6% 18 .88
LDH/ULN 0.90 0.31-12.2 0.96 0.29-11.3 .013
Elevated LDH 36% 183 44% 144 .016
WBC (g/L) 7.2 1.1-335 8.4 1.1-396 < .001
MIPI < .001

Low risk 41% 208 32% 103

Intermediate risk 35% 180 29% 94

High risk 24% 120 39% 127
MIPI score 5.82 4.21-8.68 6.02 4.07-8.25 < .001
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status®®; LDH, lactate dehydrogenase; MCL, mantle-cell lymphoma; MIPI, Mantle Cell

Lymphoma International Prognostic Index; ULN, upper limit of normal.

1388 © 2016 by American Society of Clinical Oncology
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Table 2. Results of Cox Regression Analyses for OS and PFS, Including Ki-67 Index, Cytology, and/or Growth Pattern
Model Variable OS HR (95% ClI) P PFS HR (95% CI) P
1A Ki-67 index (10% increase) 1.24 (1.17 t0 1.32) < .001 1.17 (1.11 to 1.23) < .001
1B Ki-67 index (10% increase) 1.16 (1.09 to 1.24) < .001 1.10 (1.04 to 1.17) < .001
1C Ki-67 index (10% increase) 1.22 (1.15 to 1.30) < .001 1.15 (1.10 to 1.22) < .001
2A Blastoid MCL 2.35 (1.65 to 3.35) < .001 1.58 (1.13 to 2.20) .007
2B Blastoid MCL 1.91 (1.34 t0 2.72) < .001 1.29 (0.92 to 1.80) 14
3A Diffuse growth 1.38 (1.003 to 1.91) .048 1.25 (0.97 to 1.61) .087
3B Diffuse growth 1.16 (0.84 to 1.60) .38 1.12 (0.87 to 1.45) .37
4A Ki-67 index (10% increase) 1.22 (1.13 to 1.31) < .001 1.14 (1.07 to 1.22) < .001
Blastoid MCL 1.44 (0.92 to 2.26) 1 1.34 (0.90 to 1.98) 14
4B Ki-67 index (10% increase) 1.12 (1.04 to 1.22) .003 1.07 (1.002 to 1.15) .043
Blastoid MCL 1.46 (0.94 to 2.29) .095 1.30 (0.88 to 1.93) .18
5A Ki-67 index (10% increase) 1.27 (1.19 to 1.36) < .001 1.18 (1.11 to 1.26) < .001
Diffuse growth 1.22 (0.85 to 1.75) .28 1.13 (0.84 to 1.51) A2
5B Ki-67 index (10% increase) 1.17 (1.08 to 1.27) < .001 1.10 (1.02 to 1.18) .014
Diffuse growth 0.99 (0.68 to 1.45) .97 1.02 (0.76 to 1.38) .87
6A Blastoid MCL 2.21 (1.43 to 3.41) < .001 1.57 (1.05 to 2.35) .027
Diffuse growth 1.33 (0.92 to 1.91) 13 1.21 (0.90 to 1.62) .20
6B Blastoid MCL 1.69 (1.09 to 2.62) .020 1.25 (0.83 to 1.87) .29
Diffuse growth 1.06 (0.73 to 1.53) 77 1.06 (0.79 to 1.42) 72
7A Ki-67 index (10% increase) 1.26 (1.15 to 1.37) < .001 1.18 (1.10 to 1.27) < .001
Blastoid MCL 1.13 (0.67 to 1.92) .64 1.02 (0.65 to 1.63) .92
Diffuse growth 1.21 (0.84 to 1.74) 31 1.12 (0.83 to 1.50) 46
7B Ki-67 index (10% increase) 1.15 (1.05 to 1.26) .003 1.09 (1.004 to 1.18) .039
Blastoid MCL 1.20 (0.72 to 1.99) .48 1.04 (0.66 to 1.63) .86
Diffuse growth 0.97 (0.67 to 1.43) .89 1.00 (0.74 to 1.36) .98
NOTE. Models 1B, 2B, 3B, 4B, 5B, 6B, and 7B additionally included the Mantle Cell Lymphoma International Prognostic Index (MIPI) score. Model 1C adjusted for age,
sex, study, and treatment arm. The event numbers were 184 (overall survival [OS]) and 276 (progression-free survival [PFS]) among 508 patients for models 1A, 1B, and
1C, 230 (OS) and 350 (PFS) among 620 patients for models 2A and 2B, 172 (OS) and 267 (PFS) among 475 patients for models 3A and 3B, 164 (OS) and 246 (PFS) among
427 patients for models 4A and 4B, 137 (OS) and 201 (PFS) among 358 patients for models 5A and 5B, and 136 (OS) and 200 (PFS) among 356 patients for models 6A, 6B,
7A, and 7B. HR, hazard ratio; MCL, mantle-cell lymphoma.

model 4A), with similar results after additional adjustment for
MIPI score (Table 2, model 4B). Patients with Ki-67 index = 30%
had inferior outcome compared with patients with Ki-67 index less
than 30% in both blastoid and nonblastoid MCL (Fig 1 and Data
Supplement). Growth pattern was not prognostic for OS or PFS in
any multivariable Cox regression model that also included Ki-67
index, cytology, or MIPI (Table 2, models 5 to 7). Variable selection
consistently identified Ki-67 index and MIPI score as the inde-
pendent prognostic factors.

Modified Combination of Ki-67 Index and MIPI/

In the GLSG1996/GLSG2000 cohort, multivariable Cox
regression for OS (172 events), including MIPI and binary Ki-67
index, estimated regression coefficients (log-HRs) of 0.58 (P <.001)
for intermediate- versus low-risk MIPI, 0.93 (P < .001) for high-
versus intermediate-risk MIPI, and 0.73 (P <.001) for high (= 30%)
versus low Ki-67 index, with no interaction between MIPI and Ki-67
index (interaction P = .31). The equally weighted combination of
MIPI risk groups and binary Ki-67 index (termed combined MIPI
[MIPI-c]; Table 3) defined four prognostic groups of low, low-
intermediate, high-intermediate, and high risk that included 44%,
34%, 16%, and 5% of patients with median OS of 9.4, 4.9, 3.2, and
1.8 years (Fig 2A). The HRs for adjacent risk groups (low-
intermediate v low, high-intermediate v low-intermediate, and
high v high-intermediate) were 2.0 (95% CI, 1.4 t0 2.9), 2.3 (95% CI,
1.5 to 3.5), and 1.7 (95% CI, 0.9 to 3.3), respectively.

Similarly, in the MCL Younger/MCL Elderly cohorts, the
regression coefficient of intermediate- versus low-risk MIPI was

WWW.jco.org

0.76 (P <.001), similar to high- versus intermediate- risk MIPI of
0.76 (P <.001), and high Ki-67 index of 0.92 (P <.001). MIPI-c
defined four prognostic groups that included 32%, 34%, 23%, and
11% of patients (Table 3) with 5-year OS rates of 85%, 72%, 43%,
and 17% (Fig 2B) and HRs of 2.3 (95% CI, 1.4 to 3.7), 2.2 (95% ClI,
1.6 to 3.2), and 2.2 (95% CI, 1.5 to 3.3) for adjacent risk groups.
Similar results were seen for PFS (Data Supplement). MIPI-c
showed improved discriminative power (c-index for OS, 0.707)
compared to MIPI-b (0.691) similar to MIPI-b compared to MIPI
(0.671). Among patients with intermediate risk according to MIPI-b,
the MIPI-c separated a group with prolonged OS; among high-risk
MIPI-b patients, MIPI-c discriminated a group with substantially
shorter OS (Data Supplement). The prognostic effect of MIPI-c was
seen in patients younger than age 65 years (Fig 3A and Data
Supplement) and 65 years and older (Fig 3B and Data Supplement),
as well as in patients treated with the pretrials standards (control
arms; Fig 3C) or the trials’ superior treatment arms (Fig 3D).

This is the largest investigation of histopathologic prognostic
features in MCL so far. All patients were treated in prospective trials
according to current clinical guidelines.”” In a comparative eval-
uation, growth pattern showed only minor prognostic relevance
that was not independent of the Ki-67 index, cytology, or MIPL
These results confirm previous studies which did not find a
univariable prognostic value of growth pattern,”'" did not report

© 2016 by American Society of Clinical Oncology 1389

Downloaded from ascopubs.org by 86.83.180.65 on November 22, 2019 from 086.083.180.065
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.


http://www.jco.org

Hoster et al

A Ki-67 index B Cytology
1.0 =
0.9 A
0.8
0.7
= =
= = 0.6 1
Qo °Q
© o 0.5
Qo e}
= © 0.4
o o
0.3
0.2 = < 10%, median not reached 0.2 1 . .
P<.001 10% to < 30%, median not reached P<.001 = Nonblastoid, median = 8.5
0.1 —— >30%, median = 3.4 0.1 4 Blastoid, median = 2.6
T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Years From Registration Years From Registration
No. at risk No. at risk
<10% 95 8 75 73 55 45 31 17 3 0 Nonblastoid 558 483 416 370 293 219 153 89 22 3 0
10%to <30% 261 232 207 177 143 108 73 49 16 2 Blastoid 62 47 33 27 17 13 9 7 0
>30% 152 116 83 71 52 42 31 17 4 1
C Growth pattern D Ki-67 index: nonblastoid
1.0 -i= 1.0 =
0.9 0.9
0.8 0.8
> 0.7 > 0.7
= 06 = 06
o) o)
@ 0.5 @ 0.5
Q2 °
© 0.4 © 0.4 -
o o
0.3 A 0.3 A
0.2 . i 0.2 .
P = .0466 === Nondiffuse, median not reached P<.001 === < 30%, median not reached
0.1 1 Diffuse, median = 7.8 0.1 >30%, median = 5.0
T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Years From Registration Years From Registration
No. at risk No. at risk
Nondiffuse 178 158 136 123 96 75 47 24 6 0 <30% 279 252 226 200 163 131 92 58 17 2 0
Diffuse 297 244 206 183 140 107 79 45 1 1 0 >30% 94 73 53 49 41 36 27 14 4 1 0
E Ki-67 index: blastoid
1.0
0.9
0.8 A
> 0.7
= 0.6
Q0
© 0.5
Qo0
S 0.4
o
0.3
0.2
01 P=.0111 = < 30%, median not reached
: >30%, median = 1.9
0 1 2 3 4 5 6 7 8 9 10
Years From Registration
No. at risk
<30% 6 14 11 10 7 6 5 5 0
>30% 38 26 17 13 7 5 3 2 0

Fig 1. Overall survival according to (A) Ki-67 index using the previously established cutoff values of 10% and 30%, (B) blastoid versus nonblastoid cytology, (C) diffuse
versus nondiffuse growth pattern, and Ki-67 index (< 30% v = 30%) among patients with (D) nonblastoid cytology or (E) blastoid cytology.

1390

© 2016 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from ascopubs.org by 86.83.180.65 on November 22, 2019 from 086.083.180.065
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



Ki-67 Index in Mantle-Cell Lymphoma

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

MIPI-c Risk Group MIPI Risk Group Ki-67 index European
(sum of weights) (weight in MIPI-c) (weight in MIPI-c) GLSG (n=246) MCL (n=508)
Low (0) Low (0) <30% (0) 44% 32%
Low-Intermediate (1) 34% 34%
Low (0) =30% (1) 5% 9%
Intermediate (1) <30% (0) 29% 25%
High-Intermediate (2) 16% 23%
Intermediate (1) =30% (1) 6% 10%
High (2) <30% (0) 10% 13%
High (3) High (2) =30% (1) 5% 1%

NOTE. A Web-based calculator for MIPI and MIPI-c is available at http://www.european-mcl.net/en/clinical_mipi.php.

combined Ki-67 index and Mantle Cell Lymphoma International Prognostic Index.

Abbreviations: GLSG, German Low-Grade Lymphoma Study Group; MCL, mantle-cell lymphoma; MIPI, Mantle Cell Lymphoma International Prognostic Index; MIPI-c,

multivariable analyses that included growth pattern,” or combined
growth pattern with cytology into one category.'’

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

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

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

We confirm the prognostic value of the previously validated
30% cutoff value for the Ki-67 index,? consistent with the results
from a large population-based cohort.® The 10% cutoff was not
confirmed to be relevant, and within the groups of patients with
Ki-67 index less than 30%, the quantitative level of Ki-67 index did
not provide further prognostic information. Therefore, the
assumption of a linear association of the Ki-67 index with OS does
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Fig 2. Overall survival according to the modified combination of Ki-67 index and Mantle Cell Lymphoma International Prognostic Index (MIPI) termed combined MIPI
(MIPI-c) in (A) the GLSG1996/GLSG2000 cohort and (B) the European MCL Younger/MCL Elderly cohort. Patients with low-risk MIPI-c (L) had low-risk MIPI and Ki-67 index
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Fig 3. Overall survival according to MIPI-c (combination of Ki-67 index and Mantle Cell Lymphoma International Prognostic Index [MIPI]) stratified by age or treatment
group. (A) Patients younger than age 65 years; (B) patients age 65 years or older; (C) patients treated according to the pretrials standards (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone [R-CHOP] followed by autologous stem-cell transplantation or interferon maintenance; control arms); (D) patients of the superior
treatment arms (R-CHOP alternating with rituximab, dexamethasone, high-dose cytarabine, and cisplatin followed by autologous stem-cell transplantation or R-CHOP
followed by rituximab maintenance). H, high risk; HI, high-intermediate risk; L, low risk; LI, low-intermediate risk.

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

1392 © 2016 by American Society of Clinical Oncology

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

Recently, other biologic markers have been combined with
MIPI. In a report on 92 younger patients, MIPI was combined with
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p53 expression by immunohistochemistry to define risk groups
with distinct OS and event-free survival.”® In the same cohort,
the expression level of the microRNA miR-18b was additionally
prognostic to MIPI-b.”> Furthermore, in an evaluation of 213
heterogeneously treated patients, the expression of two microRNAs
and the Ki-67 index were similarly prognostic, and combining
microRNAs with the Ki-67 index or MIPI-b defined patient groups
with different OS.*® These biologic markers are promising but
are not currently part of routine diagnostic assessment. Future
research will hopefully allow more biologic markers to be included
for routine risk stratification.

Although high-dose treatment is generally limited by older
patient age, we observed that the prognostic effect of the Ki-67 index
was similar in patients treated with or without ASCT. Furthermore,
the modified combination of Ki-67 index and MIPI largely separated
prognostic groups among younger patients mostly treated with
ASCT and older patients treated without, emphasizing its broad
applicability. Because of the retrospective nature of our study,
histopathologic characteristics were not available for all patients for
reasons generally avoidable even in clinical routine. However,
sensitivity analyses with multiple imputation of missing histo-
pathologic variables consistently confirmed the results obtained with

prognostic markers. The modified combination of Ki-67 index and
MIPI integrates the most important clinical and biologic markers
currently available in clinical routine and was shown to allow a
simple and powerful risk stratification superior to MIPI and MIPI-
b in our evaluation. Future studies are needed to validate these
results, particularly in patient cohorts that received novel ther-
apeutic regimens. Our results also show that the currently applied
treatment strategies have not overcome established prognostic
factors, emphasizing the need for new treatment approaches.
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In summary, our results suggest that the Ki-67 index is a better
prognostic factor than cytology and growth pattern in MCL and
should be used together with MIPI as a benchmark for new
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