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Prevención
“...disposición que se hace 
de forma anticipada para 
minimizar un riesgo. El 
objetivo de prevenir es 
lograr que un perjuicio 

eventual no se concrete”. 

http://es.wikipedia.org/wiki/Prevención



La leucemia afecta a personas de cualquier edad, sexo, raza 
y condición social o económica y no tiene fase preclínica

Fotografía: Spencer Tunick  - Plaza del Zócalo (México), 2007 
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Mediana de supervivencia: 20 meses 
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Tratamiento de rescate de leucemia aguda 
refractaria o en recaída con el régimen IDA-

FLAG: experiencia en el Instituto Nacional de 
Cancerología, Bogotá, Colombia

Submitted to Revista Colombiana de Cancerología
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Table I Accumulation of intracellular F-ara-ATP after a 3-h incubation with indicated concentrations of exogenous F-ara-A
and its effect on the deoxynucleotide pool

F-ara-ATP or dNTP (p.M ± SE)

F-ara-A (p.M) F-ara-ATP dATP dCTP IGTP d1TP

0 24.8 ± 0.6 13.6 ± 0.3 7.6 ± 0.3 73.6 ± 3.3
3 10.4 ± 0.5 12.7 ± 0.4 1 1.7 ± 0.6 5.3 ± 0.1 53.9 ± 2.3

10 20.8 ± 0.8 9.1 ± 0.2 12.2 ± 0.3 4.1 ± 0.2 68.7 ± 3.4
30 53.8 ± 0.9 9.1 ± 0.2 1 1.1 ± 0.4 4.9 ± 0.3 73.1 ± 3.2
50 99.6 ± 0.4 9.8 ± 0.3 9.6 ± 0.3 5.3 ± 0.4 74.3 ± 3.3

100 174.9 ± 8.1 7.3 ± 0.4 5.6 ± 0.1 5.0 ± 0.5 77.0 ± 1.9

Fig. 2 Influence of F-nra-A preincubations on ara-CTP accumulation
at different concentrations of ara-C. Parallel cultures of cells were
incubated with no drug or 30 p.M F-ara-A for 3 h, washed, and then
incubated with the indicated concentrations of l3Hlara-C for an addi-
tional 3 h. Nucleotides were extracted and separated by high-pressure
liquid chromatography. Columns, means of duplicate determinations
from three to six experiments. Bars, SE.

preclinical and clinical evaluation in patients with AML, opti-

mal application of ara-C remains elusive. Pioneering studies
established the quantitative relationship between ara-C incorpo-
ration into cellular DNA and cytotoxicity (9-1 1), and the means
of enhancing this end point are keenly sought. One of the
limiting factors has been the difficulty of measuring ara-C

incorporation into leukemic cellular DNA during therapy in

vivo. The best predictive index readily measured in clinical
samples is the intracellular ara-CTP concentration, which has
been demonstrated to be strongly correlated with clinical re-
sponse to ara-C therapy (13-15). Enhancement of ara-CTP
anabolism has become a potential means of improving clinical
results with ara-C. One such method of modulation used clini-

cally is the combination of fludarabine with ara-C in a timed
sequential manner (20, 2 1 ). This approach enhanced intracellu-

lar ara-CTP concentrations above that attainable using ara-C
alone at intermediate or high-dose infusion levels. However,
F-ara-ATP also has independent actions upon enzymes critical
for DNA synthesis, which may inhibit the subsequent incorpo-
ration of the ara-CTP into DNA. Such an inhibition would
presumably also diminish the cytotoxicity attributable to ara-C.
Of course, F-ara-ATP may also have direct cytotoxic actions itself
on AML blasts independent of its modulation of am-C metabolism.
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Fig. 3 Incorporation of ara-CMP into cellular DNA. DNA was isolated
after 3 h of ara-C incubation with or without F-ara-A as described in Fig.
2. Columns, means of duplicate determinations from two to three ex-
periments. Bars, SE.

At present, it is not possible to quantify the relative contributions of
these components to the observed clinical efficacy of the com-
bination (36, 37). Preliminary studies using an in vitro model
system demonstrated that incorporation of both ara-CTP and

F-ara-ATP in a DNA primer by human DNA polymerase a
results in more than 99% inhibition of further extension (38).

The results we obtained in vitro using human leukemic
blasts in this study suggest that the influence of F-ara-A on

ara-CMP incorporation into DNA are related to the concentra-
tion of ara-C. At the extremes of ara-C concentrations studied,
0.3 and 10.0 ELM, pretreatment with 30 p.M F-ara-A did not
discernibly influence ara-CMP incorporation into DNA. This

was despite the fact that ara-CTP concentrations were increased
more than 2-fold. It is likely that at 0.3 p.M ara-C, the difference
in the concentrations of ara-CTP (10 p.M without and 25 p.M

with F-ara-A pretreatment) was not great enough to materially
alter subsequent incorporation of ara-CMP into DNA. It is also
possible that the relatively small changes in ara-CMP incorpo-
ration at low ara-C concentrations may not be detectable.

Prior studies suggested that ara-C incorporation into DNA
does not continue to increase above levels attained following
incubation with 5-10 p.M ara-C in mouse L cells, despite con-
tinuing increments in ara-CTP concentrations (8). This system
differs from human leukemic cells, however, in which ara-CTP
concentrations do not continue to increase with exposure to con-
centrations of am-C above 10 p.M but may indeed diminish due to
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Fig 3. Formation of 3H-Ara-CTP pools in HL-60 cells. HL-60
cells (5 x 105/mL) were incubated with i07 (s). i0’ (A). iO (U).
or iO (#{149})mol/L  H-Ara-C for 0.5-24 hours. The acid-soluble
fraction was obtained and analyzed by HPLC as illustrated in Fig i.
The results are expressed as the mean ± SD of two determina-
tions performed in duplicate.
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HL-60 DNA. The results obtained are illustrated in
Fig 3. The formation of Ara-CTP pools was dependent
on drug concentration. However, these pools declined
with time, and consequently were not as closely come-
lated with the product C x T (coefficient [R} = .552, P
< .026). Computer-based linear modeling can be used
to analyze the relationships among concentration,
time, clonogenic survival, Ara-C incorporation into
DNA, and the Ara-CTP pool levels.23’24 If a linear
regression model is used to fit the formation of
(Ara-C)DNA to the Ara-CTP pool data, it can be
shown that the measurement of Ara-CTP pools is
useful in predicting incorporation of Ama-C into DNA
(coefficient [R] = .749, P < .008). However, if a more
sophisticated two-variable linear model is used, a com-
bination of Ara-CTP pools and time will explain >90%
of the variation in the log Ara-C incorporation into
DNA([R]2= .912).

Another approach to the analysis of the Ara-CTP
pool data is to calculate continuous cellular exposure
by monitoring areas under the curves illustrated in Fig
3. These areas were calculated by the trapezoid rule.25
The continuous cellular exposure to Ara-CTP come-
lated significantly with log pmol Ara-C incorporation
into DNA (coefficient [R] = .768, P < .0005); how-
ever, this analysis was of less predictive value than the
more simple determination of a single Ara-CTP
level x T (coefficient [R] = .85, P < .0002).

The relationships between Ara-C incorporation into
DNA and formation of Ara-CTP to drug-induced
cytotoxicity were studied by comparing these pamame-

100.0

ters to the loss of clonogenic survival after drug expo-
sure. The effect of Ara-C on clonogenic survival of
HL-60 cells was determined by exposure to concentra-
tions of i07-i04 mol/L for 1 , 3, 6, 1 2, and 24 hours.
As we have previously demonstrated,’8 the percentage
cell kill was dependent on drug concentration and time
of exposure (coefficient [R] = .698, P < .0026).

The significance of the relationship between loss of
clonogenic survival and intracellular Ana-CTP levels
was rather low (coefficient [R] = .491, P < .053; Fig
4A). In contrast, the relationship between log percent-
age cell kill and log pmol Ama-C incorporation in DNA
was the single most powerful predictor of lethality
using the linear model (Fig 4B). Furthermore, an
[R]2 .860 was obtained if the analysis includes
concentration and time. This means that >85% of the
variation in log percentage kill can be predicted from
knowledge of time, concentration, and incorporation of
Ara-C into DNA. The relationships among Ana-CTP
pools, continuous cellular exposure to Ana-CTP, and
formation of (Ana-C)DNA, with cytotoxicity as a
function of single and multiple variables (time and
concentration), are listed in Table I.

DISCUSSION

Experiments with isolated DNA polymerase-tem-
plate preparations have demonstrated that Ara-CTP
acts as a competitive inhibitor of DNA polymenase.’#{176}
However, the inhibitory constant (K1) of Ama-CTP is
similar to the Michaelis constant (Km) of dCTP.’4
These results indicate that Ara-CTP is a rather weak
competitive inhibitor of DNA polymerase and that
inhibition of this enzyme is not a significant mecha-
nism by which this agent inhibits DNA synthesis.
Other studies have suggested that the incorporated
Ara-C residues behave as relative chain terminators,
which slow DNA synthesis by modifying reactivity of
the terminal 3’-hydroxyl.”6”9’2’ The demonstration of
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Fig 4. Relationship between HL-60 clonogenic survival and
formation of Ara-CTP pools (A) or incorporation of Ara-C into DNA
(B). The pmol Ara-CTP and pmol Ara-C incorporated into DNA
were derived from the data (two determinations at 3. 6, 1 2. and 24
hours) in Figs 2 and 3 for Ara-C concentrations of i07 (#{149}).i0
(A). iO’ (U). and i0’ (#{149})mol/L. The effect of Ara-C on HL-60
clonogenic survival was performed (two determinations) at each
of these drug concentration (C) and time ( T) parameters.
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Variable Mediana (Rango) Número (%)

Pacientes 64
Sexo
 Mujeres 
 Hombres

24 (37.5)
40 (62.5)

Edad 
 Mujeres
 Hombres 

25.5 años (17-56)
 32 años (17-56)
 22.5 años (17-49)

Diagnóstico primario
 LLA precursores B
 LLA precursores T
 LMA no promielocitica
 Linfoma linfoblastico B
 LMC en crisis blástica

50 (78)
1 (1.5)
9 (14)
1 (1.5)
3 (4.6)

Estado 
 Recaído 
 Refractario

51 (80)
13 (20)

Duración primera 
remisión
 Menos de 12 meses 
 Mas de 12 meses 

38 (75)
13 (25)

IDA-FLAG INC - Resultados
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IDA-FLAG 
COMPLICACIONES DEL TRATAMIENTO 

FOD 33%

Clínica 31%

Bacteremia 30%

Microb. 6%

Categorias de neutropenia febrilVariable Resultado

Mediana de tiempo a recuperación de los 
neutrófilos > 500 

20 días (IQR 17-24)

Mediana de tiempo a plaquetas > a 50.000 /
mm3

23 días (IQR 19-31) 

Neutropenia febril 
 Previo a inicio de IDA FLAG 
 Total de pacientes

47 %
100 %

Requirió adición de antifúngico durante la 
inducción 
 No
 Si 

19 (30 %)
45 (70 %) 

UCI durante la inducción
 No
 Si

58 (10 %) 
6 (90 %)

Inicio otra terapia luego de IDA FLAG 
 No
 Si

46 (72 %) 
18 (28 %)
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OS according to age for AML (non-APL) patients diagnosed in 1997 to 2006, with follow-
up in December 2008.  Nine patients were younger than 20 years.

Figure 4

31,41

LMA - Supervivencia Global
Supervivencia Global por grupos de edad

Blood. 2012 April 26; 119(17): 3890–3899.
 Acute myeloid leukemia in the real world: why population-based registries are needed
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Projected relative 5-year survival in AML according to age and time period, with follow-
up on December 31, 2006. Point estimates are from Derolf et al.

Table 1

OS with AML, non-APL, 1997 to 2006 (n = 2511)

Age,
y

AML (non-APL),
unselected, %

AML (non-APL), selected de novo, intensive
treatment, PS 0-II, %

Ratio of
selected/unselected

n 2-
year

5-
year

Median
days

n 2-year 5-year Median days n 2-
year

5-
year

Median

< 30 65 65 60 > 4000 44 72 63 > 4000 0.68 1.11 1.05 —

30-
44

171 57 49 1747 120 72 60 > 4000 0.70 1.26 1.22 —

45-
54

266 54 43 934 170 70 59 > 4000 0.64 1.30 1.37 —

55-
64

423 36 23 396 208 58 36 1022 0.49 1.61 1.57 2.58

65- 308 22 12 263 132 43 26 655 0.43 1.95 2.17 2.49

3LMA - Proyección de supervivencia a 5 años
Por periodos de tiempo

Blood. 2012 April 26; 119(17): 3890–3899.
 myeloid leukemia in the real world: why population-based registries are needed



Las estrategias de 
tratamiento y de rescate en 

leucemias agudas siguen 
siendo insatisfactorias 



¿ Como mejorar la supervivencia ? 



¿ Como mejorar la supervivencia ? 



Objetivo General

Desarrollar, mejorar e implementar estrategias de vigilancia, 
diagnóstico, tratamiento y evaluación del pronóstico, en 

pacientes con leucemia aguda o crónica, mediante el 
desarrollo de investigación en ciencias básicas, clínicas y 

actividades de programa, que permitan mejorar la 
supervivencia global y libre de enfermedad



Objetivos Específicos
Mejorar el acceso y la calidad del diagnóstico 
de las leucemias agudas y crónicas en el país.

Mejorar la estratificación de los pacientes en 
grupos de riesgo y el establecimiento del 
pronóstico mediante la aplicación de 
herramientas computacionales, genómicas, 
moleculares y metabólicas. 

Identificar potenciales blancos terapéuticos 
derivados de los análisis computacionales, 
genómicos, moleculares y metabólicos 
realizando su validación por metodologías 
especificas en líneas celulares y muestras 
primarias de leucemia aguda o crónica. 

Desarrollar un programa público de trasplante 
de células hematopoyéticas de donante 
relacionado y no relacionado para pacientes 
con leucemia aguda y crónica en Bogotá.

Diseñar e implementar estrategias para el 
desarrollo de talento humano relacionado con 
el control integral de las leucemias. 

Desarrollar investigación experimental en el 
ámbito clínico para evaluar la eficacia y 
seguridad de abordajes terapéuticos en 
pacientes con leucemia.

Diseñar e implementar un sistema de 
información que permita describir las 
características clínicas y epidemiológicas de las 
leucemias,  monitorizar y evaluar el proceso de 
atención 



Metodología



Componentes de cada núcleo 

PILAC - SI PILAC - DX PILAC - PX PILAC - TX 

Sistema de 
información
(Fuentes,  flujos, 

herramientas, indicadores, 
análisis, reportes)

Consenso de 
expertos

Supervivencia Global
(Instituciones vinculadas) Trasplante alogénico

Caracterización 
(Diagnóstico, tratamiento)

Estandarización 
(Proceso diagnóstico)

Medición de 
desenlaces clínicos 
(Publicación de resultados)

INC
(Unidad de trasplante) 

Desenlaces
(Supervivencia)

Hematopatólogo
(Biólogos, bacteriológos, 

genetistas, 
hematólogos)

Marcadores 
moleculares

(microRNAs, genómica, 
metabolómica)

Hemocentro distrital
(Cordón, donante no 

relacionado)

Desarrollo 
informático 

(Bases para un banco de 
donantes)

Difusión
(Curso virtual, cartillas, 

modelo de 
educación virtual en cáncer)

Nuevo conocimiento 
(Transferencia de tecnologia)

Acceso oportuno





Obje%vo(

•  Desarrollar(tres(protocolos(clínicos(orientados(
a(mejorar(el(diagnós4co(y(la(remisión(de(los(
pacientes(adultos(con(leucemias(agudas(y(
crónicas(en(Colombia.(
Lider(General:(Dra.(Rocio(Ordúz((Hematopatóloga)(

1.  Citogené4ca((Dr.(Antonio(Bermúdez)(
2.  Citometría(de(flujo(
3.  Morfología(de(médula(

ELIC(European(Leukemia(Informa4on(Center.(LeukemiaNet.(












