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Paciente mujer de 64 años

Antecedentes: 
• Bocio Multinodular 
• En 2008 ⇒ LLC A0 (61 años de edad) 

Asintomática 
Exploración normal
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Noviembre 2011 (64 años de edad): 
• Progresión adenopática 
• Linfocitosis

Indicación de tratamiento
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Estudio Pronóstico: 
• FISH: del13q 
• CD38 i ZAP70 elevados 
• IGHV no mutada
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David Oscier. Haematologica. 2010; 95(10) 
(Online Supplementary. Table S4)

CLL4
(Clb vs F vs FC)

Mediana seguimiento 68 meses
Alto Riesgo Riesgo 

Intermedio Bajo Riesgo

Definición • del17p (>10%)
• del11q 
• IGHV no mut 
• β2 micro >4

• Ninguno 
• IGHV mut

Respuestas 
ORR* 25% 97% 100%

PFS* (5 años) 0% 26% 56%

OS* (5 años) 0% 47% 83%

* Subgrupo FC 121 pac. (777 pac.) (1999-2004)

Mediana de seguimiento 68 meses

Datos clínicos y biológicos clásicos 
FISH_LLC 
CD38 
ZAP70 
IGHV status
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12/5/15 19:31RITUXAN® (Rituximab) in Previously Untreated Chronic Lymphocytic Leukemia (CLL): CLL8 Trial - RITUXAN® (Rituximab)

Página 4 de 8http://www.rituxan.com/hem/hcp/chronic/previously-untreated

RITUXAN+FC Significantly Improved Median PFS (N=817)1,2

CI=confidence interval.

RITUXAN+FC provided a median PFS of 3.3 years in first-line CLL (p<0.01)1

CR=complete response; ORR=overall response rate.

RITUXAN in combination with FC for previously untreated CLL

In the CLL8 study of patients with previously untreated CLL, detailed safety data collection was limited to Grade
3 and 4 adverse reactions and serious adverse reactions
Grade 3 or 4 adverse reactions that occurred more frequently in patients treated with R-FC vs. FC were infusion
reactions (9% in the R-FC arm), neutropenia (30% vs. 19%), febrile neutropenia (9% vs. 6%), leukopenia (23% vs.
12%), and pancytopenia (3% vs. 1%)
The frequency of prolonged neutropenia for patients who received R-FC vs. FC was 8.5% and 5.8% respectively.
For patients who did not have prolonged neutropenia, the frequency of late-onset neutropenia for patients who
received R-FC vs. FC was 14.8% and 4.3%, respectively
Grade 3 or 4 adverse reactions that occurred more frequently in R-FC-treated patients ≥70 years of age
compared to younger patients were neutropenia (44% vs. 31%), febrile neutropenia (16% vs. 6%), pancytopenia
(7% vs. 2%), and anemia (5% vs. 2%)

Indications

RITUXAN
®

 (Rituximab) is indicated for the treatment of patients with:

Relapsed or refractory, low-grade or follicular, CD20-positive, B-cell NHL as a single agent
Previously untreated follicular, CD20-positive, B-cell NHL in combination with first-line chemotherapy and, in
patients achieving a complete or partial response to RITUXAN in combination with chemotherapy, as single-agent
maintenance therapy
Non-progressing (including stable disease), low-grade, CD20-positive, B-cell NHL, as a single agent, after first-
line CVP chemotherapy
Previously untreated diffuse large B-cell, CD20-positive NHL in combination with CHOP or other anthracycline-
based chemotherapy regimens
Previously untreated and previously treated CD20-positive CLL in combination with fludarabine and
cyclophosphamide (FC)

RITUXAN is not recommended for use in patients with severe, active infections.

Important Safety Information

CLL8 (FC vs FCR). 2011
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• RP adenopática abdominal 
• NR adenopática mediastínica 
• 14% cels LLC en M.O. (CMF)

Paciente 64 años ⇒ R-FCM x6 ciclos
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Stephan Stilgenbauer. Blood 2014. Vol 123, Num 21. 

Figure 2. Kaplan-Meier estimates. PFS (top) and OS (bottom) according to the status of gene mutations (A), genomic aberrations according to the hierarchical model
(B), and IGHV status (C). Assignment to genetic subgroup and treatment is denoted by the color code and the structure of lines, respectively.

BLOOD, 22 MAY 2014 x VOLUME 123, NUMBER 21 GENE MUTATIONS AND TREATMENT OUTCOME IN CLL 3251
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Figure 2. Kaplan-Meier estimates. PFS (top) and OS (bottom) according to the status of gene mutations (A), genomic aberrations according to the hierarchical model
(B), and IGHV status (C). Assignment to genetic subgroup and treatment is denoted by the color code and the structure of lines, respectively.

BLOOD, 22 MAY 2014 x VOLUME 123, NUMBER 21 GENE MUTATIONS AND TREATMENT OUTCOME IN CLL 3251
CLL8 (FC vs FCR). Gen mut. 2014
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Situación LLC Definición

IWCLL (2008) LLC Refractaria • NR 
• Recaída (RC/RP) < 6 meses

EBMT gudeline 
(2007) LLC Alto Riesgo

• NR o Recaída precoz, < 12 meses 
tras análogos de purinas 

• Recaída < 24 meses tras análogos 
combinados/Auto-TMO 

• Alt. p53 con indicación de tto.

Stilgenbauer 
and Zenz (2010)

LLC Muy Alto Riesgo 
“Ultra-high Risk”

• Refractario a análogos de purinas (o 
similares Benda.) 

• Recaída precoz (< 24 meses) tras 
FCR (o FCR-like) 

• TP53 del/mut. con indicación de tto.

Thorsten Zenz. Blood 2012. Vol 119, Num 18. 



/19

Paciente Alto Riesgo 
Caso Clínico

10

Modelo Definicion Tratamiento

Muy Alto 
Riesgo

“Highest-risk”

• F-Refractaria 
• Recaída precoz (< 24 meses) 

tras FCR (o FCR-like) 
• TP53 del/mut. con indicación 

de tto.

• Inducción alternativa (Trials)/
Alemtuzumab 

• Consolidación Alo-TMO 
• Mantenimiento (Trials)

Alto Riesgo

• Ninguno anterior 
• IGHV no mut. 
• Del 11q 
• β2 micro >4

• FCR 
• Inducción/Mantenimiento (Trials)

Bajo Riesgo • Ninguno de los anteriores 
• No tto. previo

• FCR 
• Desescalar (MDR)

Thorsten Zenz. Blood 2012. Vol 119, Num 18. 
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• Biopsia transbroquial ⇒ LLC refractaria 

• Estudio molecular (ICGC-CLL) ⇒ TP53 mut. 

• Hermano HLA compatible

Modelo Definicion Tratamiento

Muy Alto Riesgo
“Highest-risk”

• F-Refractaria 
• Recaída precoz (< 24 meses) tras 

FCR (o FCR-like) 
• TP53 del/mut. con indicación de tto.

• Inducción alternativa (Trials)/Alemtuzumab 
• Consolidación Alo-TMO 
• Mantenimiento (Trials)
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• Inducción R-DHAP x2 ciclos ⇒ RP

• Hermano HLA comp.⇒ No disponible (comorbilidad) 

• Incluyó Trial (RESONATE)(Ofatumumab vs Ibrutinib)
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Permanece en RP asintomática (3 años) 
AM: infiltración 57% linfocitos  
TAC normal

Hemograma “normal” 
Leucocitos: 3,67 x109/L 

Neutrófilos: 2,80 x109/L 
Linfocitos 0,60 x109/L 

Hb: 11 gr/dl 
Plq.: 134 x109/L

TAC Mayo 2015
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• Grupos de riesgo ⇒ estrategias de tratamiento 

• Citogenetica y FISH_LLC ⇒ insuficiente 

• Estudio mutaciones TP53 ⇒ antes de tratamiento 

• > 50% de LLC refractaria no explicada con alt. TP53

Futuras clasificaciones pronósticas 
(objetivo es guiar el tratamiento)
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15PROFILING GENETIC HETEROGENEITY IN CLL

Massively parallel sequencing techniques have provided
the ability to rapidly sequence millions of DNA fragments
with relatively low sample input. As an alternative to whole
genome sequencing, selective restriction of reads to the
coding regions of the genome by WES has drastically
reduced the costs of sequencing per sample. This latter
approach has facilitated the rapid sequencing of large sample
cohorts, which in turn has enabled the drawing of associ-
ations between genetic alterations and clinical features. Over
the last few years, the results of up to a dozen whole CLL
genomes8–10 and 4300 whole CLL exomes11–14 across
different centers worldwide have been reported.

UNBIASED DISCOVERY OF KEY CLL DRIVERS

A major goal of the large-scale cancer sequencing
studies has been the identification of key alterations that
drive malignancy. The development of massively parallel
sequencing has led to the parallel development of
advanced computational algorithms for analyzing these
big datasets. In general, these algorithms detect cancer-
specific alterations with a high probability of being cancer
drivers on the basis of whether they are present at a
significantly higher-than-expected rate given the known
background mutation rate of the cancer. In CLL, these

efforts have corroborated known CLL-associated altera-
tions (ie, mutations in TP53 and ATM) but importantly
have identified numerous previously unknown somatic
changes, the majority of which have been confirmed across
independent sample cohorts. The first studies of DNA
sequencing in CLL found mutations in MYD88,
NOTCH1, and XPO1, as well as in BIRC3.8,11 Subse-
quently, results of WES of two well-powered cohorts of
!100 patients each further detected several novel somatic
alterations in CLL (in FBXW7, POT1, and CHD2).
Strikingly, both studies identified the novel finding of
recurrent mutations in the splicing machinery co-factor
SF3B1 in 10% to 15% of patients.9,15 Most recently, the
largest single CLL sequencing cohort to date was reported,
comprising 160 patients, in which numerous lower
frequency mutations (in NRAS, KRAS, HIST1H1E,
SAMHD1, and MED12) were identified.13

These somatic alterations are present in critical com-
ponents of a number of cellular pathways and include
DNA damage and cell cycle control (TP53, ATM,
POT1, and BIRC3), mRNA processing (XPO1 and
SF3B1), NOTCH signaling (NOTCH1), inflammatory
pathways (MYD88), and chromatin modification (CHD2)
(Table 1).9,13,15 Several of the significantly mutated genes
display a clustering of mutations in hot spots within highly
evolutionarily conserved gene regions and strongly support
the idea that they are positively selected gain-of-function

Figure 1. Evolution and growth in our understanding of chronic lymphocytic leukemia (CLL) heterogeneity over time.

M. Gruber and C.J. Wu178

Evolving Understanding of the CLL Genome. Michaela Gruber and Catherine J. Wu. Seminars in Hematology, Vol 51, No 3, July 2014 
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SF3B1 mutations correlated to cytogenetics and mutations in NOTCH1, FBXW7, MYD88, XPO1 and TP53 in 1160 untreated CLL patients. S Jeromin, Leukemia (2014) 28

(49/539, 9.1% vs 63/369, 17.1%, Po0.001) or del(13q) as sole
abnormality (33/391, 8.4% vs 78/510, 15.3%, P¼ 0.002). Of note,
3/10 patients with IGH deletions showed NOTCH1mut. Similar to
NOTCH1mut, FBXW7mut were significantly associated with trisomy
12 (12/144, 8.3% vs 11/762, 1.4%, Po0.001) and were less frequent
in del(13q) sole patients (4/391, 1.0% vs 19/510, 3.7%, P¼ 0.010).
MYD88mut were only found in the cytogenetic subgroups of
del(13q) sole (10/15), NK according to FISH (4/15) and in one
patient with IGH deletion and concomitant del(13q) (1/15). The
distribution of gene mutations in combination with cytogenetic
aberrations is depicted in Figure 2 and Supplementary Table S3.

Associations among molecular mutations and VH gene usage
SF3B1mut did not show any significant association with other
gene mutations. However, a strong correlation of SF3B1mut with
IGHVunmut was observed (68/444, 15.3% vs 36/716, 5.0%,
Po0.001, Supplementary Figure S1) and SF3B1mut presented to
be mutually exclusive of IGHV1-2 (0/42, 0% vs 101/1084, 9.3%,
P¼ 0.027). Furthermore, they were more frequent in patients with
IGHV1-69 (27/142, 19.0% vs 74/984, 7.5%, Po0.001) and IGHV3-21
(12/65, 18.5% vs 89/1061, 8.4%, P¼ 0.012).

NOTCH1mut showed strong correlation with XPO1mut (16/33,
48.5% vs 96/875, 11.0%, Po0.001) and TP53mut (17/79, 21.5% vs
95/829, 11.5%, P¼ 0.018; Figure 2). They were associated with
IGHVunmut (88/368, 23.9% vs 24/540, 4.4%, Po0.001; Figure 2,
Supplementary Figure S1) and with IGHV1-69 (31/122, 25.4% vs
78/762, 10.2%, Po0.001). For FBXW7mut, no association could be
found, but the only gene that was concomitantly mutated
was NOTCH1 (4/23, 17.4%). MYD88mut were more frequent in
patients with IGHVmut (14/577, 2.4 vs 1/392, 0.3%, P¼ 0.006),

whereas XPO1mut were more frequent in IGHVunmut (30/392,
7.7% vs 3/577, 0.5%, Po0.001; Supplementary Figure S1).

In total, 908 patients were analyzed for all six genes: SF3B1,
NOTCH1, FBXW7, MYD88, XPO1 and TP53. 605/908 (66.6%) cases
showed no mutation. 246/908 (27.1%) had single, 51/908 (5.6%)
two and 6/908 (0.7%) three different mutations (Supplementary
Figure S2). The comparison of mutation loads of co-occurring
mutations allowed no definite hierarchical model (data not
shown). No difference existed in the frequency of SF3B1mut
between patients with isolated or at least two gene mutations.
In contrast, NOTCH1mut were detected more frequently in
combination with other mutations vs isolated (44/57, 77.2% vs
68/246, 27.6%, Po0.001). This was also the case for TP53mut (23/
57, 40.4% vs 56/246, 22.8%, P¼ 0.011) and XPO1mut (21/57, 36.8%
vs 12/246, 4.9%, Po0.001). These three mutations in different
combinations accounted for about half of all cases with more than
one mutation (29/57, 50.9%).

Prognostic relevance of molecular mutations
Overall, data were available for TTT in 921 cases and for OS in 935
cases with a median follow-up of 4.6 years. In 1150 patients,
FISH categories could be defined according to Döhner et al.31

(Supplementary Table S4). Patients with SF3B1mut had shorter TTT
(median: 3.8 vs 8.0 years, Po0.001) and 5-year OS (64.7 vs 86.7%,
Po0.001; Figure 3). Interestingly, del(11q) patients segregated
into two different groups according to the presence of SF3B1mut
for 5-year OS (37.9 vs 77.5%, P¼ 0.024; Figure 4). Furthermore,
SF3B1mut had adverse impact in patients with del(13q) sole
(median TTT: 1.8 vs 9.1 years, Po0.001; 5-year OS: 69.7 vs 90.7%,
P¼ 0.002; Figure 4). Cases with NOTCH1mut had shorter TTT
(median: 3.5 vs 7.6 years, Po0.001) and 5-year OS (75.7 vs 85.1%,

Figure 3. Kaplan–Meier plots of (a–c) TTT and (d–f ) OS from diagnosis for patients analyzed for (a) and (d) SF3B1, (b) and (e) NOTCH1 and
(c) and (f ) TP53 mutations. Mutated cases are represented by dotted lines. Number of patients with available follow-up data is given in brackets.

SF3B1 mutations in CLL
S Jeromin et al

112

Leukemia (2014) 108 – 117 & 2014 Macmillan Publishers Limited

Discusion  
Alteraciones moleculares recurrentes en LLC (secuenciación genoma LLC)
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SF3B1 mutations correlated to cytogenetics and mutations in NOTCH1, FBXW7, MYD88, XPO1 and TP53 in 1160 untreated CLL patients. S Jeromin, Leukemia (2014) 28

Table 2. Univariate and multivariate Cox regression analyses on TTT and OS

TTT OS

Univariate Multivariate Univariate Multivariate

P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI

SF3B1mut o0.001 2.07 1.51–2.84 0.023 1.49 1.06–2.11 o0.001 2.44 1.56–3.83 0.005 2.11 1.26–3.55
NOTCH1mut o0.001 1.83 1.35–2.49 NS 0.018 1.72 1.10–2.70 NS
IGHVfav o0.001 0.29 0.23–0.36 o0.001 0.33 0.25–0.45 o0.001 0.38 0.27–0.55 o0.001 0.46 0.30–0.71
TP53 disruption 0.014 1.55 1.09–2.20 NS o0.001 3.92 2.64–5.83 0.001 2.21 1.37–3.56
del(11q) o0.001 2.58 1.95–3.42 0.033 1.50 1.03–2.17 0.001 2.14 1.37–3.34 NS
Trisomy 12 0.002 1.59 1.19–2.12 NS NS
NK according to FISH NS 0.028 0.59 0.36–0.94 NS
del(13q) sole o0.001 0.50 0.40–0.63 NS 0.002 0.56 0.39–.081 NS
Gender (male vs female) NS 0.005 1.76 1.79–2.61 0.003 1.89 1.24–2.91
Age 0.051 1.11a 1.0–1.21a NS o0.001 1.71a 1.50–1.92a o0.001 1.68a 1.45–1.92a

CD38 expression X30% o0.001 2.16 1.74–2.68 NS 0.051 1.41 1.00–2.00 NS
ZAP70 expression X20% 0.034 1.26 1.02–1.57 NS NS

Abbreviations: CI, confidence interval; FISH, fluorescence in situ hybridization; HR, hazard ratio; IGHV, immunoglobulin heavy-chain variable; mut, mutant;
OS, overall survival; TTT, time to treatment. aper 10 years.

Molecular-cytogenetic subgroups
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del(17p) vs NK: p=0.002

Cytogenetic subgroups

del(17p) vs del(11q): p=0.001

high vs low-risk: p=0.006

del(17p) (n=39) high-risk
(n=72)

NK (n=208)

very low-risk (n=273)
del(13q) (n=405)

high vs interm.-risk: p=0.010

very low-risk (n=274)

del(17p) (n=44)

NK (n=212)

+12 (n=115)

high-risk (n=78)

low-risk
(n=189)

del(11q) (n=102)

interm.-risk (n=218)

del(13q)
(n=410)

+12 (n=116)

low-risk
(n=189)

del(11q) (n=102)
interm.-risk (n=224)

del(17p)
Median TTT

3.7

2.3

4.2

Years

8.4

9.1

del(11q)

+12

NK

del(13q) sole

del(17p)

del(11q)

+12

NK

del(13q) sole

Median TTT
4.9

3.0

8.3

14.4

interm.-risk

high-risk

low-risk

very low-risk

interm.-risk

high-risk

low-risk

very low-risk

5-year OS 5-year OS
50.7%

69.0%

89.1%

88.5%

89.3%

62.1%

75.2%

90.0%

Cytogenetic subgroups Molecular-cytogenetic subgroups

91.0%

+12 vs del(13q): p<0.001
+12 vs NK: p=0.002

del(11q) vs del(13q): p<0.001
del(11q) vs NK: p<0.001

del(11q) vs +12: p=0.033
del(17p) vs del(13q): p<0.001

low vs very low-risk: p=0.027

interm. vs very low-risk: p<0.001

interm. vs low-risk: p<0.001

high vs very low-risk: p<0.001

del(11q) vs del(13q): p<0.001
del(11q) vs NK: p<0.001

del(11q) vs +12: p=0.024
del(17p) vs del(13q): p<0.001

del(17p) vs NK: p<0.001
del(17p) vs +12: p<0.001

interm. vs very low-risk: p<0.001
interm. vs low-risk: p=0.001

high vs very low-risk: p<0.001
high vs low-risk: p<0.001

Figure 5. Kaplan–Meier plots for TTT and OS for subgroups classified on cytogenetic data only and on integration of cytogenetic data and
molecular mutations. Subgroups were classified according to Döhner et al.31 (panels a, c) and Rossi et al.12 (panels b, d). Numbers of patients
with available follow-up data are given in brackets. Only significant P-values are listed.

SF3B1 mutations in CLL
S Jeromin et al

114

Leukemia (2014) 108 – 117 & 2014 Macmillan Publishers Limited

Table 2. Univariate and multivariate Cox regression analyses on TTT and OS

TTT OS

Univariate Multivariate Univariate Multivariate

P HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI

SF3B1mut o0.001 2.07 1.51–2.84 0.023 1.49 1.06–2.11 o0.001 2.44 1.56–3.83 0.005 2.11 1.26–3.55
NOTCH1mut o0.001 1.83 1.35–2.49 NS 0.018 1.72 1.10–2.70 NS
IGHVfav o0.001 0.29 0.23–0.36 o0.001 0.33 0.25–0.45 o0.001 0.38 0.27–0.55 o0.001 0.46 0.30–0.71
TP53 disruption 0.014 1.55 1.09–2.20 NS o0.001 3.92 2.64–5.83 0.001 2.21 1.37–3.56
del(11q) o0.001 2.58 1.95–3.42 0.033 1.50 1.03–2.17 0.001 2.14 1.37–3.34 NS
Trisomy 12 0.002 1.59 1.19–2.12 NS NS
NK according to FISH NS 0.028 0.59 0.36–0.94 NS
del(13q) sole o0.001 0.50 0.40–0.63 NS 0.002 0.56 0.39–.081 NS
Gender (male vs female) NS 0.005 1.76 1.79–2.61 0.003 1.89 1.24–2.91
Age 0.051 1.11a 1.0–1.21a NS o0.001 1.71a 1.50–1.92a o0.001 1.68a 1.45–1.92a

CD38 expression X30% o0.001 2.16 1.74–2.68 NS 0.051 1.41 1.00–2.00 NS
ZAP70 expression X20% 0.034 1.26 1.02–1.57 NS NS

Abbreviations: CI, confidence interval; FISH, fluorescence in situ hybridization; HR, hazard ratio; IGHV, immunoglobulin heavy-chain variable; mut, mutant;
OS, overall survival; TTT, time to treatment. aper 10 years.
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high vs low-risk: p=0.006

del(17p) (n=39) high-risk
(n=72)

NK (n=208)

very low-risk (n=273)
del(13q) (n=405)

high vs interm.-risk: p=0.010

very low-risk (n=274)

del(17p) (n=44)

NK (n=212)

+12 (n=115)

high-risk (n=78)

low-risk
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Figure 5. Kaplan–Meier plots for TTT and OS for subgroups classified on cytogenetic data only and on integration of cytogenetic data and
molecular mutations. Subgroups were classified according to Döhner et al.31 (panels a, c) and Rossi et al.12 (panels b, d). Numbers of patients
with available follow-up data are given in brackets. Only significant P-values are listed.
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• Centralización de recursos tecnológicos 
• Identificar grupos de riesgo 
• Mejores tratamientos y mejor perfil toxicidad 
• Participación en Trials (inducción/mantenimiento)  

Nuevos Fármacos 
Nuevas combinaciones
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• Indicación tratamiento ⇒ Grupos de riesgo 
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