LETTERS TO THE EDITOR

Risk adapted high-dose and dose-dense therapies
modulate the impact of biological classification in
diffuse large B-cell lymphoma prognosis

Diffuse large B-cell lymphoma (DLBCL) is a highly het-
erogeneous disease entity.' Young patients with high-inter-
mediate and high aa-IPI score seem to be good candidates
to receive alternative treatments to standard RCHOP-21
including EPOCH-R;” R-ACVBP+HDT-ASCT® and upfront
autologous stem cell transplantation.” Other risk factors
can be used to identify patients for the use of more dose-
intense regimens including bulky disease, interim PET pos-
itivity and, importantly, molecular profiles.””

The aim of our study was to evaluate whether high-dose
regimens in patients enrolled in clinical trials might modify
the prognostic impact of already recognized biological
markers in DLBCL (Cell of Origin (COO) classification,
MYC, BCL2 and BCL6 translocations, microRNA expres-
sion, MYC and BCL2 protein overexpression).

We analyzed a series of 156 patient samples. Patients
were enrolled in four clinical trials from GELTAMO,

Table 1. Clinical features of the series.

PETHEMA and GOTEL and treated using first-line dose-
dense or high-dose regimens (R-CHOP 14: 76 patient sam-
ples from 209 (36%) patients; dose-adjusted EPOCH-R: 42
patient samples from 81 patients included (52%); and
MegaCHOP-R plus stem cell transplantation based on
interim PET results: 38 patient samples from 71 patients
enrolled (53%)).° All samples received in the reference cen-
ter were included in the study and biological marker analy-
sis was only hampered by tissue limitations in specific
cases.

A summary of the major clinical characteristics of the
patients included in this study is shown in Table 1. The
study was approved by the Institutional Ethical
Committee of all participating institutions and by the
national regulatory agency according to Spanish law, and
complied with the Declaration of Helsinki. A retrospective
cohort of 240 cases of DLBCL treated with chemoim-
munotherapy was used for comparison.’

Centralized review of the histopathological diagnosis
was performed by 2 hematopathologists (SMM, MAP)
according to WHO classification." All cases were classified
according to the COO using the immunohistochemical
algorithms by Hans, Choi and Visco-Young.'*"”

156 0S*, PFS** 0S*, PFS** 42 0S*, PFS** 38  0S, PFS Mega
pooled set RCHOP-14 EPOCH-R CHOP-R and BMT
(76 patients) (42 patients) (38 patients)
IPI factors
Age *0.02, ¥*0.003 *0.01,¥*0.0007 *ns, **ns *ns, ns**
<60 years 90 (57%) 45 18 27
>60 years 63 (40%) 28 24 10
Stage *ns,**ns *ns,**ns *ns, ¥*ns *ns, ns**
[-11 74 (47%) 31 42 1
1IB\Y 79 (50%) 42 0 36
LDH *ns,**ns *ns,**ns *ns,**ns *ns, ns**
low 49 (31%) 35 4 9
high 100 (64%) 36 38 26
Performance status *ns, ¥*0.04 *0.001,*¥*0.01 *ns,**ns *ns, ns**
Ambulatory (0-1) 107 (68%) 61 24 21
Not ambulatory (2-4) 43 (27%) 10 18 15
Extranodal site involvement *ns,*¥*ns *ns,**ns *ns,**ns *ns, ns**
< 1site 101 (64%) 54 30 17
> | site 49 (31%) 18 12 18
IPI score (number of IPI factors) ~ *ns, **0.03 *ns,**ns *ns,**ns *ns, 0.03%*
Low risk (0,1) 34 (22%) 30 3 1
Low — intermediate risk (2) 38 (24%) 22 5 11
High — intermediate risk (3) 56 (36%) 15 22 18
High risk (4,5) 25 (16%) 6 12 7
COO-CLASSIFICATION
GCB (according to Choi) 81/144 (56%)  *ns,**ns 42 *ns,**ns 22 *ns,**ns 15 *ns,ns**
ABC 63/144 (44%) 25 18 18
GCB (according to Hans) 63/146 (43%)  *ns,**ns 35 *ns,¥*ns 16 *ns,*¥*ns 8 *ns, ns**
NON-GCB 83/146 (57%) 34 24 20
GCB (according to Visco-Young) ~ 75/145 (52%)  *ns,**ns 39 *ns,**ns 22 *ns,**ns 12 *ns, ns**
ABC 70/145 (48%) 29 18 21
CONCURRENT MYC-BCL2 IHC EXPRESSION
*ns,*¥*ns *ns,**ns *ns,**ns *ns, ns**
DP* SI/117 (26%) 35 29 19
NON DP 86/117 (73%) 17 4 9

LDH: lactic dehydrogenase levels, IPI: International Prognostic Index; COQ: cell of origin classification. GCB: germinal center B-cell type; ABC: activated B-cell type;

NON-GCB: non-germinal center B-cell type; DP: double-positive for MYC and BCL2 immunohistochemical expression. NON-DP: non-double positive.
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Immunohistochemical expression of BCL2 and C-MYC
was also scored. Interphase FISH analysis was performed
using Dual Color Break Apart DNA probes against BCL2,
BCL6 and C-MYC. microRNA expression signatures based
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Figure 1. (A, B) Overall survival (0S) and progression-free survival (PFS) Kaplan Meier estimates according to advanced age (>60 years
old). Patients under 60 years old had a probability of OS and PFS over 85% in the median follow-up time. (C, D). IPI risk stratification into
Low, Low-intermediate, High-intermediate and High IPI was predictive for PFS (P < 0.05) but not OS. Patients with low IPI risk had an excel-
lent outcome with survival probabilities over 90% in the median follow-up time. However no differences were found among Low-interme-
diate, High-intermediate and High IPI risk. (C, D). OS and PFS Kaplan Meier estimates according to cell of origin classification: ABC type
DLBCL prognosis was significantly improved when compared with the R-CHOP 21 treated control cohort (P <0.005), while GCB type DLBCL
prognosis was not altered. Patients treated with high-dose and dose-dense therapies had an OS and PFS equivalent for both GCB and ABC
subtypes (81% vs. 84% for OS and 79% vs. 75% for PFS). (E, F). miRNA expression signatures were found of prognostic value for OS (P
log rank = 0.05) and PFS (P log rank 0.04). Cases with low miRNA score had a 90% * 4 % PFS probability compared to 74% *+ 4 % for

cases with high miRNA score.
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function and cases were categorized into low miRNA
score and high miRNA score accordingly. Kaplan Meier
survival curves and multivariate analysis were made using
SPSS v11.

Overall survival and PES at the median follow-up time
(46 months) were 83% (+3.3%) and 79% (3.4%), respec-
tively. Median survival time for OS was 97.26 months
(£3.57) and median PFS were 88.04 months (+3.42).
Median age was 57 years old (range 17-80 years). No sig-
nificant differences were found in OS or PFS according to
the study protocol (Ouline Supplementary Figure S1).
Advanced age (>60 years) was predictive of poor OS and
PFS in the univariate analysis (P<0.05) for the pooled set of
patients and the RCHOP14 cases. Poor performance status
was predictive of poor PFS (P<0.05) (Table 1) for the
pooled set of cases and poor OS and PFS in the RCHOP14
cases (P=0.001 and P=0.01, respectively). IPI risk stratifica-
tion was predictive for PFS (P<0.05) but not OS (Table 1
and Figure 1).

None of the IHC algorithms for COO subclassification
was predictive for OS or PFS in the whole series or after
treatment protocol stratification (Table 1). Interestingly,
ABC type DLBCL (according to Choi s algorithm) progno-
sis was significantly improved in this series when com-
pared with the R-CHOP21 treated control cohort
(P<0.005), while there was no change in GCB type DLBCL
prognosis (Figure 1).

MYC and BCL2 protein expression was quantified
according to previously published cut offs.”*'* Median
MYC protein expression was 30% and 54 of 116 (46%)
evaluable cases had an expression of 40% or over. Median
BCL2 protein expression was 50%. Sixty-seven of 124
(54%) evaluable cases had an expression of 50% or over
and 53 of 124 cases (42%) of 70% or over. Neither single
MYC nor BCL2 expression had an independent relation-
ship with OS or PFS. Furthermore, no significant statistical
differences were found according to concurrent expression
of MYC and BCL2 protein (so-called double positive
cases), irrespective of the cut off of positivity used (data not
shown).

Thirty-three of 117 (28%) cases had concurrent expres-
sion of MYC and BCL2 (>50%). Thirty-one of 117 cases
(26%) had co-expression of MYC and BCL2 (>70%). An
association between DP cases and high-stage (III-IV) dis-
ease (P<0.05) and ABC-non-GCB molecular subgroup (x*
<0.05 using V-Y algorithm) was found. By FISH, 6 (3.8%),
19 (12.1%) and 27 (17.2%) of the evaluable cases had
MYC, BCL2 and BCLS6 translocations, respectively. Only 3
cases of double hit lymphoma were found (1 with MYC
and BCL2 translocations, 2 cases with MYC and BCL6
translocations). None of these genetic alterations was pre-
dictive for OS or PFS.

miRNA expression signatures were found of prognostic
value for OS (P=0.05; log rank) and PFS (P=0.04; log rank).
Cases with low miRNA score had a 90% =+ 4% PFS prob-
ability compared to 74% =+ 4% for cases with high miRNA
score (Figure 1). This effect was independent of advanced
age in the multivariate analysis for OS (RR for age of 2.96
and RR for miRNA score of 3.31; P=0.005) and PFS (RR for
age of 3.53 and RR for miRNA score of 3.76; P<0.001).
Patients aged under 60 years and those with a low miRNA
score had a probability of OS and PFS of over 85% and
90% in the median follow-up time, respectively.

In summary, our results suggest that high-dose or dose-
dense therapies as a primary treatment for patients aged
under 60 years may overcome the negative impact of
ABC-type aggressive molecular subgroup and concurrent
MYC and BCL2 overexpression by IHC. These results are
in keeping with recent data that demonstrate a benefit for

high-intermediate and high risk patients with MYC posi-
tive DLBCL or BCLU treated with autologous stem cell
transplantation as consolidation therapy.*"

Santiago Montes-Moreno,"* Ana Batlle,*

Sonia Gonzdlez de Villambrosia,** Beatriz Sanchez-
Espiridion,* Laura Cereceda,’ Eva Gonzdlez-Barca,””
Noelia Purroy,** Emilia Pardal*’ Alejandro Martin,>"
Carlos Grande,*" Francisco Mazorra," Andrés Insunza,?
Cristina Quero,”"” David Aguiar,”"” Miguel Angel Cruz,”"
Antonio Rueda,”” Marta Llanos,”" José Gémez Codina,>"”
Francisco Ramén Garcia Arroyo,”" Dolores Caballero,”"
Eulogio Conde,”* Andrés Lopez,** Mariano Provencio,””
and Miguel Piris'

"Pathology Department, Hospital Universitario Marqués de
Valdecilla, IDIVAL, Santander; *GELTAMO Group, Spanish
Society of Hematology; *Department of Hematology, Hospital
Universitario Marqués de Valdecilla, Santander; *Grupo de
Genomica del Cancer, IDIVAL, Santander; ”GOTEL (Grupo
Oncoldgico para el Tratamiento de las Enfermedades Linfoides);
‘PETHEMA, Programa Espaiiol de tratamientos en Hematologia;
"Servicio de Hematologia Clinica, Institut Catala d'Oncologia,
L'Hospitalet de Llobregat; *Department of Hematology, Hospital
Universitari Vall d'Hebron, Barcelona; ’Department of Hematology,
Hospital Virgen del Puerto; Plasencia; “Department of Hematology,
Hospital Universitatio de Salamanca/IBSAL, Salamanca;
"Department of Hematology, Hospital Universitario 12 de Octubre,
Madrid; "Oncology Department, Hospital Clinico Universitario
Virgen de la Victoria, Malaga; *Oncology Department, Hospital
Universitario de Gran Canaria, Dr Negrin, Gran Canaria;
“Oncology Department, Hospital Virgen de la Salud, Toledo;
"Oncology Department, Hospital Costa del Sol, Marbella;
“Oncology Department, Hospital Universitario de Canarias, La
Laguna; " Oncology Department, Hospital La Fe, Valencia;
“Oncology Department, Hospital de Pontevedra, and *Oncology
Department, Hospital Universitario Puerta de Hierro, Madrid,
Spain

Funding: this study was supported by grants from the Ministerio
de Sanidad y Consumo (PI051623, P1052800, CP06/00002,
RTICC) Asociacion Espaiiola contra el Cancer (AECC) and the
Ministerio de Ciencia e Innovacion (SAF 2008-03871), Spain.

Acknowledgments: we thank CNIO Tumor Bank Unit (M]
Artiga and Manolo Morente) and Biobanco HUMV/IDIVAL
(Laura Cereceda, José Bernardo Revert Arce) for their skilful retrieval
and handling of clinical data and samples from different clinical
institutions. The results shown here are original and are not under
review in any other journal, being only previously presented in part
in ASH meeting 2012, ref: Blood (ASH Annual Meeting Abstracts),
Nov 2012; 120: 2672.

Correspondence: smontes@humy.es
doi:10.3324/haematol. 2014.104976

Key words: high-dose, dose-dense therapies, biological
classification, diffuse large B-cell lymphoma.

Information on authorship, contributions, and financial & other dis-
closures was provided by the authors and is available with the online
version of this article at wvww.haematologica.org.

References

1. Swerdlow SH Campo E Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele
], Vardiman JW. WHO Classification of Tumours of Haematopoietic
and Lymphoid Tissues, 2008.

2. Wilson WH, Jung SH, Porcu B, Hurd D, Johnson ], Martin SE, et al.
A Cancer and Leukemia Group B multi-center study of DA-
EPOCH-rituximab in untreated diffuse large B-cell lymphoma with
analysis of outcome by molecular subtype. Haematologica.

haematologica 2014; 99:e140



10.

2012,97(5):758-65.

. Karlin L, Coiffier B. Improving survival and preventing recurrence of

diffuse large B-cell lymphoma in younger patients: current strategies
and future directions. Onco Targets Ther. 2013;6:289-96.

. Stiff PJ, Unger JM, Cook JR, Constine LS, Couban S, Stewart DA, et

al. Autologous transplantation as consolidation for aggressive non-
Hodgkin's lymphoma. N Engl ] Med. 2013;369(18):1681-90.

. Vose JM. Intensified chemotherapy for diffuse large B-cell lym-

phomas. Lancet. 2011;378(9806):1828-9.

. Casasnovas RO, Meignan M, Berriolo-Riedinger A, Bardet S, Julian

A, Thieblemont C, et al. SUVmax reduction improves early progno-
sis value of interim positron emission tomography scans in diffuse
large B-cell lymphoma. Blood. 2011;118(1):37-43.

. Wright G, Tan B, Rosenwald A, Hurt EH, Wiestner A, Staudt LM. A

gene expression-based method to diagnose clinically distinct sub-
groups of diffuse large B cell lymphoma. Proc Natl Acad Sci USA.
2003;100(17):9991-6.

. The International Non-Hodgkin's Lymphoma Prognostic Factors

Project. A predictive model for aggressive non-Hodgkin's lym-
phoma. N Engl J Med. 1993;329(14):987-94.

. Montes-Moreno S, Martinez N, Sanchez-Espiridién B, Diaz Uriarte

R, Rodriguez ME, Saez A, et al. miRNA expression in diffuse large
B-cell lymphoma treated with chemoimmunotherapy. Blood. 2011;
118(4):1034-40.

Choi WW, Weisenburger DD, Greiner TC, Piris MA, Banham AH,
Delabie ], et al. A new immunostain algorithm classifies diffuse large
B-cell lymphoma into molecular subtypes with high accuracy. Clin

12.

13.

14.

15.

Cancer Res. 2009;15(17):5494-502.

. Hans CE, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J,

Ott G, et al. Confirmation of the molecular classification of diffuse
large B-cell lymphoma by immunohistochemistry using a tissue
microarray. Blood. 2004;103(1):275-82.

Visco C, Li Y, Xu-Monette ZY, Miranda RN, Green TM, Tzankov A,
et al. Comprehensive gene expression profiling and immunohisto-
chemical studies support application of immunophenotypic algo-
rithm for molecular subtype classification in diffuse large B-cell lym-
phoma: A report from the International DLBCL Rituximab-CHOP
consortium program study. Leukemia. 2012;26(9):2103-13.

Hu S, Xu-Monette ZY, Tzankov A, Green T, Wu L,
Balasubramanyam A, et al. MYC/BCL2 protein coexpression con-
tributes to the inferior survival of activated B-cell subtype of diffuse
large B-cell lymphoma and demonstrates high-risk gene expression
signatures: a report from The International DLBCL Rituximab-
CHOP Consortium Program. Blood. 2013;121(20):4021-31.
Johnson NA, Slack GW, Savage K], Connors JM, Ben-Neriah S,
Rogic S, et al. Concurrent expression of MYC and BCL2 in diffuse
large B-cell lymphoma treated with rituximab plus cyclophos-
phamide, doxorubicin, vincristine, and prednisone. J Clin Oncol.
2012;30(28):3452-9.

Cook JR, Goldman B, Tubbs RR, Rimsza L, Leblanc M, Stiff P, et al.
Clinical Significance of MYC Expression and/or "High-grade"
Morphology in Non-Burkitt, Diffuse Aggressive B-cell Lymphomas:
A SWOG 59704 Correlative Study. Am ] Surg Pathol. 2014;38(4):
494-501.

haematologica 2014; 99:e141




