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The prognosis for patients diagnosed with acute myeloid leukemia (AML) suitable for
intensive chemotherapy, is defined by the presence of specific genetic abnormalities (1,
2). Among these, mutations in CCAAT/enhancer binding protein alpha (CEBPA) gene
have classically classified as favorable risk(3). The frequency of CEBPA gene
mutations ranges 7-20%(4, 5), being present mostly in cytogenetically normal patients.
While wild-type CEBPA (CEBPAwt) or CEBPA single mutation (CEBPAsm) patients
have ~160% risk of relapse, this risk is ~40% in those with CEBPA double mutation
(CEBPAdm)(5). These findings led to the inclusion of CEBPAdm AML as a distinct
diagnostic entity in the 2016 WHO Classification(6) and as favorable risk group by
2017 European Leukemia Net (ELN) risk classification(7). However, a study in children
and young adults enrolled in Children’s Oncology Group Trials showed that CEBPA
mutations in bZIP region conferred favorable prognosis, regardless of whether they are
CEBPAsm or CEBPAdm(8). This finding was confirmed in adult patients enrolled in
protocols of the Study Alliance Leukemia(9), where bZIP mutations were associated
with higher overall survival (OS) and complete remission (CR) rate. This data led to
refinement of 2022 ELN risk classification(2), defining as favorable risk only the
presence of inframe bZIP CEBPA mutation (CEBPA-bZIP-inf).

In this study, we aim to describe the incidence, clinical-biological features, and
prognosis of CEBPA mutations, including CEBPA-bZIP-inf, in a large series of real-life
consecutive patients, homogeneously studied with harmonized Next Generation
Sequencing (NGS) methodologies. For this purpose, we conducted a retrospective,
non-interventional, multicenter study in the PETHEMA epidemiologic registry (N=2434
consecutive patients with available centralized NGS) involving seven Spanish central-
core laboratories (PLATAFO-LMA protocol, NCT04446741). The consortium members

are included in Supplementary material.

Of them, a total of 696 Intensively Treated AML (IT AML) patients (= 18 years)
diagnosed with AML according to WHO 2016(6) criteria since October 2017, with
treatment and survival data were included. The ELN2017 was used for risk
stratification(7). The intensive schedules consisted mainly in anthracycline plus Ara-C-
based regimens, such as 3+7 (idarubicin or daunorubicin and Ara-C) (n=493, 66.5%),
mitoxantrone plus Ara-C, FLAG-IDA, FLAT (fludarabine, Ara-C, and topotecan), or ICE

(idarubicin, Ara-C, and etoposide).

Genomic DNA, extracted from bone marrow (or peripheral blood) of each patient at the
time of diagnosis, was shipped and analyzed at reference hospitals. The AML

PETHEMA Diagnostic network employs harmonized next-generation sequencing



protocols for analysis and reporting with external quality control rounds(10). All
reference laboratories performed the analysis of at least 32 genes established by
consensus due to their importance in AML In all cases, CEBPA gene was entirely
sequenced(10). Mutation in bZIP-inf was considered if they are multiples of 3bp and
affect DNA binding, fork or bZIP from amino acid position 278 to C-terminus as

previously stated(9).

A total of 82 patients out of 696 IT AML patients (11.8%) harbored CEBPA gene
mutations by NGS. Among them, 45 had mutation within bZIP domain and 40 fulfilled
criteria of CEBPA-bZIP-inf (5.7%). Among CEBPA-bZIP-inf, 22 were CEBPAdm and 18
CEBPAsm. Figure 1S shows patients flow chart classified from the detection of any
CEBPA gene mutation to the final categorization as CEBPA-bZIP-inf.

Main characteristics of entire cohort according to CEBPA status [i.e, bZIP-inf vs. other
CEBPA mutations (CEBPA other mut) vs. wild-type CEBPA (CEBPAwt)] are detailed in
Table 1. Patients with CEBPA-bZIP-inf were significantly younger than other
CEBPAmut and CEBPAwt (49.6 vs. 60.6 vs. 57.8 years respectively, P=0.009). Patients
harboring CEBPA-bZIP-inf mutation had an estimated 3-year survival of 83.3% (95%Cl,
58.3-100) better than those with CEBPA other mut (54.3%, 95%CI| 34.9-84.4) and
those with CEBPAwWt (47.2%, 95%CI 41.5-53.7) albeit no statistical differences were
reached (P=0.17 for both comparisons) (Figure 1A). To seek the prognosis importance
of being strictly “inframe” bZIP mutations, we performed similar OS analyses grouping
all bZIP mutations (including not-inframe). Thus, patients harboring grouped CEBPA-
bZIP mutations had also a 3-year survival [87.5 (95% CI, 67.3-100)] better than those
with CEBPA other mut [47.9 (95%CI, 27.9-82.2)] and those with CEBPAwt [47.2%
(95%CI (41.5-53.7), P=0.068 for both comparisons] (Figure 1B).

The mutational landscape found in patients with bZIP-inf (median number of mutations
1.5, range 0-5) compared CEBPA other mut (median number of mutations 2.5, range O-
7) is displayed in Figure 2A. We identified at least one mutation in any of the genes
included in the study panel in 82 patients with CEBPA mutations (median. Only 17
patients (13.69%) had no additional mutations. From these 17 patients (47 % CEBPA-
bZIP-inf), karyotype data was only available for 5 patients (2 patients had intermediate
risk, 1 had favorable risk and 2 had normal karyotype). We identified significantly
higher percentage of mutations in WT1, GATA2 y C-KIT in patients with CEBPA-bZIP-
inf compared to CEBPA other mut (20% vs 4.8%, 20% vs. 7.1 and 5% vs. 0%,
respectively). By contrast, CEBPA other mut patients harbored significantly higher
percentage of mutations in ASXL1 and NPM1 genes than CEBPA-bZIP-inf (19% vs.



2.5%, 28.5% vs. 2.5%, and 14.3% vs. 5% respectively). These differences are
maintained when grouping all CEBPA-bZIP mutations compared to CEBPA other mut.

Additionally, we performed analysis to infer the timing of co-mutation occurrence
among all CEBPA mutated AML patients by using the Bradley-Terry model(11). As
displayed in Figure 2B, TP53 mutations, chromatin modificators mutations (ASXL1,
EZH2), epigenetic regulators (TET2, DNMT3A) and splicing machinery mutations
(SF3B1, UA2F1) seem to occur earlier. By contrast, mutations in NPM1 and signaling
pathways (NRAS, KRAS and FLT3) seem to occur later.

Finally, we studied the impact on OS of the presence of co-mutations in CEBPA-bZIP-
inf and CEBPA other mut. The presence of mutations in WT1 and GATA2 genes did not
modify the prognosis of CEBPA-bZIP-inf patients. In the same way, no statistical
differences were found analyzing the impact of mutations in the myelodysplasia-
associated genes SRSF2, SF3B1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR, RUNX1 or
STAG?2 in patients with CEBPA-bZIP-inf. However, the presence of mutations in TET2
genes conferred worse outcomes to CEBPA-bZIP-inf (P =0.064) and FLT3 mutations
conferred significant worse outcomes only to CEBPA other mut patients (P=0.042).
These differences are maintained when grouping all CEBPA-bZIP mutations compared
to CEBPA other mut.

Since the first description of mutations in CEBPA gene in AML, the definition of which
type had diagnosis entity and clinical prognostic impact, has evolved(3). Currently,
WHO 2022 includes biallelic CEBPA mutations (independent of the gene region) and
single mutations located in the bZIP region(12), but ICC only accepts a narrower
definition CEBPA-bZIP-inf mutations (independent of the allelic state)(13) as defined
also as favorable prognosis category in ELN 2022(2). Therefore, this recent step
forward of ICC and ELN2002 statements implies a meaningful paradigm shift in the
way AML with CEBPA mutations must be diagnosed and prognostically defined. This
notable change has been made based mainly on the results of two large series of
pediatric and adult patients intensively treated in clinical protocols and analyzed using

different methologies(8, 9).

We confirm that CEBPA-bZIP-inf is associated with favorable prognosis among fit AML
patients intensively treated, but we also suggest that all CEBPA-bZIP (inframe and
others) could be categorized as favorable risk. These findings were also in agreement
with those reported by Taube et al when analyzed only bZIP-inf and all bZIP mutations

differentially(9). Importantly, other studies have reported favorable outcomes when



grouping all bZIP mutations(8, 14). Altogether, these results question whether the
restriction to bZIP-inf mutations as defined by ICC and ELN2022 has a meaningful
clinical or diagnostic impact, while it is sure that it could increase complexity when
reporting and interpreting these mutations. Moreover, although some data suggest that
CEBPA bZIP-mutant does not downregulate miR-182 and this incapability could be
restricted to typical in-frame bZIP mutations(15), there is no a clear evidence of
CEBPA-bZIP-inf as a biological distinct entity.

Additionally, we observed that CEBPA-bZIP-inf carried more frequently well-known co-
mutations as WT1 and GATA2, whereas in CEBPA other mut, ASXL1 mutations and
NPM1 mutations were more frequent. It is important to remark the relatively frequent
co-existence of mutations in NPM1 and CEBPA, both defining diagnostic entities in
current WHO and ICC classifications , which is homogeneously found in up to 5% of
CEBPA-bZIP-inf cases in our series and others(8, 9, 14). This finding opens the
guestion of the real-independent diagnosis entity of CEBPA-bZIP-inf which should be

mutually exclusive with other genetically defined AML entities.

The role of co-mutations in CEBPA mutated patients has been extensively analyzed
with discordant results. Prior studies reported inferior outcomes among CEBPAdm with
GATA or WT1 co-mutations(3, 5) However, when restricting the analyses to the bZIP-
inf, the negative impact of these co-mutations is less clear since conflicting results have
been published(8, 9, 14). In our series, neither GATA nor WT1 mutations adversely
impact clinical outcome. Interestingly, the presence of mutations in TET2 gene could
negatively impact prognosis in CEBPA-bZIP-inf patients in agreement with Taube et
al(9).

The strengths of our study are to be a very large series of real-life consecutive patients,
homogeneously analyzed within a harmonized NGS nationwide platform. In summary,
CEBPA-bZIP-inf confer a favorable OS, compared to CEBPA other mut, but the narrow
definition of in-frame could not be clinically relevant while increasing complexity for
routine practice. although larger series are undoubtedly needed to firmly conclude this

statement.
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Table 1. Demographic and clinical characteristics of intensively treated AML patients
including wild-type CEBPA, bZIP in-frame CEBPA mutation and other CEBPA mutation.

CEBPA other

Total CEBPA bZIPinf mut CEBPA wt P-value
n 696 40 42 614
Sex, n (%) 0.10
Female 310 (44.5%) 12 (30.0%) 16 (38.1%) 282 (45.9%)
Male 386 (55.5%) 28 (70.0%) 26 (61.9%) 332 (54.1%)
. 57.5 (48.0 - 49.6 (39.6 - ) 57.8 (48.2 -
Age, median (IQR) 64.7) 58.3) 60.6 (47.9- 66.6) 64.8) 0.009
Age group, n (%) <0.001
> 60 288 (41.4%) 6 (15.0%) 23 (54.8%) 259 (42.2%)
<60 408 (58.6%) 34 (85.0%) 19 (45.2%) 355 (57.8%)
Type of AML, n (%) 0.19
De-novo 449 (73.5%) 19 (90.5%) 18 (75.0%) 412 (72.8%)
Secondary 162 (26.5%) 2 (9.5%) 6 (25.0%) 154 (27.2%)
ECOG, n (%) 0.32
0 277 (49.7%) 10 (50.0%) 15 (68.2%) 252 (48.9%)
1 227 (40.8%) 8 (40.0%) 5 (22.7%) 214 (41.6%)
2 35 (6.3%) 1 (5.0%) 1 (4.5%) 33 (6.4%)
3 13 (2.3%) 0 (0.0%) 1 (4.5%) 12 (2.3%)
4 5 (0.9%) 1 (5.0%) 0 (0.0%) 4 (0.8%)
WBC (x1079/L),
median (IQR) 9.2(2.9-41.2) 15.7(4.6-98.4) 26.2(3.7-82.2) 8.9 (2.7-39.9) 0.26
BM blast cells, 56.0 (51.5 - 59.0 (26.0 -
median (IQR) 33.6 (9.0 - 64.0) 74.5) 80.5) 30.0 (8.0 - 61.5) 0.0007
Creatinine mg/dL,
median (IQR) 0.8 (0.7 - 1.0) 0.8 (0.7 - 1.0) 0.9 (0.7 - 1.0) 0.8 (0.7 - 1.0) 0.77
WHO by Differentiation,
n (%) 0.36
Minimal Differentiation 37 (10.0%) 0 (0.0%) 1 (6.2%) 36 (10.4%)
Without+With Maturation 137 (37.1%) 7(77.7%) 9 (56.3%) 121 (35.0%)
Myelomonocytic 93 (25.1%) 0 (0.0%) 4 (25.0%) 89 (25.8%)
Monocytic 85 (23.0%) 2 (22.2%) 2 (12.5%) 81 (23.5%)
Erythorid 13 (3.5%) 0 (0.0%) 0 (0.0%) 13 (3.8%)
Megacarioblastic 5 (1.4%) 0 (0.0%) 0 (0.0%) 5 (1.4%)
MRC cytogenetic risk, n
%) 0.44
Favorable 41 (7.9%) 0 (0.0%) 1 (4.8%) 40 (8.3%)
Intermediate 98 (19.0%) 4 (25.0%) 6 (28.6%) 88 (18.3%)

Normal Karyotype

244 (47.2%)

10 (62.5%)

11 (52.4%)

223 (46.5%)

Unfavorable

134 (25.9%)

2 (12.5%)

3 (14.3%)

129 (26.9%)

Targetable mutations




FLT3, n (%) 199 (28.6%) 7 (17.5%) 11 (26.2%) 181 (29.5%) 0.26
IDH1, n (%) 76 (10.9%) 2 (5.0%) 6 (14.3%) 68 (11.1%) 0.39
IDH2, n (%) 92 (13.2%) 2 (5.0%) 2 (4.8%) 88 (14.4%) 0.063
KIT, n (%) 28 (4.0%) 2 (5.0%) 0 (0.0%) 26 (4.2%) 0.43
NPM1, n (%) 208 (29.9%) 1 (2.5%) 12 (28.6%) 195 (31.8%) < 0.0001
HSCT, n (%) 0.051
Allogeneic 163 (23.4.4%) 4 (10.0%) 9 (21.4%) 150 (24.4%)
Autologous 45 (6.4%) 3 (7.5%) 0 (0.0%) 42 (6.8%)
Treatment response 0.04
CR+CRIi 426 (71.6%) 10 (83.3.3%) 17 (85.0%) 399 (70.9%)
Partial remission 26 (4.4%) 2 (16.7%) 0 (0.0%) 24 (4.3%)
Resistance 101 (17.0%) 0 (0.0%) 1 (5.0%) 100 (17.8%)
Death 42 (7.1%) 0 (0.0%) 2 (10.0%) 40 (7.1%)
No. of deaths, n (%) < 0.0001

No

492 (70.7%)

39 (97.5%)

34 (81.0%)

419 (68.2%)

Yes

204 (29.3%)

1 (2.5%)

8 (19.0%)

195 (31.8%)

IQR: Interquartile-range; AML: Acute Myeloid Leukemia; ECOG: Eastern Cooperative Oncology Group;
WBC: White Blood Cell; BM: Bone Marrow; MRC: Medical Research Council. HSCT: hematopoietic stem
cell transplantation; CR: Complete Remission; CRi: Complete Remission with incomplete count recovery.
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FIGURE LEGENDS

Figure 1. Overall survival probability curves (%) of Intensively Treated acute Myeloid
Leukemia (IT AML) patients: A: patients with mutation CEBAP-bZIP-inf (red line), with
other CEBPA mutation (green line) and CEBPAwt mutation (blue line); B: patients with
all CEBAP-bZIP mutations including non-inframe (CEBPA bZIP, red line), with CEBPA
other mut (green line) and CEBPAwt (blue line).

Figure 2. Genomic characterization of CEBPA mutated patients: A: Co-mutational
spectrum of the 82 patients with CEBPA mutations. Each column represents 1 subject.
B). Comparison of percentage of patients with additional specific gene mutations
between CEBPA-bZIP-inf and CEBPAother mut. B: Bradley-Terry model to infer the
timing of co-mutation occurrence by using the Bradley-Terry model(11). As displayed
TP53 mutations, chromatin modificators mutations (ASXL1, EZH2), epigenetic
regulators (TET2, DNMT3A) and splicing machinery mutations (SF3B1, UA2F1) seem
to occur earlier. By contrast, mutations in NPM1 and signaling pathways (NRAS, KRAS

and FLT3) seem to occur later.
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Figure 18S. Classification flow-chart of patients according to the presence of CEBPA mutations detected by NGS.
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APPENDIX

Spanish PETHEMA central laboratories: Hospital Universitario La Fe (HULF,
Valencia),Hospital Universitario de Salamanca (HUS, Salamanca), Hospital
Universitario 12 de Octubre (H120, Madrid), Hospital Universitario Virgen del Rocio
(HUVR, Sevilla), Hospital Universitario Reina Sofia (HURS, Cdérdoba), Hospital
Universitario de Gran Canaria Dr. Negrin (HUDN, Las Palmas de Gran Canaria) and
CIMA LAB Diagnostics (UNAV, Pamplona).S

Appendix Institutions and clinicians participating in the PETHEMA
epidemiologic registry of acute myeloid leukemia and acute promyelocytic
leukemia: Argentina (Grupo Argentinopara el Tratamiento de la Leucemia Aguda -
GATLA)— Hospital de Clinicas, Buenos Aires:

F. Rojas; H. Longoni; Fundaleu, Buenos Aires: G. Milone, I. Fernandez, Clinica Conciencia,
Neuqguén: R. Ramirez; Hospital Rossi ,La Plata : C. Canepa, S. Saba, G. Balladares,
Hospital General San Martin, Parana : G. Milone, C. Ventiurini, R. Mariano, P. Negri;
Hospital Italiano de La Plata, La Plata: M. V. Prates, J. Milone; Hospital General San Martin,
La Plata:P. Fazio, M. Gelemur; Hospital Clemente Alvarez, Rosario: G. Milone, S. Ciarlo, F.
Bezares; Hospital de Cérdoba, Cérdoba: L. Lopez , Hospital Privado de Cérdoba,
Cérdoba: J. J.Garcia; Instituto Privado Hematologia, Parana: P. Negri, M. Giunta, G. Milone;
Hospital Teodoro Alvarez, Buenos Aires: M. Kruss; Hospital Tornu, Buenos Aires: D.
Lafalse, G. Milone; Hospital Gobernador Centeno, La Pampa: E. Marquesoni, M. F. Casale;
Hospital Italiano de Buenos Aires, Buenos Aires: A. Gimenez , E. B. Brulc, M. A. Perusini;
Complejo Médico Policia Federal, La Plata: G. Milone, L. Palmer; Colombia (Asociacién
Colombian de Hematologia y Oncologia - ACHO)—Clinica La Estancia, Popayan: M. E.
Correa; Fundacién Valle del Lili, Cauca: F.J. Jaramillo, J. Rosales; FOSCAL, Facultad de
Ciencias de la Salud, Universidad Auténoma de Bucaramanga, Bucaramanga: C. Sossa, J.
C. Herrera ; Hospital Pablo Tobon Uribe, Antioquia: M. Arango; Poland (Polish Adult
Leukemia Group - PALG)—City Hospital Legnica, Baja Silesia: J. Holojda; IHIT Hematology
and transfusiology institute, Warszawa: A. Golos, A. Ejduk; Wojewddzki Szpital
Specjalistyczny w Olsztynie, Olsztyn: B. Ochrem; WIM (Military Institute of Medicine in
Warsaw), Warszawa: G. Matgorzata; Poland Medical University of Warsaw Banacha,
Warszawa:A. Waszczuk-Gajda, J. Drozd-Sokolowska, M. Czemerska, M. Paluszewska;
Medical University School Gdansk, Gdansk: E. Zarzycka; Wojewodzki Szpital
Specjalistyczny im. Sw.. Jadwigi Slaskiej, Opole: A. Masternak; Hospital Brzozow, Brzozow:
Dr. Hawrylecka; Medical University Lublin, Lublin: M. Podhoreka, K. Giannopoulos, T.

Gromek; Medical University Bialystok, Bialystok: J. Oleksiuk; Silesian Medical University
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Katowice, Katowice:bA. Armatys, G. Helbig; Universitary Hospital Wroclaw ,Wroclaw: M.
Sobas; Poznan University of Medical Sciences, Pozna: A. Szczepaniak; Rydigier City
Hospital Krakow, Krakow: E. Rzenno, M. Rodzaj; Collegium Medicum Jagiellonian
University Krakow, Krakow: B. Piatkowska-Jakubas; City Hospital Rzeszdw,Rzeszow: A.
Skret; Medical University Lodz, Lodz: A. Pluta, M. Czemerska; Center of 16 Oncology
Kielce, Kielce: E. Baranska; Medical University of Warsaw , Warsaw : M. Paluszewska;
Portugal—Hospital de Santa Maria-Lisboa, Lisboa:G. Vasconcelos, J. Brioso; IPOFG
Lisboa, Lisboa: A. Nunes, I. Bogalho; Centro Hospitalar e Universitario de Coimbra,
Coimbra: A. Espadana, M. Coucelo, S. Marini, J. Azevedo, A. 1. Crisostomo, L. Ribeiro, V.
Pereira; Centro Hospitalar de Lisboa Central E. P. E. , Lisboa: A. Botelho; Instituto
Portugués Oncologia do Porto Francisco Gentil, Porto: J. M. Mariz; Centro Hospitalar Sao
Joao, Porto: J. E. Guimaraes, E. Aguiar; Centro Hospitalar do Porto E.P.E. ,Porto: J.
Coutinho; Spain (Programa Espanol de Tratamiento de las Hemopatias Malignas,
PETHEMA)—Complejo Hospitalario Universitario A Corufia, A Corufa: V. Noriega, L.
Garcia, C. Varela, G. Debén, M. R. Gonzalez; Hospital Clinico Universitario de Santiago, A
Corufia: M. Encinas, A. Bendaiia, S. Gonzalez, J.L. Bello, M. Albors; Hospital General de
Albacete, Albacete: L. Algarra, J.R.Romero, J.S.Bermon, M.J. Varo; Hospital Vinalopd,
Alicante: V. Lopez, E. Lopez; Hospital Virgen de los Lirios, Alcoy: C. Mora, C. Amords;
Hospital General Elche, Alicante: E. Lopez, A. Romero; Hospital Torrevieja Salud, Alicante:
A. Jaramillo, N. Valdez, I. Molina, A. Fernandez, B. Sdnchez; Hospital de la Marina Baixa
Villajoyosa, Alicante: A. Garcia; Hospital General de Elda, Alicante: V. Castafo, T. Lopez, J.
Bernabeu; Hospital de Denia-Marina Salud, Alicante: M.]. Sanchez; Hospital de la Vega
Baja de Orihuela, Alicante: C. Fernandez; Hospital General de Alicante, Alicante: C. Gil, C.
Botella, P. Fernandez, M. Pacheco, F. Tarin; ].J. Verdd; Complejo Hospitalario
Torrecardenas, Almeria: M.J. Garcia ,A. Mellado, M.C. Garcia, J. Gonzalez; Hospital
Universitario Central de Asturias, Asturias, Instituto Universitario de Oncologia del
Principado de Asturias, Instituto de Investigacion Sanitaria del Principado de Asturias,
IUOPA, ISPA: T. Castillo, E. Colado, S. Alonso; Complejo Asistencial Avila, Avila: 1. Recio,
M. Cabezudo, J. Davila, M. 1. Rodriguez, A. Barez, B. Diaz; Hospital Don Benito-Villanueva,
Badajoz: J. Prieto; Institut Catala d'Oncologia L "Hospitalet, Barcelona: M. Arnan, C. Marin,
M. Mansilla; Hospital de Cruces, Bizkaia: A. Balaberdi, M. E. Amutio, R. A. del Orbe, 1.
Ancin, J. C. Ruiz; Hospital Galdakao-Usansolo, Bizkaia: M. Olivalres,C. Gdmez, I. gonzalez,
M. Celis, K. Atutxa, T. Carrascosa, T. Artola, M. Lizuain; Basurtuko Ospitalea, Bizkaia: J .I.
Rodriguez, O. Arce, J. A. Marquez, J. Atuch, F. Marco de Lucas, Z. Diez, B. Davila; Hospital
Santos Reyes, Burgos: R. Cantalejo, M. Diaz; Hospital Universitario de Burgos, Burgos: J.
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Labrador, F. Serra, G. Hermida, F. J. Diaz, P. de Vicente, R. Alvarez: Hospital Santiago
Apéstol, Burgos: C. Alonso, Hospital San Pedro de Alcantara, Caceres: J. M. Bergua;
Hospital Campo Arafuelo, Caceres: N. Ugalde; Hospital Virgen del Puerto, Caceres: E.
Pardal; Hospital General Jerez de la Frontera, Cadiz: 17 R. Saldana, F. Rodriguez, E. Martin,
L. Hermosin; Hospital Universitario Puerta del Mar, Cadiz: M. P. Garrastazul, I. Marchante,
J. A. Raposo, F. J. Capote; Hospital U. Marqués de Valdecilla, Cantabria: M. Colorado, A.
Batlle, L. Yanez, S. Garcia, P. Gonzalez, E. M. Ocio, M. Briz, A. Bermudez, S. Garcia;
Consorcio Hospitalario Provincial de Castellon, Castelldn: C. Jiménez, S. Beltran; Hospital
de Vinaroz: M. Montagud; Hospital Universitario de La Plana, Castellon: I. Castillo;
Hospital General de Castellon, Castellon: R. Garcia, A. Gascon, J. Clavel, A. Lancharro, L.
Lnares; Hospital Santa Barbara , Ciudad Real: M. M. Herraez, A. Milena; Hospital Virgen de
Altagracia, Ciudad Real: M. J. Romero, Hospital General de Ciudad Real, Ciudad Real: B.
Hernandez, C. Calle, R. Benegas; Hospital Gutierrez Ortega de Valdepenas, Ciudad Real:
Dr. Bolivar; Hospital General La Mancha Centro, Ciudad Real: M. A. Pozas; Hospital Reina
Sofia, Cordoba: J. Serrano, F. J. Dorado, J. Sanchez, M. C. Martinez; Hospital Virgen de la
Luz, Cuenca: C. J. Cerverd, M. 1. Busto; Hospitales HUVN-HC San Cecilio de Ganada,
Granada: M. Bernal, E. Lopez, L. Moratalla, Z. Mesa, M. Jurado, A. Romero, P. Gonzdlez;
Complejo Hospitalario Universitario Granada, Granada: L. Moratalla, A. Romero, L. Lépez;
Hospital Universitario de Guadalajara, Guadalajara: M. Diaz, D. De Miguel, A. B. Santos, J.
Arbeteta; Hospital Donostia, Donosti: E. Pérez, N. Caminos, N. Uresandi, N. Argoitiaituart,
T. Artola, J. Swen, A. Uranga, I. Olazaba, M. Lizuain, E. Gainza, P. Romero; Hospital Juan
Ramon Jimenez Huelva, Huelva: E. Gil, A. J. Palma, K. G. Gdmez, M. Solé, J. N. Rodriguez;
Hospital San Jorge, Huesca: I. M. Murillo, J. Marco, J. Serena, V. Marco; Hospital de
Barbastro, Huesca: M. Perella, L. Costilla; Hospital General Ciudad de Jaen, Jaén: J. A.
Lépez, A. Baena, P. Almagro; Hospital San Pedro de Logrofio, La Rioja: M. Hermosilla, A.
Esteban, B. A. Campeny, M. J. Najera, P. Herrra; Hospital Insular de Las Palmas, Las
Palmas: R. Fernandez, J. D. Gonzalez, L. Torres; Hospital Dr. Negrin, Las Palmas: S.
Jiménez; M. T. Gomez, C. Bilbao, C. Rodriguez; Hospital Doctor José Molina Orosa, Las
Palmas: A. Hong, Y. Ramos de Laon, V. Afonso; Hospital Universitario de Ledn, Ledn: F.
Ramos, M. Fuertes; Hospital Comarcal del Bierzo, Ledn: E. de Cabo, C. Aguilera, M.
Megido; Hospital Universitari Arnau de Vilanova de Lleida, Leida: T. Garcia; Hospital
Universitario Lucus Augusti, Lugo: E. Lavilla, M. Varela, S. Ferrero, M. J. Sanchez, L. Lopez,
J. Arias, A. Lorenzo; Hospital Infanta Sofia, Madrid: A. Roldan, A. Vilches, M. J. Penalva, J.
Vazquez; Hospital Central de la Defensa Gomez Ulla, Madrid: M. T. Calderdn, A. Matilla, C.
Seri, M. 1. Otero, N. Garcia, E. Sandoval; Hospital de Fuenlabrada, Madrid: C. Franco, R.
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Flores, P. Bravo, A. Ldpez; Hospital Fundacion Jiménez Diaz, Madrid: J. L. Lépez, C. Blas, A.
Diez, J. M. Alonso, C. Soto, A. Arenas; Hospital U. Principe de Asturias, Madrid: J. Garcia, Y.
18 Martin, P. S. Villafuerte, E. Magro; Hospital Puerta de Hierro, Madrid: G. Bautista; A. De
Laiglesia; Hospital Gregorio Marainén, Madrid: G. Rodriguez, L. Solan, M. Chicano, P.
Balsalobre, S. Monsalvo, P. Font, D. Carbonell, C. Martinez; Hospital U. La Paz, Madrid: K.
Humala, A. E. Kerguelen, D. Hernandez, M. Gasior, P. Gdmez, 1. Sanchez; Hospital Madrid
Norte Sanchinarro, Madrid: S. Redondo, L. Llorente, M. Bengochea, J. Pérez; Hospital
Sanitas Torrejon, Madrid: A. Sebrango, M. santero, A. Morales; Hospital La Princesa,
Madrid: A. Figuera, P. Villafuerte, A. Alegre, E. Fernandez; Hospital Ruber Internacional,
Madrid: A. Alonso; Hospital 12 de Octubre, Madrid: M. P. Martinez, J. Martinez, M. T.
Cedena, L. Moreno; MD Anderson Cancer Center, Madrid: A. De la Fuente; Hospital
Sanitas La Zarzuela, Madrid: D. Garcia; Hospital Universitario Quiron, Madrid: C.
Chamorro, V. Pradillo, E. Marti, J. M. Sanchez, 1. Delgado, A. Alonso; Hospital Rey Juan
Carlos, Madrid: B. Rosado, A. Velasco, C. Miranda, G. Salvatierra, J. M. Alonso,, J. L. Lopez;
Hospital Infanta Leonor, Madrid: M. Foncillas, J. A. Hernandez; Hospital Universitario de
Getafe, Madrid: C. Escolano, L. Garcia, I. Delgado; Hospital Clinico San Carlos, Madrid: C.
Benabente, R. Martinez, M. Polo, E. Anguita; Hospital Universitario Severo Ochoa, Madrid:
R. Riaza, G. Amores, M. J. Requena; Hospital Universitario Fundacién Alcorcon, Madrid: F.
Javier, L. Villaloon; Hospital Universitario Moncloa, Madrid: C. Alaez, V. Pradillo, S. Nistal,
B. Navas; Hospital Universitario de Méstoles, Madrid: J. Sanchez, M. A. Andreu; Hospital
Ramon y Cajal, Madrid: P. Herrera, J. Ldpez; Hospital U. Virgen de la Victoria, Malaga: M.
Garcia, M. J. Moreno, A. Fernandez, M. P. Queipo; Hospital Quironsalud Méalaga, Malaga: A.
Hernandez; Hospital Regional de Malaga, Malaga: M. Barrios, A. Heiniger, A. Jiménez, A.
Contento, F. Ldpez, M. Alcala; Hospital Vithas Xanit Internacional, Malaga: S. Lorente, M.
Gonzalez, E. M. Morales, J. Gutierrez; Hospital Virgen del Castillo, Murcia: M. J. Serna, V.
Beltran; Hospital Santa Lucia de Cartagena, Murcia: M. Romera, M. Berenguer, A.
MArtinez, A. Tejedor; Hospital Morales Meseguer, Murcia: M. L. Amigo, F. Ortuiio, L. Garcia,
A. Jerez, O. Lopez; Hospital U. Virgen de la Arrixaca, Murcia: J. M. Moraleda, P. Rosique, J.
Gbémez, M. C. Garay; Hospital Los Arcos Mar Menor, Murcia: P. Cerezuela, C. Martinez, A.
B. MArtinez, A. Gonzalez; Hospital ST9 M9 del Rosell, Murcia: J. Ibafiez; Clinica San Miguel,
Navarra: M. J. Alfaro; Complejo Hospitalario de Navarra, Navarra: M. Mateos, M. A. Gofii,
M. A. Araiz, A. Gorosquieta, M. Zudaire, M. Viguria, A. Zabala, M. Alvarellos, I. Quispe, M. P.
Sanchez, G. Hurtado, M. Pérez, Y. Burguete, N. Areizaga, T. Galicia; Clinica Universitaria de
Navarra, Navarra: J. Rifdn, A. Alfonso, F. Prosper,M. Marcos, L. E. Tamariz, V. Riego. A.

Manubens, M. J. Larrayoz, M. J. Calasanz, A. Maiy, B. Paiva, 1. Vazquez, L. 19 Burgos;
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Complejo Hospitalario de Ourense (CHOU), Ourense: M. Pereiro, M. Rodriguez, M. C.
Pastoriza, J. A. Mendez, J. L. Sastre, M. Iglesias, C. Ulibarrena, F. Campoy; Hospital
Valdeorras, Ourense: D. Jaimes; Hospital Rio Carridn, Palencia: J. M. Alonso, B. Albarran, J.
Solano, A. Silvestre; Complexo Hospitalario Universitario de Vigo, Vigo: C. Albo, S. Suarez,
C. Loureiro, I. Figueroa, M. Rodriguez, M. A. Fernandez, A. Martinez, C. Poderds, J.
Vazquez, L. Iglesias, A. Nieto, T. Torrado, A. M. Martinez; Hospital Provincial de Pontevedra,
Pontevedra: M.L. Amador, P. Oubifia, E. Feijo, A. Dios, I. Loyola, R. Roreno; Hospital
POVISA, Pontevedra: A. Simiele, L. Alvarez, V. Turcu; Hospital U. Salamanca, Salamanca:
B. Vidriales, M. Gonzdlez, R. Garcia, A. Avendaio, C. Chillon, E. Pérez, V. Gonzalez;
Hospital General La Palma, Santa Cruz de Tenerife: J. V. Govantes, S. Rubio, M. Tapia;
Hospital General de Segovia, Segovia: C. Olivier, J. A. Queizan; Hospital U. Virgen
Macarena, Sevilla: : O. Pérez, J. A. Vera, C. Muioz, A. rodriguez, N. Gonzalez; Hospital
Virgen del Rocio, Instituto de Biomedicina de Sevilla (IBIS / CISC), Universidad de Sevilla:
J. A. Pérez, E. Soria, I.Espigado, J. Falantes, I. Montero, P. Garcia, E. Rodriguez, E. Carrillo,
T. Caballero, C. Garcia; Hospital Virgen de Valme, Sevilla: C. Couto, I. Simdn, M. Gomez;
Hospital Virgen del Mirdn de Soria, Soria: C. Aguilar; Hospital Universitario Canarias,
Tenerife: B. J. Gonzalez, S. Lakhwani, A. Bienert, B. Gonzalez; Hospital Universitario
Nuestra Sefiora de Candelaria, Tenrife: A. Cabello, A. Y. Oliva, H. Gonzalez; Hospital
Obispo Polanco, Teruel: N. Gonzalez, Hospital de Alcaiiz, Teruel: L. Sancho, M. Paricio, L.
Perdiguer; Hospital General Nuestra Sefiora del Prado, Toledo: F. Solano, A. Lerma, M. D.
Martinez; Hospital Universitario de Toledo, Toledo: M. I. Gdmez, A. Yeguas; Hospital U. La
Fe, Valencia: P. Montesinos, E. Barragan, C. Sargas, R. Amigo, D. Martinez, B. Boluda, R.
Rodriguez, E. Acuia, 1. Cano; Hospital de Requena, Valencia: A. Escriva, M. Pedrefio;
Hospital de Lluis Alcanyis de Xativa, Valencia: R. Renart; IVO (Instituto Valenciano de
Oncologia), Valencia: A. Navaldn; Hospital de Sagunto, Valencia: I. Castillo, M. Orts;
Hospital Dr. Peset, Valencia: M. J. Sayas, M. J. Fernandez, M. L. Juan, E. Gdmez, M.
Gimeno, E. Donato, M. Cejalvo, J. Marco; Hospital Clinico Universitario, Valencia: M.
Tormo, M. Calabuig, B. Navarro, I. Martin, E. Villamont, A. Miralles; Hospital de La Ribera,
Valencia: R. Lluch; Hospital Casa de la Salud, Valencia: J. Garcia; Hospital de Gandia,
Valencia: M. Moragues, M. A. Ruiz; Hospital Arnau de Vilanova, Valencia: A. Lépez, C.
Benet, M. Valero; Hospital General de Valencia, Valencia: M. Linares, R. Collado, M. Orero,
P. Ibafiez, M. J. Lis, P. L. Pérez, M. Roig, M. Lopez, A. V. Mena; Hospital Manises, Valencia: 1.
Picon, V. Canovas, A. Palacios, E. Marti; Hospital Clinico de Valladolid, Valladolid: R.
Cuello, J. Borrego, M. burgois; 20 Hospital Rio Hortega, Valladolid: A. Cantalapiedra, O.
Norberto, E. Angomas, B. Cidoncha; Hospital Universitario Araba, Victoria: L. Cuevas, D.
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Robles, A. Mendiazabal, 1. Oiartzabal, J. M. Guinea de Castro; Hospital Virgen de la
Concha, Zamora: C. Montes, M. Pérez, L. Garcia; Hospital Royo Villanova, Zaragoza: V.
Carrasco, A. Pérez, L. Lopez, J. J. Moneva; Hospital Clinico U. Lozano Blesa, Zaragoza: M.
Olave, E. Bonafonte, L. Mayor, G. Azaceta, L. Palomera; Hospital Ernest Lluch Martin,
Zaragoza: M. Malo, M. J. Escobar; Hospital Quiron Salud Zaragoza, Zaragoza: J. M. Grasa;
Hospital Miguel Servet, Zaragoza: B. De Rueda, A. Aulés, C. Salvador, V. Anso, A. Iborra, P.
Delagado, A. Rubio; Uruguay —Hospital de Clinicas, Montevideo: M. Stevenazzi, I. Alpire,
V. Irigoin, L. Diaz, C. Guillermo, R. Guadagna, S. Grille, C. Oliver, M. Boada, V. Vales;
Hospital Maciel, Montevideo: A. I. Prado; COMERO (Cooperativa Medica de Rocha),
Rocha: A. P. De los Santos





