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Background and Objectives. To analyze in patients
with de novo acute promyelocytic leukemia (APL)
treated with an ATRA plus  anthracyclin-based pro-
tocol if the presence of additional cytogenetic aber-
rations to the t(15;17) influences: 1. clinical and
biological presenting features; 2. disease outcome.

Design and Methods. One hundred and thirteen
patients with newly diagnosed APL enrolled in the
APL-96 protocol of the Spanish PETHEMA group
were studied by conventional karyotyping , FISH and
RT-PCR for the PML-RARα fusion. Treatment was
homogeneous in all cases and consisted of anthra-
cyclines and ATRA.

Results. Additional chromosome aberrations were
observed in 30% of cases. The most frequent sec-
ondary changes were +8 (14 cases), and abnor-
malities of chromosomes 9 or 3 (4 patients each),
and of chromosomes 1 and 8 (3 cases each). No
clinical, biological, morphological,  immunopheno-
typic or molecular differences were observed
between the group of APLs with t(15;17) alone and
the group of patients with additional changes.
Patients with additional changes had a higher rates
of complete remission (CR) and 4-year disease-free
survival (DFS) (97%, and 97%, respectively)  than
patients with t(15;17) alone (CR, 70% and DFS,
84%)  but these differences were not  statistically
significant. 

Interpretation and Conclusions. Patients with APL
and additional cytogenetic abnormalities do not
show different clinical, biological, morphological or
molecular features as compared to patients with

t(15;17) alone. The prognosis of patients with APL
and t(15;17) alone and those with additional
changes is similar in both groups. This study indi-
cates that  there is  no  rationale  for administering
more intensive treatment in APL patients with addi-
tional cytogenetic abnormalities receiving ATRA plus
anthracycline-based  chemotherapy.
©2001, Ferrata Storti Foundation
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Acute promyelocytic leukemia (APL) is a sin-
gular type of acute myelogenous leukemia
(AML) displaying distinctive morphological,

clinical and genetic features. APL is genetically
characterized by a reciprocal translocation between
the long arms of chromosomes 15 and 17, t(15;17)
(q22;q21)1 which results in two hybrid fusion genes,
PML/RARα and RARα/PML.2 Nevertheless, in rare
APL cases (less than 1%) chromosome 17 is recip-
rocally translocated with other partners, such as
chromosomes 5 and 11.3 Conventional karyotyping
on banded metaphases has shown that, in addition
to the specific t(15;17), 30% to 35% of APL patients
have additional cytogenetic changes, most fre-
quently trisomy 8.4-10 These studies have explored
whether or not this subgroup with additional chro-
mosomal abnormalities has distinct clinical and
molecular features as well as a different outcome.
The results so far provided are controversial and
scarcely informative on the prognostic relevance of
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these abnormalities at least in APL patients receiv-
ing state-of-the-art therapeutic approaches. In fact,
with the exception of those included in the study
recently reported by De Bottom et al.,10 most of
patients included in the aforementioned studies had
been treated with chemotherapy (CHT) alone, and
they had not benefit from what is considered the
most effective modern treatment for APL, i.e. a
simultaneous all-trans retinoic acid (ATRA) plus
chemotherapy combination. Data from recently
reported large multicenter trials11-17 indicate that
ATRA combined with CHT results in a significant
improvement of remission, disease-free survival and
cure rates, particularly when ATRA is simultaneous-
ly administered with CHT.13-17 The impact of this
therapeutic progress leads to a new scenario in
which studies to evaluate the role of the secondary
cytogenetic changes are needed. The aforemen-
tioned report by De Bottom et al.10 has been the first
study addressing this issue in APL patients treated
with simultaneous ATRA and chemotherapy, includ-
ing anthracyclines and cytarabine showing that
additional chromosomal abnormalities had no
impact on prognosis.

The aim of the present study was to compare the
clinical and biological characteristics, as well as
the outcome, of APL patients with or without addi-
tional chromosomal changes to the t(15;17). Our
data indicate that secondary changes do not influ-
ence the prognosis of APL patients treated with an
ATRA plus anthracyclin-based protocol.

Design and Methods

Patients
Between November 1996 and November 1999, a

total of 186 newly diagnosed PML/RARα-positive
APL patients were enrolled in the Spanish PETHE-
MA/LPA96 trial, whose eligibility criteria and pro-
tocol design were reported elsewhere.16 Cytoge-
netic analysis was unavailable or inadequate for
the purposes of the study in 73 patients. All the
remaining 113 patients with successful karyotype
performed at diagnosis (see below for definition)
were included in the present study. 

Diagnosis
In addition to the morphologic and cytochemical

criteria used by the FAB classification, as well as
routine immunophenotyping, the diagnosis of APL
was genetically confirmed in all cases by demon-
stration of the PML/RARα hybrid gene and/or the
chromosomal translocation t(15;17)(q22;q21).
Immunophenotypic and cytogenetic analyses were
systematically performed at presentation only. For

the purpose of rapid diagnosis, we occasionally
employed immunohistochemical analysis of the
PML protein distribution, with the monoclonal
antibody PG-M3 (kindly provided by B. Falini) using
the procedure reported elsewhere.18

Cytogenetics and FISH
Bone marrow samples were cultured for 24 or

48 hours following standard procedures. The chro-
mosomes were stained by G-banding and the kary-
otypes reported according to ISCN (1995) recom-
mendations.19 Karyotypes were performed in the
reference hospitals. At least 15 metaphases were
analyzed in each case. Studies were considered
normal diploid if no clonal abnormalities were
detected in a minimum of 20 mitotic cells ana-
lyzed. In cases with PML/RARα rearrangement and
normal karyotype by conventional cytogenetics,
FISH studies were additionally carried out in
metaphase and interphase nuclei. Two-colour FISH
was performed using an APL t(15;17) translocation
probe (Vysis, Stuttgart, Germany) to detect the
PML-RARα fusion. In addition, two-color FISH with
painting probes for whole chromosomes 15 (Cam-
bio, Cambridge, UK) and 17 (Oncor, Gaithersburg,
MD, USA) were used.

As also reported by Slack et al.,7 patients with a
variant t(15;17) translocation as the sole cytoge-
netic change, or with a normal karyotype with the
fusion PML-RARα demonstrated by FISH, were
considered as t(15;17) without additional cytoge-
netic changes.

RT-PCR studies 
Details on processing of bone marrow samples

for RNA extraction and RT-PCR protocols for
PML/RARα amplification have been given in previ-
ous reports.16 RT-PCR tests were carried out by 12
different Spanish laboratories, involved in an exter-
nal quality control program, which included inter-
laboratory exchange of samples, as reported else-
where.20 In brief, a pre-established time interval
for PCR monitoring was planned to collect samples
at diagnosis, after induction, after consolidation,
every three months during the first two years, and
every four to six months thereafter. In cases of
doubtful or positive PCR during hematological
complete remission (HCR) after the end of consol-
idation, an extra bone marrow sample was taken
two to four weeks later to confirm the result. 

Treatment
The treatment schedule included an induction

course with ATRA plus idarubicin, as in the origi-
nal AIDA regimen,13 three monthly consolidation
courses and maintenance therapy with ATRA and
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low dose chemotherapy with ATRA, mercaptop-
urine and methotrexate. Details on the treatment
schedule have been previously reported.16 In brief,
induction consisted of 45 mg/m2 ATRA daily until
complete remission (CR) and 12 mg/m2 idarubicin
on days 2, 4, 6 and 8. Patients in CR received three
monthly chemotherapy courses: idarubicin 5
mg/m2/d × 4 (course #1), mitoxantrone 10 mg/m2/d
× 5 (course #2), and idarubicin 12 mg/m2/d × 1
(course #3). Maintenance therapy consisted of 90
mg/m2/d mercaptopurine orally, 15 mg/m2/week
methotrexate intramuscularly, and 45 mg/m2/d
ATRA for 15 days every three months.

Definitions and study endpoints
Hematological complete remission and hemato-

logical relapse were defined according to the
National Cancer Institute criteria.21 Molecular
remission was defined as the disappearance on an
ethidium bromide gel of the PML/RARα specific
band visualized at diagnosis, using an RT-PCR assay
with a sensitivity level of 10-4. Molecular relapse
was defined as the reappearance of PCR-positivi-
ty in two consecutive bone marrow samples at any
time after consolidation therapy. For Kaplan-Meier
actuarial estimates in which the event relapse was
the end point, such as the leukemia-free survival,
it was calculated in two different ways: 1) hema-
tological relapse was the only uncensored event
considered; in such case, patients who were inten-
sively treated because of a molecular relapse were
censored for survival analysis at the time of salvage
treatment; and 2) hematological and molecular
relapses were equally considered as uncensored
events.

Statistical methods
Chi-square and Fisher’s exact tests were used to

analyze differences in the distribution of variables
among patient subsets. For univariate comparison,
unadjusted time-to-event analyses were performed
using the Kaplan-Meier estimate,22 log-rank tests
and their generalizations.23-25 All survival estimates
are reported plus or minus (±) 1 SE. The median
duration of follow-up was 31 months (range, 5 to
50 months). Patient follow-up was updated in Feb-
ruary 2000. Computations were performed using
3D, 4F and 1L programs from the BMDP statistical
library (BMDP Statistical Software Inc, Los Ange-
les, CA, USA).

Results

Cytogenetic abnormalities and disease
characteristics

The main clinical and biological characteristics of
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Table 1. Base-line characteristics, therapy response and
outcome in APL patients with and without additional 
cytogenetic changes.

t(15;17) t(15;17) with 
alone  (n=79) additional changes (n=34)

Characteristic Median N (%) Median N (%) p value
(range) (range)

Age 42 38.5 NS
(7-74) (16-74)

≤15 2 (3) 0
16-60 65 (82) 27 (79)
>60 12 (15) 7 (21)

Gender
Male 45 (57) 23 (68) NS
Female 34 (43) 11 (32)

Coagulopathy 54 (68) 24 (71) NS

WBC (×109/L) 1.68 2.3 NS
(0.4-162) (0.7-210)

≤3.5  ×109/L 54 (68) 22 (65)
3.5-10  ×109/L 11 (14) 4 (12)
10-50 ×109/L 10 (13) 7 (20)
>50  ×109/L 4 (5) 1 (3)

Hemoglobin (g/dL) 9.6 9.5 NS
(4.4-15.2) (5.5 –13)

≤10 g/dL 48 (61) 19 (56)
>10 g/dL 31 (39) 15 (44)

Platelets (×109/L) 20 18.5 NS
(2-156) (1-137)

≤10×109/L 17 (21) 9 (26)
11-50×109/L 44 (56) 21 (62)
>50×109/L 18 (23) 4 (12)

BCR (n = 106) NS
1 36 (50) 16 (47)
2 5 (6) 2 (6)
3 31 (44) 16 (47)

FAB subtype NS
Typical 63 (80) 28 (82)
Variant 16 (20) 6 (17)

Absence of Auer Rods 11 (14) 2 (7)

CR 70 (89) 33 (97) NS

Hematologic relapses 8 (10) 1 (3)
Molecular relapses 11 (14) 3 (9)

% DFS at 4 years
hematologic/molecular 84/79 97/91 NS
relapses

Abbreviations: NS, not significant; WBC: white blood cells; BCR: breakppoint 
cluster region on PML gene; DFS, disease-free survival.



the 113 newly diagnosed PML/RARα-positive APL
patients who were considered eligible for the pre-
sent study are shown in Table 1. There were no sta-
tistically significant differences in the distribution
of clinico-biological variables between patients
with t(15;17) alone and those with additional
changes. No relationship was observed between
the PML/RARα isoforms and chromosomal abnor-
malities.

Additional chromosomal abnormalities were
found in 34 patients (30%) while 79 (70%) had
t(15;17) alone. Forty additional changes were
found associated to a t(15;17) (Table 2). The most
frequent additional change was trisomy 8 which
was present in 14 patients (12%), either alone (12
patients) or associated to other numerical abnor-
malities (2 patients). Five cases had abnormalities
of chromosome 9 (4%). Four of these cases had
structural abnormalities of chromosome 9, includ-
ing two patients with del(9)(q22), and the remain-
ing case had a trisomy 9. One patient displayed an
inv(9)(p13q13) in 40% of mitoses. Four cases had
structural abnormalities of 3q. Three patients
showed structural abnormalities of chromosome 8,
all of them with involvement of 8q21. Other addi-
tional abnormalities are listed in Table 2. Double
color FISH studies performed with a specific probe
to study the PML and RARa genes showed fusion
of the genes in the nine cases in which the t(15;17)
was not detected by conventional cytogenetics. In

6 of these patients the karyotype was normal while
in the remaining 3 cases the karyotype showed
other cytogenetic changes but not the t(15;17). In
all cases the absence of t(15;17) was confirmed by
double color painting of chromosomes 15 and 17.

Therapy response and outcome
Seventy out of the 73 patients (88%) with the

t(15;17) alone and 33 out of the 34 (97%) with
additional changes achieved CR. This difference
was not statistically significant (Table 1). Concern-
ing the subsequent clinical outcome, a total of 14
relapses were recorded (9 clinical and 5 molecular
relapses). When hematological relapse was the only
uncensored event considered, the four-year
Kaplan-Meier estimates of DFS for the total series
was 89±4%. Although DFS rate was higher in
patients with secondary changes (97±3%) than in
patients without additional abnormalities
(84±6%), these differences were not statistically
significant (Table 1 and Figure 1). When hemato-
logical and molecular relapses were equally con-
sidered as uncensored events, DFS was 83±5% for
the total series, and 91±5% and 79±5% for
patients with and without secondary changes,
respectively.

Discussion
The present study shows that secondary cytoge-

netic changes did not influence the therapy
response and outcome of patients with newly diag-
nosed APL receiving upfront ATRA and idarubicin
(AIDA) followed by an anthracycline-based consol-
idation. 

J.M. Hernández Rivas et al.810

haematologica vol. 86(8):august 2001

Table  2. Secondary cytogenetic changes in patients with
APL.

Chromosome Cytogenetic abnormality in addition to t(15;17).

8 +8 (fourteen patients)
t(8;19)(q21;p13)
t(X;8)(q27;q21)
del(8)(q13q22)

9 del(9)(q22)  (two patients)
inv(9)(p11q13)
t(1;9)(q32;q34)
+9

3 del(3)(q23)
t(3;4)(q26;p12)
t(X;3)(p22;q21)
add(3)(q24)

1 add(1)(p36)
t(1;12)(p32;p13)

17 ider(17)(t(15 ;17)(q22;q21) (  (t
(two patients)

Other additional abnormalities were:  -Y; add(2)(q36); +5; -5; t(6;20)(p21;q11);
del(13)(q14); add(14)(q32); +10.

Figure 1. Kaplan-Meier product-limit estimate of disease
free survival of patients with t(15;17) alone or with addi-
tional cytogenetic changes.



Overall the incidence of additional abnormalities
(30% of cases) besides t(15;17) is similar to that
described by others in large series,7,8,10 but slightly
lower compared to that described in smaller
series.6,9 In keeping with the results of other stud-
ies, trisomy 8 was the most frequent secondary
abnormality. Other structural abnormalities
involved 9q, 3q and 8q. Structural abnormalities of
chromosome 9, mostly deletions of 9q, are recur-
rently found in association with t(15;17).6,7 By con-
trast, abnormalities in 8q, other than trisomy 8, and
those of 3q are less frequent in APL.6,7,9

No clinical or biological differences were found
in the patients with t(15;17) alone and patients
with other cytogenetic changes. Thus the mor-
phology of M3v was found in a similar proportion
in patients with and without additional changes
to the t(15;17). This result also is in agreement with
previous reports7,8,10 but is in contrast with the find-
ings reported by Schoch et al. (1997) who found no
cases with additional abnormalities and variant
morphology. At the molecular level, previous
reports described a relationship between the break-
point at BCR-3 region and the presence of addi-
tional cytogenetic changes.7 By contrast our results
and those recently reported by De Botton et al.
(2000) do not demonstrate a relation between the
molecular breakpoint and the presence of addi-
tional chromosomal abnormalities.

It has been suggested that in some patients with
de novo AML the primary genetic event is the cre-
ation, by translocation or inversion, of an oncogenic
fusion protein.5 The role of additional cytogenetic
changes in the transformation process in leukemia
is unknown and the impact in the outcome is still
controversial. Several studies have analyzed the
possible role of the additional chromosomal abnor-
malities to the t(15;17) in the outcome of APL.6-10

However most of these studies have been per-
formed in series of patients who were not treated
with ATRA and chemotherapy.4-9 Several reports did
not show any difference in the prognosis of patients
with additional changes to t(15;17).6,8 However a
single study showed that the group with secondary
changes had a shorter survival,9 and a large study
by the CALG-B group showed a better event-free
survival for APL patients displaying additional cyto-
genetic changes.7 Recently, a study of the European
APL group, in which all patients received ATRA in
combination with chemotherapy, did not report dif-
ferences in the outcome of APL patients with addi-
tional abnormalities to t(15;17).10 Our results are in
keeping with the latter findings both in terms of
response to the therapy and disease free survival.

We remark however that, compared to patients in
the European APL study, our patients were only giv-
en anthracyclines as chemotherapy and received no
cytarabine. Thus, this is the first demonstration that
presence of karyotype alterations other than
t(15;17) do not confer inferior prognosis in APL
patients treated with an anthracycline-based
chemotherapy and ATRA. 

In summary, our findings lend further support to
the notion that no additional treatment is needed
in patients with newly diagnosed APL who have
additional karyotypic lesions besides t(15;17), par-
ticularly if they are enrolled in modern treatment
programs including front-line ATRA and anthracy-
cline-based chemotherapy.
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Potential implications for clinical practice

Patients with additional cytogenetic changes
have the same prognosis as patients with APL
and t(15;17) alone. They have to be treated with
the same therapy than the APL without addi-
tional cytogenetic changes
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Appendix
The following Institutions and personnel partici-

pated in PETHEMA trial.

Hospital Universitario La Fe, Valencia: Sanz MA,
Martín G, Bolufer P, Barragán E; Hospital Clínico
Universitario , Valencia: Tormo M, Marugán I; Hos-
pital Central de Asturias, Oviedo: Rayón C; Hospi-
tal Clínico San Carlos , Madrid: Díaz-Mediavilla J,
Villegas A; Hospital Universitario, Salamanca:
González M, Gutiérrez NC, Hernández JM; Hospi-
tal Insular de Las Palmas, Las Palmas: González JD; 

Hospital General , Alicante: Rivas C; Hospital Gener-
al, Pamplona: Pérez K; Hospital Clinic, Barcelona:
Esteve J, Colomer D; Hospital de Cruces, Baracal-
do: Alvarez MC; Hospital Ramón y Cajal, Madrid:
Odriozola J, Ferro C; H. U. Germans Trias i Pujol ,
Badalona: Ribera JM; Hospital Dr. Peset, Valencia:
Sayas MJ; Hospital Clínico Universitario , Valladol-
id: Fernández F; Complexo H. Xeral-Calde, Lugo:
Arias J; H. Universitario Vall D'Hebron, Barcelona:

Bueno J; Complejo Hospitalario , León: Ramos F;
H.U. Puerta del Mar, Cádiz: Capote FJ; H.U. Virgen
de la Victoria, Málaga: Pérez I; Hospital Xeral de
Galicia, Santiago de Compostela: Pérez M; Hospi-
tal 12 de Octubre, Madrid: De la Serna J, B o r n -
stein R; Hospital San Pau, Barcelona: Brunet S;
Hospital General de Murcia, Murcia: Moraleda JM; 

Hospital Reina Sofia, Córdoba: Rodriguez A, Román
J; Hospital Xeral Cíes, Vitoria: Poderós C; Hospital
Son Dureta, Palma de Mallorca: Novo A; Hospital
Severo Ochoa, Leganés: Sánchez P; Hospital Doc-
tor Trueta, Gerona: Guardia R; Hospital General,
Albacete: Romero JR; Hospital Rio Hortega, Val-
ladolid: Peñarrubia MJ; Hospital do Meixoeiro,
Vigo: Loureiro C; Hospital Rio Carrión, Palencia:
Ortega F; Hospital General, Jerez de la Frontera:
León A; H. Ntra Sra del Pino/Sabinal, Las Palmas:
Mataix R, Gómez T; Basurtuko Ospitalea, Basurto:
Beltrán de Heredia JM; H. San Pedro de Alcántara,
Cáceres: Bergua JM.
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