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ABSTRACT

Although additional cytogenetic abnormalities (ACA) do not affect the prognosis of patients
with t(15;17) acute promyelocytic leukemia (APL), the role of a complex karyotype (CK) is yet to
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be clarified. We aimed to investigate the relationship of CK with relapse incidence in 1559

consecutive APL patients enrolled in three consecutive trials. Treatment consisted of AIDA induc-
tion followed by risk-adapted consolidation. A CK (CK) was defined as the presence of >2 ACA,
and a very CK (CK+) as >3 ACA. Eighty-nine patients (8%) had a CK, of whom 41 (4%) had
CK+. The 5-year cumulative incidence of relapse (CIR) in patients with CK was 18%, and 12% in
those with <2 ACA (p=.09). Among patients with CK+, the 5-year CIR was 27% vs 12%
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(p=.003), retaining the statistical significance in multivariate analysis. This study shows an
increased risk of relapse among APL patients with CK+ treated with ATRA plus chemotherapy

front-line regimens.

Introduction

Additional cytogenetic abnormalities (ACA) have been
found in about 30% of de novo t(15;17) acute promye-
locytic leukemia (APL) [1-15]. Some large studies have
reported a lack of prognostic impact of ACA in
patients with t(15;17) APL treated with all-trans

retinoic acid (ATRA) and chemotherapy-based front-
line therapies [1,4,5,11,12,14], while others have
observed a negative impact on outcome [2,6-9,13,16].
On the other hand, recent randomized trials have
shown less relapse and improved survival using
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front-line arsenic trioxide (ATO) plus ATRA regimens
[17,18], making less relevant the impact of prognostic
indicators [14,19]. However, a non-significant higher
relapse rate was described among patients with ACA
treated with ATO plus ATRA regimens [10], and Poire
et al. recently reported that a complex karyotype (i.e.
two or more ACA) was associated with more relapses
and significant inferior survival in patients receiving
chemotherapy- or ATO-based consolidation sched-
ules [15].

In order to clarify the role of a complex karyotype
in APL patients, we analyzed the characteristics, and
prognostic impact of complex karyotype in a large
cohort of successfully karyotyped patients with mature
follow-up enrolled in three successive studies carried
out by the Spanish Programa Espanol de Tratamientos
en Hematologia (PETHEMA) group.

Material and methods
Patients and eligibility

Between November 1996 and 2012, 1559 consecutive
adult and pediatric patients were enrolled in the
PETHEMA LPA 1996, 1999, and 2005 consecutive trials
from the institutions of Spain, the Netherlands,
Belgium, Argentina, Uruguay, and the Czech Republic
(see “Appendix”). All patients had de novo genetic
diagnosis of PML/RARA APL. Eligibility criteria and
protocol design have been reported elsewhere
[20-22]. Informed consent was obtained from all the
patients. According to the Declaration of Helsinki, the
protocol was approved by the Research Ethics Board
of each participating hospital.

Treatment

Treatment consisted of AIDA induction consisting of
oral ATRA (45mg/m?/d), divided into two daily doses,
which was maintained until complete remission (CR),
and intravenous idarubicin (12mg/m?%/d) on days 2, 4,
6, and 8. For patients of age 20 years or younger, the
ATRA dose was adjusted to 25mg/m?/d. After CR
achievement, therapy was followed by three monthly
courses of risk-adapted consolidation chemotherapy
[20-23]. In all trials, patients who tested negative for
PML/RARA at the end of consolidation were started on
maintenance therapy with oral mercaptopurine (50 mg/
m?/d), intramuscular methotrexate (15 mg/m?*/week),
and oral ATRA (45 mg/m?/d for 15 days every 3 months)
over 2 vyears (Figure 1). Details of the supportive
therapy have been described elsewhere [20-22].

Cytogenetics and FISH

Bone marrow samples for cytogenetic analysis were
processed after short-term culture (24 or 48 hours) fol-
lowing standard procedures. The chromosomes were
stained by G-banding and the karyotypes reported
according to the International Standing Committee on
Human Cytogenomic Nomenclature (ISCN 2016)
recommendations in force [24]. Whenever possible at
least 20 metaphases were analyzed in each case.
Studies were considered normal diploid if no clonal
abnormalities were detected in a minimum of 20
mitotic cells analyzed. In most of the patients with
apparently normal karyotype and PML/RARA
rearrangement demonstrated by reverse transcriptase-
polymerase chain reaction (RT-PCR), fluorescence in
situ hybridization (FISH) studies were additionally
carried out in metaphase and interphase nuclei.
Two-color FISH was performed using a PML/RARA
translocation probe (Abbott, Wiesbaden, Germany).

The majority of cytogenetic analyses were per-
formed at reference laboratories. The original cytogen-
etics reports were requested from the centers for
central review. For patients of the HOVON Group, the
Dutch Working Party on Cancer Genetics and
Cytogenetics performed review of the cytogenetic
results. Appropriate karyotype nomenclature (ISCN
2016) was centrally reviewed (J.C.).

RT-PCR studies

Details on processing bone marrow samples for RNA
extraction and RT-PCR protocols for PML/RARA amplifi-
cation used by the participating laboratories have
been described elsewhere [20].

Definitions and study endpoints

Remission induction response was assessed according
to the recently revised criteria by Cheson et al. [25].
Molecular remission was defined as the disappearance
on an ethidium bromide gel of the PML/RARA specific
band visualized at diagnosis, using an RT-PCR assay
with a sensitivity level of 107*. Molecular persistence
was defined as PCR positivity in two consecutive bone
marrow samples collected at the end of consolidation
therapy. Molecular relapse was defined as the
reappearance of PCR-positivity in two consecutive
bone marrow samples at any time after consolidation
therapy. Risk of relapse was established at diagnosis
according to a predictive model based on patient
leukocyte and platelet counts at diagnosis, as reported
elsewhere [26].
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Figure 1. Therapy of APL in the three consecutive PETHEMA trials.

For the purpose of this study, patients with a
normal karyotype or with a t(15;17) as the sole cyto-
genetic detected abnormality were classified as having
no ACA. The presence of multiple rearrangements
(i.e. triple rearrangements involving chromosome
15/17 and other) were accounted as 1 ACA. All
additional abnormalities detected in FISH were consid-
ered at a sensitivity level >8-10%. A complex karyo-
type was defined as the presence of two or more
ACA. A very complex karyotype was defined as the
presence of three or more ACA.

Data collection and prognostic factors

The following patient and disease characteristics docu-
mented at initial evaluation were examined to estab-
lish their relationship to the complex karyotype: age,
gender, ECOG score, fever, and total body surface as
well as liver and spleen enlargement, creatinine, uric
acid, lactate dehydrogenase (LDH), alkaline phospha-
tases, total bilirubin, albumin, fibrinogen, hemoglobin
level, platelet count, WBC count, blood blast cell
percentage, bone marrow blast cell percentage, M3
subtype, FLT3-internal tandem duplication (FLT3-ITD)
mutations, PML-RARa isoforms, and surface antigen
markers CD2, CD7, CD11b, CD13, CD14, CD15, CD19,
CD34, CD56, CD117.

Statistical analysis

Chi-square test, with Yates correction if necessary, was
used to analyze differences in the distribution of
categorical variables between patient subsets. The
t-test and Mann-Whitney U test were used to detect
differences in the distribution of continuous
parametric and nonparametric variables, respectively.
Unadjusted time-to-event analyses were performed by
use of the Kaplan-Meier estimate [27] and, for
comparisons, log-rank tests [28]. The probability of
relapse was estimated by the cumulative incidence
method (for marginal probability) [29,30]. Overall
survival (OS) was calculated from the start date of
induction therapy, whereas cumulative incidence of
relapse (CIR) was calculated from the date of CR.
For the CIR analyses, development of secondary
myelodysplastic syndrome or acute leukemia, and
death in CR were considered as a competing cause of
failure. For all estimates in which the event “relapse”
was considered as an end point, hematologic and
molecular relapse, as well as molecular persistence at
the end of consolidation, were each considered as
uncensored events. Patient follow-up was updated
on 15 September 2017. All p values reported are
2-sided. Multivariate analyses were performed by
use of the Fine and Gray model for CIR [31].
Computations were performed using R 2.14.2 soft-
ware package.
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Incidence of Additional Chromosomal
Abnormalities (N = 1128 )

N =89 (8%)
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ACA, Additional Chromosomal Abnormalities.

Figure 2. Frequency of complex karyotype in the evaluable cohort of APL patients (n=1128). ACA:

abnormalities.

Results

Frequency of additional chromosomal
abnormalities

A total of 1559 de novo genetically confirmed APL
patients were enrolled in the three consecutive trials.
Karyotype studies were available in 1128 patients
(72%). The remaining patients lacked cytogenetic data
in the case report form (n=167, 11%), or had unsuc-
cessful karyotype with no growth (n=264, 17%). All
these patients were genetically diagnosed of PML/
RARA APL by double color FISH studies, RT-PCR or
anti-PML staining (anti-PGM3).

Overall, 842 out of 1128 patients with an available
karyotype (75%) showed no additional abnormalities
(i.e., normal karyotype or single t(15;17)), 197 patients
(17%) showed 1 ACA, and 89 patients (8%) had a
complex karyotype (2 or more ACA). In addition, 41
patients (4%) had a very complex karyotype with 3 or
more ACA) (Figure 2).

The frequency of patients with complex karyotype
was similar across the three consecutive PETHEMA
trials (6/127, 6% in the LPA96, 40/404, 10% in the
LPA99, and 43/597, 7% in the LPA2005, p=.11).

Baseline characteristics of patients according to
presence of complex karyotype

The main clinical and biological characteristics of APL
patients with complex karyotype and those with either
t(15;17) alone or single ACA are shown in Table 1.
Baseline characteristics were similar between patients
with complex karyotype and those with 0 to 1
additional abnormality. The only clinical or biological
characteristic associated with a complex karyotype
was a higher percentage of patients with CD34

additional chromosomal

Table 1. Baseline characteristics of patients according to pres-
ence of complex karyotype

Characteristic 0-1 ACAN (%) >2ACAN (%) p value
Overall 1039 (92) 89 (8)
Age, years (median, range) 42 (2-84) 40 (3-78) 18
Male gender 531 (51) 46 (52) 98
WBC count >10 x 10°/L 287 (28) 19 (21) 31
Platelet count <40 x 10°/L 780 (75) 70 (79) .55
Relapse-risk group

Low 210 (20) 13 (15) .10

Intermediate 542 (52) 57 (64)

High 287 (28) 19 (21)
Creatinine >1.3 mg/dL 36 (4) 1(1) .39
ECOG <2 744 (79) 69 (82) .29
Albumin <3.5g/dL 171 (20) 10 (13) 21
M3 variant subtype 180 (18) 13 (15) .59
BCR3 isoform 355 (39) 38 (49) 7
CD34 expression >10% 211 (25) 10 (14) .04

ACA: additional chromosomal abnormalities; WBC: white blood cell.

antigen negativity in leukemic blasts (86% versus 75%,
p=.04). No significant differences were observed
between patients with very CK and those with-
out CK+.

Influence of complex karyotype on outcome
in APL

There was not a higher induction death rate in
patients with a complex karyotype (6/89, 7% versus
87/1039, 8%; p=.74), and CR rate was also similar
(93% versus 92%). Median follow-up of patients alive
at the time of the analysis were 82 months (range,
2-236 months) from diagnosis. The 5-year CIR was
18% in patients with complex karyotype, compared
with 12% in those with no or one ACA (p=.09)
(Figure 3(A)). The CIR at 5 years was higher among
patients with a very complex karyotype (3 or more
ACA) compared with others (27% versus 12%)
(p=.003) (Figure 3(B)). In the multivariate analysis,



CLINICAL SIGNIFICANCE OF COMPLEX KARYOTYPE AT DIAGNOSIS e 5

PANEL 3A o |
p=0.09
075
=
= 1
8 |
8
& [
e 050 4 |
g |
3 [
[
[
025 - : 22 ACA:18%
[
[
1 <2 ACA:12%
000 — 1
T T T T T % T T T T
[1] 12 24 36 48 60 T2 B84 96 108 120
Months afer CR
<1 ACA 945 857 112 700 611 519 452 396 325 2;99 213
2ACA 83 7 70 ) 32 29 4 20
PANEL3B ;¢ -
p=0.003
075 4
z 1
8 1
4 [
e 050 |
§ 1
1
i 23 ACA:27%
[
025 4 1
[
[
1
1 <3 ACA:12%
[
om 1 T T T T T !I T T T T T
0 12 24 36 48 60 T2 B4 i) 108 120
Months after CR
mut?A.C.k 9‘9! NJ 8.‘5 ?_39 6:!3 548 4.1'? 12_0 31? 288 228

Figure 3. CIR in the series according to the presence of complex karyotype (Panel A) or very complex karyotype (Panel B).

the presence of three or more additional abnormalities
retained the statistical significance (p<.0001), together
with higher relapse-risk score (p<.001), male gender
(p=.008), and PETHEMA LPA96&99 trials (p=.05).
Univariate and multivariate analysis for CIR are showed
in Table 2.

Table 2. Multivariate analysis for cumulative incidence of relapse.

Variable p - multivariate HR (95% Cl)
Female gender .008 0.6 (0.4-0.9)
Higher relapse-risk group <.0001 2.1 (1.5-2.9)
Very complex karyotype (>3 ACA) .0009 2.7 (1.5-4.9)
PETHEMA LPA96&99 trials .05 1.4 (1.0-2.1)

ACA: additional cytogenetic abnormalities; CI: confidence interval.
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Figure 4. OS in the series according to the presence of complex karyotype (Panel A) or very complex karyotype (Panel B).



The 5-year overall survival was not different
between patients with complex karyotype and those
with no or one additional abnormality (83% versus
84%, p=.56) (Figure 4(A)). The 5-year overall survival
was not statistically different between patients with
very complex karyotype and those with 0 to 2
additional abnormality (76% versus 83%, p=.48)
(Figure 4(B)).

Discussion

The analysis of this large series of APL patients with
very mature follow up of more than 6.5 years (median)
enrolled in three consecutive front-line PETHEMA
protocols with a schedule based on ATRA plus
chemotherapy combination shows that patients with
three or more ACA have a much higher relapse rate
compared to those with two or less ACA. Four percent
of patients had three or more ACA, indicating that the
subset of very CK APL represents a specific subset of
the disease. The adverse prognostic impact for relapse
of a very complex karyotype was confirmed in the
multivariate analysis. Very CK did not impact on OS.

To the best of our knowledge, this is the largest study
analyzing the frequency and the impact of a complex
karyotype in genetically diagnosed de novo APL patients.
Interestingly, roughly one quarter of patients failed the
cytogenetic analysis, mainly because of absence of suffi-
cient evaluable metaphases. Although there might be a
trend towards disregarding conventional karyotyping
from the diagnostic screening for APL, in our protocols
this technique was recommended for all patients, which
is reflected by an adherence of 72% of enrolled patients.
It appeared that 25% of APL patients had at least
one ACA at diagnosis, consistent with previous
observations [1,4,11,14]. Our data presented here on
complex karyotypes are novel. The frequency of a com-
plex karyotype has been rarely reported in APL
[4,11,14,15]. We found that 8% had a complex karyotype
(2 or more ACA), as in two previously reported studies of
much smaller numbers [14,15]. In addition, we observed
that 4% had three or more additional abnormalities
(defined as a very complex karyotype), which is in the
range of that reported by Wiernick et al. in a relatively
small series (6 out of 140 patients) [13].

Little is known about the characteristics of APL
patients with complex karyotype at diagnosis. Several
studies have suggested significant associations
between the presence of ACA and lower platelet
counts, less low relapse-risk score, presence of coagul-
opathy [11], less M3v morphology [3,12], breakpoint at
BCR3 region [2], FLT3 gene mutations [32,33], and a
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trend towards younger age [4,11]. In our study, we
explored the relationship between complex karyotype
and the previously mentioned characteristics, but we
were not able to confirm any of these associations.
Accordingly, Poire et al. showed that the presence of
complex karyotype was not associated with age, sex,
initial WBC, morphologic subset, specific isoform, or
FLT3 mutations [15]. In our study, the only biological
characteristic associated with a complex karyotype
was CD34 antigen negativity in leukemic blasts, but
the correlation was weak (p=.04).

Regarding the clinical outcome, we found no effect
of complex karyotype on CR rate, as previously
described for ACA, both in the pre-ATRA, ATRA, and
ATO era [8,14]. An earlier analysis in 495 patients from
the PETHEMA LPA96&99 trials had demonstrated
that the 5-year relapse-free survival showed a non-
significant trend that correlated with the number of
ACA, (90% without ACA; 86% with 1 ACA; 83% with 2
ACA; and 78% with 3 ACA). Our data suggests that, as
in other AML subtypes [34], an increasing number of
genetic aberrations identified by conventional karyotyp-
ing/FISH confers a higher risk of relapse in APL. In line
with the randomized intergroup trial C9710 [15], more
relapses and less OS was observed among patients
with complex karyotypes as compared to those with
sole t(15;17) or with one ACA (5-year OS 53% versus
81%), regardless of the post-remission therapy (ATO
versus ATRA plus chemotherapy). However, Poire et al.
did not report the characteristics of complex karyotype
patients, and a multivariate analysis was not performed.
We believe that it is premature to make any recom-
mendation for risk-adapted strategies or tight molecular
monitoring in APL patients with more complex cyto-
genetics [35], especially when the paradigm of front-
line therapy for APL is moving to chemotherapy-free
regimens and the prognostic factors should be revisited
under the new circumstances. Nonetheless, our study
supports the continued routine use of cytogenetics in
the diagnostic work-up of APL [36].

In conclusion, this study shows, for the first time,
APL with very complex karyotype (at least three ACA)
represents a distinct subgroup of the disease with a
significantly enhanced risk of relapse.
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Appendix

The following institutions and clinicians participated in the
study: Argentina (Grupo Argentino de Tratamiento de la
Leucemia Aguda, GATLA)—Complejo Médico Policia Federal, La
Plata: L. Palmer; Fundaleu, Buenos Aires: I. Fernandez; Hospital
Clemente Alvarez, Rosario: S. Ciarlo, F. Bezares; Hospital de
Clinicas, Buenos Aires: F. Rojas; H. Longoni; Hospital General San
Martin, La Plata: M. Gelemur, P. Fazio; Hospital Rossi, La Plata:
C. Canepa, S. Saba, G. Balladares; Hospital San Martin de
Parana, Entre Rios: P. Negri; Instituto Privado de Hematologia,
Parana: M. Giunta;Instituto de Trasplante de Médula Osea, La
Plata: J. Milone, MV. Prates; Hospital Tornd, Buenos Aires: D.
Lafalse; Colombia— C. Sossa; Instituto FOSCAL, Bucaramanga:
F. Jaramillo; Fundacién Valle del Lili, Cali; Czech Republic—
Faculty Hospital, Brno: J. Mayer, M. Protivankova; IHBT, Prague:
J. Scwarz; Poland (Polish Adult Leukemia Group, PALG)—
Silesian Medical University, Katowice: A. Holowiecka-Goral;
Collegium Medicum Jagiellonian University, Krakow: B. Jakubas;
City Hospital, Rzeszow: A. Skret-Norwicz; City Hospital,
Poznan: P. Bizgalska-Skrzypek; Medical University, Lodz: A. Pluta;
Universitary Hospital, Szczecin: R. Becht; Universitary Hospital,
Wroclaw: M. Kielbinski; Center of Oncology, Kielce: M. Watek;
Medical University, Warsaw: M. Paluszewska; City Hospital,
Bydgoszcz: A. Gadomska; City Hospital, Krakow: E. Rzenno;
Medical University, Bialystok: J. Piszcz Institut of Hematology,
Warsaw: A. Ejduk, J. Dobrzanska; City Hospital, Tornd: M.
Calbecka, A. Kostyra; Medical University, Lublin: M. Malek; City
Hospital, Chorzow: S. Grosicki; Medical University School,
Gdansk:  W. Knopinska; Spain (Programa Espanol de
Tratamiento de las Hemopatias Malignas, PETHEMA)—Basurtuko
Ospitalea, Bilbao: J. M. Beltran de Heredia, Complejo
Hospitalario de Segovia: J.M. Hernandez; Complexo Hospitalario
Xeral-Calde, Lugo; J. Arias; Hospital Universitario, Ledn: F.
Ramos; Fundacion Jiménez Diaz, Madrid: A. Roman; Hospital 12
de Octubre, Madrid: J. de la Serna; Hospital Carlos Haya,
Malaga: S. Negri; Hospital Universitario Central de Asturias,
Oviedo: C. Rayén; Hospital Clinic, Barcelona: J. Esteve; Hospital
Clinico de Valladolid: F.J. Fernandez-Calvo; Hospital Clinico San
Carlos, Madrid: J. Diaz-Mediavilla; Hospital Clinico San Carlos
(H. Infantil), Madrid: C. Gil; Hospital Clinico Universitario,
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Santiago de Compostela: M. Pérez-encinas; Hospital Clinico
Universitario, Valencia: M. Tormo; Hospital Clinico Universitario
Lozano Blesa, Zaragoza: M. Olave; Hospital de Cruces, Barakaldo:
E. Amutio; Hospital del Mar, Barcelona: C. Pedro; Hospital de
Navarra, Pamplona: A. Gorosquieta; M. Viguria; M. Zudaire;
Hospital Dr Negrin, Las Palmas: T. Molero; Hospital Dr Peset,
Valencia: M. J. Sayas; Hospital Dr Trueta, Girona: R. Guardia;
Hospital General de Albacete: F. Manso; Hospital General de
Alicante: C. Rivas; Hospital General de Alicante (Oncologia
Pediatrica): C. Esquembre; Hospital General de Castellon: R.
Garcia; Hospital General de Especialidades Ciudad de Jaén:
A. Alcala; J.A. Lopez; Hospital General de Jerez de la Frontera: V.
Rubio; Hospital General de Murcia: M.L. Amigo; Hospital General
de Valencia: M. Linares; 1CO-Hospital Germans Trias i Pujol,
Badalona: J. M. Ribera; Hospital Insular de Las Palmas: J. D.
Gonzalez San Miguel; Hospital Juan Canalejo, A Coruna: G.
Debén; Hospital Joan XXIll, Tarragona: L. Escoda; Hospital La
Princesa, Madrid: R. de la Camara; Hospital Materno-Infantil de
Las Palmas: A. Molines; Hospital do Meixoeiro, Vigo: C. Loureiro;
Hospital Montecelo, Pontevedra: MJ. Allegue; L. Amador;
Hospital Mutua de Terrasa: J.M. Marti; Hospital Nino Jesus,
Madrid: L. Madero; A. Lassaletta; Hospital Ntra. Sra. de Sonsoles,
Avila: M. Cabezudo; Hospital Ramén y Cajal, Madrid: J. Garcia-
Larana; Hospital Reina Sofia, Cérdoba: R. Rojas; Hospital Rio
Carrion, Palencia: F. Ortega; Hospital Rio Hortega, Valladolid: M.
J. Penarrubia; Hospital San Jorge, Huesca: F. Puente; Hospital
San Rafael, Madrid: B. Lopez-lbor; Hospital Sant Pau, Barcelona:
S. Brunet; Hospital San Pedro de Alcantara, Caceres: J. M.
Bergua; Hospital Santa Maria del Rosell, Cartagena: J. Ibanez;
Hospital Severo Ochoa, Leganés: P. Sanchez, Hospital Son
Dureta, Palma de Mallorca: A. Novo; Hospital de Tortosa: LL.
Font; Hospital Txagorritxu, Vitoria: J. M. Guinea; Hospital
Universitario del Aire, Madrid: A. Montero; Hospital Universitario
de Salamanca: M. Gonzalez; Hospital Universitario La Fe,
Valencia: M. A. Sanz, G. Martin, J. Martinez, P. Montesinos;
Hospital Universitario La Fe (Hospital Infantil), Valencia: A.

Verdeguer; Hospital Universitario La Paz (Hospital Infantil),
Madrid: P. Garcia; Hospital Universitario Marqués de Valdecilla,
Santander: E. Conde; Hospital Universitario Principe de Asturias,
Alcala de Henares: J. Garcia; Hospital Universitario Puerta del
Mar, Cadiz: F.J. Capote; Hospital Universitario Puerta de Hierro,
Madrid: 1. Krsnik; Hospital Universitario Vall D'Hebron, Barcelona:
J. Bueno; Hospital Universitario Materno-Infantil Vall D'Hebron,
Barcelona: P. Bastida; Hospital Universitario Virgen de la
Arrixaca, Murcia: A. Rubio; Hospital Universitario Virgen de la
Arrixaca (Pediatria), Murcia: J.L. Fuster; Hospital Universitario
Virgen del Rocio, Sevilla: J. Gonzilez; Hospital Universitario
Virgen de la Victoria, Malaga: I. Pérez; Hospital Virgen del
Camino (Infantil), Pamplona: J. Molina; Hospital Virgen del
Camino (Adultos), Pamplona: M.C. Mateos; M.A. Ardaiz; Clinica
San Miguel, Pamplona: M. Rodriguez-calvillo; Hospital Xeral Cies,
Vigo; C. Poderds; Institut Catala d'Oncologia, Hospitalet de
Llobregat; M. Arnan, R. Duarte; Hospital de Fuenlabrada,
Fuenlabrada: J.A. Hernandez;, Hospital General de Guadalajara,
Guadalajara: M. Diaz-Morfa; Hospital Juan Ramén Jimenez,
Huelva: E. Martin-Chacén; Hospital Doctor José Molina Orosa,
Lanzarote: J.M. Calvo-Villas; Hospital Madrid Norte Sanchinarro,
Madrid: D. Garcia-Belmonte; Hospital U. La Paz, Madrid: D.
Hernandez-Maraver; The Netherlands (The Dutch-Belgian
Hemato-Oncology Cooperative Group, HOVON) —VU Medical
Center Amsterdam: G. J. Ossenkoppele; Academic Medical
Center, University of Amsterdam: J. van der Lelie; Erasmus
University Medical Center, Rotterdam: B. Lowenberg, P.
Sonneveld, M. Zijlmans; University Medical Center, Groningen: E.
Vellenga; Gasthuisberg Hospital, Leuven: J. Maertens; OLVG
Hospital, Amsterdam: B. de Valk; Den Haag Hospital, Leyenburg:
P.W. Wijermans; Medical Spectrum Twente Hospital, Enschede:
M.R. de Groot; Academic Hospital Maastricht: H.C. Schouten; St.
Antonius Hospital, Nieuwegein: D.H. Biesma; Sophia Hospital,
Zwolle: M. van Marwijk Kooy; Uruguay —Hospital Maciel,
Montevideo: E. de Lisa.
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