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A B S T R A C T

Purpose
Mantle-cell lymphoma (MCL) is a distinct B-cell ymphoma associated with poor outcome. In 2008,

the MCL International Prognostic Index (MIPI) was developed as the first prognostic stratification
tool specifically directed to patients with MCL. External validation was planned to be performed on
the cohort of the two recently completed randomized trials of the European MCL Network.

Patients and Methods
Data of 958 patients with MCL (median age, 65 years; range, 32 to 87 years) treated upfront in the

trials MCL Younger or MCL Elderly were pooled to assess the prognostic value of MIPI with
respect to overall survival (OS) and time to treatment failure (TTF).

Results

Five-year OS rates in MIPI low, intermediate, and high-risk groups were 83%, 63%, and 34%,
respectively. The hazard ratios for OS of intermediate versus low and high versus intermediate risk
patients were 2.1 (95% CI, 1.5 to 2.9) and 2.6 (2.0 to 3.3), respectively. MIPI was similarly
prognostic for TTF. All four clinical baseline characteristics constituting the MIPI, age, performance
status, lactate dehydrogenase level, and WBC count, were confirmed as independent prognostic
factors for OS and TTF. The validity of MIPI was independent of trial cohort and treatment strategy.

Conclusion

MIPI was prospectively validated in a large MCL patient cohort homogenously treated according
to recognized standards. As reflected in current guidelines, MIPI represents a generally applicable
prognostic tool to be used in research as well as in clinical routine, and it can help to develop
risk-adapted treatment strategies to further improve clinical outcome in MCL.

J Clin Oncol 32. © 2014 by American Society of Clinical Oncology

In 2008, the MCL International Prognostic In-
dex (MIPI)° was developed to identify clinical prog-

Since 1994, mantle-cell lymphoma (MCL) has
been recognized worldwide as a distinct subtype
of malignant B-cell lymphoma in the Revised
European-American Lymphoma classification,’
now incorporated in the current WHO classifica-
tion.” The introduction of cyclin D1 in immuno-
histochemistry has facilitated accurate histological
diagnosis. With an age-adjusted incidence of ap-
proximately 0.6 per 100,000 person-years and ac-
counting for approximately 3% of non-Hodgkin
lymphomas in the United States,” MCL is rela-
tively rare. Although the prognosis has improved
during the last decades,* MCL remains incurable,
with a relatively short survival compared with
follicular lymphoma.

nostic factors and patient risk groups with different
courses of disease. As the first prognostic index spe-
cific for MCL, it was derived from data of more than
400 patients with MCL, treated in randomized trials
of the German Low-Grade Lymphoma Study
Group and the European MCL Network. Along
with model development, internal bootstrap valida-
tion had been performed, and external validation
was planned to be done by using pooled data of the
recently completed trials of the European MCL Net-
work, MCL Younger®” (NCT00209222) and MCL
Elderly® (NCT00209209). After randomization was
stopped in these trials, we investigated the prognos-
tic value of MIPI in this large independent prospec-
tive patient cohort.
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Patients

Previously untreated adult patients qualified for the trials if they had
histologically confirmed MCL of Ann Arbor stages II to IV and an Eastern
Cooperative Oncology Group performance status (ECOG PS)° up to 2. His-
tological diagnosis was centrally reviewed by the European MCL Pathology
Panel. In MCL Younger, patients up to 65 years suitable for high-dose treat-
ment received six cycles induction therapy with rituximab plus cyclophospha-
mide, doxorubicin, vincristine, and prednisone (R-CHOP) or alternating
R-CHOP and rituximab plus dexamethasone, cytarabine, and cisplatin (R-
DHAP), followed by high-dose radiochemotherapy and peripheral-blood
stem-cell transplantation in remission.® In MCL Elderly, treatment for pa-
tients older than 60 years not suitable for high-dose therapy consisted of eight
cycles of R-CHOP or six cycles of rituximab plus fludarabine and cyclophos-
phamide, followed by maintenance with rituximab or interferon-alfa in remis-
sion.® Both trials were performed in accordance with the declaration of
Helsinki, and all patients had given written informed consent.

MIPI and Outcome Parameters

MIPI score was calculated as the weighted sum of the baseline values for
the MIPI factors, age, ECOG PS, lactate dehydrogenase (LDH) activity as
quotient to the upper limit of normal, and WBC count per 10~ °L, according to
the following formula:

MIPI score = 0.03535 X age (years) + 0.6978 (if ECOG PS
> 1, otherwise 0) + 1.367 X log,((LDH/upper limit of
normal) + 0.9393 X log,,(WBC count per 107°L).’

Patients with MIPI score < 5.70 were classified as low risk (LR), patients
with MIPI score = 5.70 but < 6.20 as intermediate risk (IR), and patients with
MIPI score = 6.20 as high risk (HR).’

In addition, we calculated the simplified MIPI (s-MIPI; Data Supple-
ment),” which had been developed as a surrogate for MIPI to allow a bedside
application when a calculator is not available, and the biologic MIPI (MIPI-
b),” which combines the MIPI score with the rate of proliferating tumor cells
(protein encoded by the MKI76 gene [Ki-67] index). The Ki-67 index had been
assessed on diagnostic tumor biopsies by the European MCL Pathology Panel
according to its published guideline.'

For the present evaluation, the primary outcome parameter was
overall survival (OS) from trial registration to death from any cause,
censored at the latest follow-up if patients were alive. Secondary outcome
parameters were complete remission (CR) and overall response rates
(ORRs)!! after induction, and time to treatment failure (TTF) from treat-
ment start to nonresponse, progression, or death from any cause, censored
at the latest tumor assessment if progression was excluded. The date of
nonresponse was the last day of induction.

Statistical Methods

A minimum number of 40 events was necessary'? to detect survival
differences with hazard ratios of 1.90 for IR versus LR and 2.44 for HR versus
IR, as observed in the original data set,” with 95% probability by a three-group
comparison with the log-rank test at a significance level of 5%. To detect
smaller hazard ratios (1.5 and 2.0, respectively), 76 events were needed. OS and
TTF, stratified according to MIPI, s-MIPI, or MIPI-b, were described with
Kaplan-Meier estimates and compared by log-rank tests. Cox regression was
used to assess hazard ratios between risk groups with 95% CIs and the prog-
nostic impact of MIPI score, MIPI factors, and Ki-67 index. Cumulative
incidence rates (CIRs) of nonresponse or progression, treating death without
progression as competing event, were calculated and compared by Gray’s
test.'”> We used the c-index'* to compare the prognostic discrimination of
MIPI, s-MIPI, and MIPI-b. We additionally performed analyses stratified
according to trials, treatment, or age groups. Reported P values are two-sided.
For external validation, we selected patients with MCL of advanced stages IIT or
IV asin the original data set.” By including patients of all stages, we explored the
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additional prognostic value of advanced stage. The concordance of MIPI and
s-MIPI was assessed by weighted kappa.'®

Patient Cohort

Of 1,057 patients randomly assigned in MCL Younger and MCL
Elderly from January 2004 to October 2010, 41 (4%) did not have
MCL after pathology review, and 7 (1%) had no follow-up. Four
patients had stage I and 47 patients had stage II disease, resulting in 958
patients included in the validation cohort (Data Supplement).

Median age was 65 years (range, 32 to 87 years), 74% were male,
87% had Ann Arbor stage IV, 39% B-symptoms, 7% ECOG PS 2,42%
elevated LDH, and median WBC count was 7.7 per 10~ °L (Table 1).
After a median observation time of 4 years, 316 patients had died,
reflected in a 5-year OS of 61%; 474 patients had experienced a treat-
ment failure resulting in a 5-year TTF of 40%.

MIPI and OS

According to MIPI, 33% of patients were classified as LR, 32% as
IR, and 35% as HR. In the LR, IR, and HR groups, 5-year OS rates were
83%, 63%, and 34%, respectively (P <.001; Fig 1A). The hazard ratios
of IR versus LR and HR versus IR patients were 2.1 (95% CI, 1.5 t0 2.9;
P < .001) and 2.6 (2.0 to 3.3; P < .001). All MIPI factors revealed
independent prognostic impact with hazard ratios 1.6 for a 10-year
increase of age, 1.9 for ECOG PS 2, 2.0 for twofold LDH, and 1.9 for
10-fold WBC count (Table 2).

MIPI and TTF

Five-year TTF rates in LR, IR, and HR groups were 59%, 37%,
and 22%, respectively (P < .001; Fig 1B). We estimated hazard ratios
of 1.6 (1.3 to 2.1; P < .001) for IR versus LR, and 2.1 (1.7 to 2.5; P <
.001) for HR versus IR groups. All MIPI factors revealed independent
prognostic impact on TTF with hazard ratios 1.5 for a 10-year increase
of age, 2.1 for ECOG PS 2, 1.7 for twofold LDH, and 1.4 for 10-fold
WBC count (Table 2). The 5-year CIR of nonresponse or progression
was 35%, 56%, and 62% for MIPI LR, IR, and HR patients, respec-
tively (P < .001; Data Supplement). In MIPI LR, IR, and HR groups,
ORRs were 94%, 89%, and 75%, respectively (P < .001; Table 3). CR
rates were comparable in MIPI LR and IR groups (50% and 51%), but
lower in the HR group (40%; P = .014).

MIPI and Trial Cohort

Patients of MCL Younger were younger, had better performance
status, and lower LDH, but similar WBC count compared with MCL
Elderly patients (Table 1). Consequently, MCL Younger patients had a
more favorable MIPI risk profile (61% LR, 24% IR, and 14% HR)
compared with MCL Elderly patients (8% LR, 39% IR, and 53% HR).

Among MCL Younger patients, 5-year OS rates according to
MIPI were 84%, 58%, and 40% (P < .001; Fig 1C), respectively, and
hazard ratios for IR versus LR and HR versus IR were 2.7 (1.8 to 4.2)
and 1.7 (1.1 to 2.7), respectively. Five-year TTF rates according to
MIPI were 60%, 34%, and 34%, respectively, with a median TTF of
6.3,3.7,and 2.1 years, respectively (P < .001; Fig 1D). All MIPI factors
but performance status had independent effects on OS and TTF
among MCL Younger patients (Table 2). In MIPI LR, IR, and HR
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Confirmation of the MIPI

Table 1. Patient Demographics and Clinical Characteristics
Pooled Trials MCL Younger MCL Elderly
(n = 958) (n = 454; 47%) (n = 504; 53%)
Characteristic No. % No. % No. % P
Age (years) < .001
Median 65 55 70
Range 32-87 32-66 60-87
Male 710 74 358 79 352 70 .001
Stage IV 837 87 392 86 445 88 .38
B-symptoms 371 39 174 38 197 39 .84
ECOG PS 2 63 7 20 4 43 9 .013
Elevated LDH 399 42 170 37 229 45 .013
LDH/ULN .010
Median 0.94 0.92 0.97
Range 0.29-12.2 0.29-12.2 0.29-11.3
WBC count (10%/L) 20
Median 7.7 7.6 7.9
Range 1.1-396 1.1-388 1.1-396
MIPI
LR 318 33 279 61 39 8 <.001
IR 307 32 110 24 197 39
HR 333 35 65 14 268 53
MIPI score <.001
Median 5.97 5.69 6.23
Range 4.07-8.68 4.07-8.68 4.97-8.52
s-MIPI
LR 308 32 243 54 65 13 <.001
IR 345 36 134 30 211 42
HR 305 32 77 17 228 45
Ki-67 index (%)t .38
Median 20 20 20
Range 2-97 2-97 2-91
MIPI-b
LR 76 16 76 31 0 0 <.001
IR 214 46 116 47 98 44
HR 180 38 57 23 123 56
MIPI-b score <.001
Median 6.30 5.94 6.56
Range 4.94-10.53 4.94-10.53 5.75-9.54
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status®; HR, high risk; IR, intermediate risk; Ki-67, protein encoded by the MKI76 gene; LDH, lactate
dehydrogenase; LR, low risk; MCL, mantle-cell lymphoma; MIPI, MCL International Prognostic Index; MIPI-b, biologic MIPI; s-MIPI, simplified MIPI; ULN, upper limit of normal.
“P value for the comparison of MCL Younger and MCL Elderly.
1Ki-67 index evaluated on 470 samples: MCL Younger, 249; MCL Elderly, 221.

groups, ORRs were 94%, 90%, and 83%, respectively, (P = .014), and
CR rates were 48%, 45%, and 38%, respectively (P = .38; Table 3).

In MCL Elderly, 5-year OS rates according to MIPI were 76%, 66%,
and 32%, respectively, (P < .001; Fig 1E), and hazard ratios for IR versus
LR and HR versus IR were 1.1 (0.5t0 2.3) and 3.1 (2.2 to 4.3), respectively.
Five-year TTF rates according to MIPI were 49%, 40%, and 19%, respec-
tively (P < .001; Fig 1F); ORRs were 95%, 89%, and 73%, respectively
(P <.001);and CR rates were 62%, 54%, and 41%, respectively (P = .003;
Table 3). MIPI score and all four MIPI factors were highly prognostic for
OS and TTF also among MCL Elderly patients (Table 2). Similarly, we
confirmed the prognostic value of MIPI in age groups younger than or
older than 60 years (Data Supplement).

MIPI and Treatment

The results of MCL Elderly® have led to the conclusion that
R-CHOP followed by rituximab maintenance should be the new
standard for patients with MCL not eligible for high-dose treatment,

Wwww.jco.org

whereas in MCL Younger, the introduction of high-dose cytarabine
into induction and high-dose treatment has shown a prolongation of
TTF,® and, potentially, OS.” Therefore, we investigated the prognostic
value of MIPI in two subcohorts pooled from both trials representing
the pretrials standards (R-CHOP followed by autologous stem-cell
transplantation [ASCT] or interferon-alfa maintenance), and the su-
perior treatment arms (R-CHOP/R-DHAP alternating followed by
ASCT or R-CHOP followed by rituximab maintenance), respectively.

In patients treated according to the pretrials standards, MIPI groups
revealed different OS (Fig 2A) and TTF (Fig 2B). Among patients pooled
from the trials’ superior treatment arms, MIPI again separated LR, IR, and
HR groups with regards to OS (Fig 2C) and TTF (Fig 2D).

MIPI-b

The median Ki-67 index, counted on diagnostic biopsies of
470 patients with MCL, was 20% (2% to 97%). The Ki-67 index
was prognostic for OS in univariable analysis and adjusted for
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Fig 1. Overall survival (OS) and time to treatment failure (TTF) according to the Mantle-Cell Lymphoma (MCL) International Prognostic Index (MIPI) in pooled trials and stratified by
trial cohort. (A) OS in pooled trials (54, 88, and 174 events in low risk [LR], intermediate risk [IR], and high risk [HR] groups, respectively). (B) TTF in pooled trials (115, 140, and 219
events, respectively). (C) OS in MCL Younger (45, 41, and 31 events, respectively), (D) TTF in MCL Younger (99, 57, and 38 events, respectively), (E) OS in MCL Elderly (9, 47, and
143 events, respectively), and (F) TTF in MCL Elderly (16, 83, and 181 events, respectively). The interaction P values of MIPI risk groups and trial cohort were .041 for OS and .051

for TTF.

MIPI score (adjusted hazard ratio, 1.15; 95% CI, 1.08 to 1.24;
P < .001; Data Supplement).

According to MIPI-b, 16% of 470 patients were classified as LR,
46% as IR, and 38% as HR (Table 1). OS was comparable in patients
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with LR or IR according to MIPI-b (5-year OS 81% and 83%, respec-
tively), but markedly different to HR patients (5-year OS, 37%; overall
P <.001; Fig 3A). The separation of the HR group was consistently
seen in MCL Younger (Fig 3B) and MCL Elderly (Fig 3C) and for TTF
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Confirmation of the MIPI

Table 2. Cox Regression Analyses for Overall Survival and Time to Treatment Failure Including MIPI Factors or MIPI Score

Pooled Trials MCL Younger MCL Elderly
Hazard Hazard Hazard
Variable Beta Ratio 95% ClI P Ratio 95% Cl P Ratio 95% Cl P

OS, MIPI factors

Age, years (+1) 0.04581 1.05 1.03 to 1.06 <.001 1.03 1.003 to 1.06 .030 1.07 1.04t01.10 <.001

ECOG PS (2 v 0/1) 0.6585 1.93 1.35t02.76 <.001 1.51 0.76 t0 3.03 24 2.13 1.40t03.25 <.001

LDH/ULN (10-fold™) 2.262 9.60 5.65t0 16.3 <.001 7.91 3.08 t0 20.3 <.001 1.1 5.811t021.2 <.001

WBC count, 10%/L (10-fold*) 0.6162 1.85 1.46 t0 2.35 <.001 2.32 1.54 t0 3.50 <.001 1.74 1.30t02.32 <.001
OS, MIPI score

MIPI score (+1) 1.0226 2.78 2.411t03.21 <.001 2.69t 2.091t03.45 <.001 2.74t 2.23103.37 <.001
TTF, MIPI factors

Age, years (+1) 0.03797 1.04 1.03 to 1.05 <.001 1.03 1.01 to 1.05 .010 1.05 1.03to0 1.08 < .001

ECOG PS (2 v 0/1) 0.7243 2.06 1.51 t0 2.81 <.001 1.562 0.83t02.79 A7 2.44 1.69t0 3.52 <.001

LDH/ULN (10-fold™) 1.782 5.94 3.74t09.42 <.001 3.71 1.68108.20 .001 8.70 4.95t0 15.3 <.001

WBC count, 108/L (10-fold*) 0.3346 1.40 1.13t01.72 .0017 1.49 1.04t02.14 .028 1.42 1.09t0 1.83 .008
TTF, MIPI score

MIPI score (+1) 0.7998 2.23 1.97t02.52 <.001 1.89% 1.563102.32 < .001 2.35% 1.96 10 2.82 < .001

Abbreviations: Beta, regression coefficient; ECOG PS, Eastern Cooperative Oncology Group performance status®; LDH, lactate dehydrogenase; MCL, mantle-cell
lymphoma; MIPI, MCL International Prognostic Index; OS, overall survival; TTF, time to treatment failure; ULN, upper limit of normal.
“LDH/ULN and WBC count per 107 5L were log,o-transformed for Cox regression.

TP = .84 for interaction of MIPI score and trial cohort with regard to OS.
¥P = .11 for interaction of MIPI score and trial cohort with regard to TTF.

(Data Supplement). The c-index for OS of MIPI-b was 0.70 as com-
pared with 0.68 for MIPI, and for TTF 0.67 as compared with 0.65
(Data Supplement).

s-MIPI

s-MIPI classified 32% of patients as LR, 36% as IR, and 32% as
HR (Table 1). The concordance with the MIPI was high (weighted
kappa, 0.79; 95% CI, 0.76 to 0.82) with 18% discordant cases (none
between LR and HR, 9% between LR and IR, and 9% between IR and
HR). s-MIPI discriminated three prognostic groups with 5-year OS
rates of 81%, 63%, and 35%, respectively (P <.001; Data Supplement)
and hazard ratios 2.0 (1.5 to 2.8) for IR versus LR and 2.5 (2.0 to 3.2)
for HR versus IR. Five-year TTF rates according to s-MIPI were 59%,

36%, and 23%, respectively (P < .001; Data Supplement). MIPI and
s-MIPI had comparable c-index for OS (0.683 and 0.680) and TTF
(0.654 and 0.647; Data Supplement).

The results of the present study confirm the prognostic value of MIPI
on alarge independent patient cohort. In adult patients of all ages with
advanced stage, newly diagnosed MCL treated according to recog-
nized standards, the MIPI discriminated three groups of LR, IR, and
HR, with markedly different 5-year OS rates of 83%, 63%, and 34%,
respectively. According to each higher risk group, the hazard of death
was more than doubled. All four patient characteristics determining

Table 3. Complete Remission and Overall Response Rates after Induction According to the Mantle-Cell Lymphoma International Prognostic Index in Pooled
Trials and Separate Trial Cohorts

LR IR HR

Response n/N % n/N % n/N % P
Pooled trials

CR/CRu/PR 289/307 94 264/295 89 239/319 75 < .001

CR/CRu 152/307 50 150/295 51 128/319 40 .0137

CR 105/307 34 105/295 36 84/319 26 .0263
MCL Younger

CR/CRu/PR 254/270 94 94/105 90 52/63 83 0141

CR/CRu 129/270 48 47/105 45 24/63 38 .38

CR 90/270 33 25/105 24 14/63 22 .08
MCL Elderly

CR/CRu/PR 35/37 95 170/190 89 187/256 73 <.001

CR/CRu 23/37 62 103/190 54 104/256 41 .0031

CR 15/37 41 80/190 42 70/256 27 .0033

NOTE. Response was evaluated according to 1999 consensus criteria.'’

partial remission.

Abbreviations: CR, complete remission; CRu, unconfirmed complete remission; HR, high risk; IR, intermediate risk; LR, low risk; MCL, mantle-cell ymphoma; PR,

Wwww.jco.org

© 2014 by American Society of Clinical Oncology 5

Information downloaded from jco.ascopubs.org and provided by at Bibliotheek der Rijksuniversiteit on April 8, 2014 from
Copyright © 2014 American Socle9.b2&knical Oncology. All rights reserved.



Hoster et al

A 1.0 4
0.8
Z
= 0.6 1
o
©
o
S 04+
o
=== |R; median, not reached
0.2 IR; median, not reached
=== HR; median, 2.2
P<.001
T T T T T T T T
0 1 2 3 4 5 6 7 8
_ Overall Survival (years)
No. at risk
LR 145 132 123 108 80 57 33 3
IR 107 98 75 52 32 23 11 1
HR 102 72 47 24 10 7 2 0
C 1.0
0.8
=
=
= 0.61
=0
©
o
2 044
o
=== |_R; median, not reached
0.2 1 IR; median, not reached
=== HR; median, 4.7
P<.001
T T T T T T T T
0 1 2 3 4 5 6 7 8
Overall Survival (years)
No. at risk
LR 151 134 123 98 75 46 28 9
IR 103 93 74 50 38 21 14 1
HR 106 75 54 38 21 13 6 2

B 1.0 4, == LR; median, 4.8
IR; median, 2.8
=== HR; median, 1.1
0.8 1 P<.001
£
= 0.6
o)
©
o)
S 04-
o
0.2
T T T T T T T T
0 1 2 3 4 5 6 7 8
Time to Treatment Failure (years)
No. at risk
LR 144 121 108 83 56 34 20 3
IR 107 78 57 34 20 9 4 0
HR 101 54 28 12 4 2 0
D 1.0
0.8
>
2
= 0.6 1
°o
(3]
o)
S 044
o
=== |_R; median, 7.3
0.2 IR; median, 4.9
=== HR; median, 2.0
P<.001
T T T T T T T T
0 1 2 3 4 5 6 7 8
Time to Treatment Failure (years)
No. at risk
LR 149 124 113 87 63 40 24 6
IR 101 79 60 40 27 15 10 0
HR 106 60 44 31 17 1 6 2

Fig 2. Overall survival (OS) and time to treatment failure (TTF) according to the Mantle-Cell Lymphoma (MCL) International Prognostic Index (MIPI) in pooled trials
stratified by treatment (pretrials standards or superior treatment arms). (A) OS of patients treated with rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) followed by either autologous stem-cell transplantation (ASCT; MCL Younger) or interferon-alfa maintenance (MCL Elderly) in remission (26, 37,
and 60 events, respectively). (B) TTF of patients treated with R-CHOP followed by either ASCT (MCL Younger) or interferon-alfa maintenance (MCL Elderly) in remission
(69, 65, and 84 events, respectively). (C) OS of patients treated with either R-CHOP/rituximab plus dexamethasone, cisplatin, and cytarabine (R-DHAP) followed by
ASCT in remission (MCL Younger) or R-CHOP followed by rituximab maintenance in remission (MCL Elderly; 21, 22, and 42 events, respectively). (D) TTF of patients
treated with either R-CHOP/R-DHAP followed by ASCT in remission (MCL Younger) or R-CHOP followed by rituximab maintenance in remission (MCL Elderly; 36, 40,
and 63 events, respectively). The interaction P values of MIPI risk groups and treatment groups were .21 for OS and .62 for TTF. HR, high risk; IR, intermediate risk;

LR, low risk.

the MIPI, age, ECOG PS, LDH, and WBC count were confirmed as
independent prognostic factors for OS.

Since its publication in 2008, the prognostic value of MIPI has
been explored by many others.'**' However, most of these studies
were performed on rather small cohorts of fewer than 100 patients
with fewer than 40 events. So far, only three of 25 reports did not
confirm the prognostic relevance of MIPI for OS, but these had low
event numbers or short follow-up.**?>*°

In addition to OS, the primary end point for the development of
the MIPL> we showed the prognostic impact of MIPI and all MIPI
factors with respect to the more disease-specific end point TTF. Fur-
thermore, MIPI groups revealed different CIR of nonresponse or
progression. Of 15 evaluations of MIPI with respect to progression-
free survival,'®'”!%2%2325:2731,333341 g prognostic value was not
confirmed in three cases, of which only one had a reasonable
statistical power.”

22,25,33

6 © 2014 by American Society of Clinical Oncology

Current treatment recommendations for MCL** depend on pa-
tient age, including high-dose therapy for younger and fit patients and
excluding it for older patients. Although the MIPI was developed for
patients of all ages and age is a MIPI factor, we now confirmed its prog-
nostic value separately for younger patients suitable for intensified treat-
ment and older patients. In younger patients, the independent prognostic
impact of ECOG PS could not be confirmed. Because only 4% of MCL
Younger patients had ECOG PS 2, this did not limit the validity of MIPI in
younger patients. By definition, the LR group in MCL Younger was
relatively large (61%). In fact, this group revealed a favorable prognosis
with 5-year OS of > 80% and 5-year TTF of 60%, whereas IR and HR
groups revealed a substantially worse outcome. These results are in line
with external validations from others performed on patients who received
high-dose treatment.'®'**>*"*° We will further investigate the prognostic
impact of MIPI in the superior study arm of MCL Younger, including
high-dose cytarabine before ASCT.
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Fig 3. Overall survival according to biologic Mantle-Cell Lymphoma (MCL) International
Prognostic Index (MIPI-b) in pooled trials (A), MCL Younger (B), and MCL Elderly (C).
Patients with MIPI-b score below 5.70 were classified as low risk (LR), patients with an
MIPI-b score = 5.70 but < 6.50 as intermediate risk (IR), and patients with an MIPI score
of 6.50 or higher as high risk (HR).® The MIPI-b score was calculated as 0.03535 X age
(years) + 0.6978 (if ECOG PS > 1, otherwise 0) + 1.367 X log;o(LDH/ULN) + 0.9393 X
logo(VWBC count per 1076L) + 0.02142 X Ki-67 index (%). No patient of MCL Elderly
was classified as LR according to MIPI-b. The numbers of events were 12, 37, and 95
for LR, IR, and HR patients of pooled trials, respectively (A), 12, 21, 31 for LR, IR, and HR
patients of MCL Younger, respectively (B), and 16 and 64 for IR and HR patients of MCL
Elderly, respectively (C). ECOG PS, Eastern Cooperative Oncology Group performance
status; Ki-67, protein encoded by the MKI76 gene; LDH, lactate dehydrogenase; ULN,
upper limit of normal.
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In MCL Elderly MIPI, MIPI score and MIPI factors were of high
prognostic relevance. Only few MCL Elderly patients were classified as
LR, reflecting the advanced age in this trial, and outcome was not
clearly separated from the IR group. This might be explained by
patient selection, because patients between 60 and 65 years suitable for
high-dose treatment should enter MCL Younger and thus, older pa-
tients with more favorable risk profile were not included in MCL
Elderly. Consequently, the application of MIPI to age groups younger
than or older than 60 years confirmed the discrimination of survival
curves with no interaction between age group and MIPI risk group.
Therefore, our results reveal that MIPI is valid for risk stratification in
older patients. For research purposes (eg, for stratified randomiza-
tion), an adaptation of cutoff values for the MIPI score in patient
cohorts of higher age may be useful. The only published evaluation
focusing on older patients®® confirmed the prognostic value of MIPI
for progression-free survival and OS.

We confirmed the high concordance of s-MIPI and MIPI along
with comparable prognostic capacity. Accordingly, we recommend
the use of s-MIPI in clinical practice. For research purposes, especially
when adjusting for prognostic factors, the continuous MIPI score or
the continuous MIPI factors should be used in order not to unneces-
sarily lose substantial statistical power.*?

Tumor cell proliferation, as measured by counting Ki-67 positive
tumor cells according to the published guideline,'® was confirmed as
prognostic factor independent of MIPIL. Furthermore, although
MIPI-b did not separate LR and IR groups, and the HR group revealed
substantially worse outcome, the addition of Ki-67 to MIPI allowed a
strong discrimination between patients with good and dismal
prognosis. MIPI-b had already been shown to be prognostic for
progression-free survival** and OS$**** in conventionally treated pa-
tients** and a population based cohort,** and to separate an HR group
with younger patients treated with high-dose cytarabine and ASCT.*?
Importantly, to allow an application in the routine care setting, pa-
thologists should determine the Ki-67 index according to the pub-
lished guideline,'® because the quantitative evaluation of Ki-67 may be
hampered by substantial interindividual variation.'>*>

In contrast to the previous trials from which MIPI was derived,
the trials used here for validation included 5% of patients with stage II.
Advanced stage did not reveal additional prognostic relevance to the
MIPI factors (P = .95 for OS; P > .99 for TTF). However, the number
of patients with limited stage was too small to evaluate the prognostic
value of MIPI in this subset. Other studies that included 2% to 17% of
stage IT patients have confirmed the MIPL>***2%28323% Whether MIPI
is valid for the small number of patients with stage I MCL who might
be treated with combined modality treatment or radiation only re-
mains an open question.

In the cohort of MIPI development, not all patients had received
immunochemotherapy, and not all patients suitable for high-dose
treatment were assigned to receive autologous stem-cell transplanta-
tion. The presented results reveal the validity of MIPI especially for
patients treated according to current guidelines.*> MIPI has been
developed and validated in medically fit patients who tolerate moder-
ate to intensive treatment strategies. In addition, candidate patients for
deferred initial therapy*® by the discretion of the treating physician
were only occasionally included in the trials. On the other hand, two
reports have confirmed the MIPI on population-based cohorts,*'**>*°
including > 20% of patients with an ECOG PS of 2 to 4. One report*’
revealed that comorbidity factors were not independently prognostic
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of MIPI, and the authors explained this observation by the fact that
performance status was included in the MIPI, which partly reflects the
presence of comorbidity. This underlines the importance to assess the
performance status in both clinical routine and research.

In conclusion, we confirm the validity of MIPI as a prognostic
instrument on a large MCL patient cohort treated according to cur-
rent standards within randomized trials. Based on current recommen-
dations,*” MIPI should be applied in routine clinical care. It may
further be used in research to assess and compare the risk profiles of
MCL patient cohorts, to adjust for imbalanced risk profiles in epide-
miological studies, to allow risk-stratified randomization in clinical
trials, and to provide a basis to establish new clinical or biologic
prognostic factors. Finally, MIPI might be considered as an integral
part in the development of individualized risk-adapted treatment
strategies to further improve outcome in MCL.
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