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Molecular Remission in PML/RARa-Positive Acute Promyelocytic Leukemia
by Combined All-frans Retinoic Acid

and Idarubicin (AIDA) Therapy

By Franco Mandelli, Daniela Diverio, Giuseppe Avvisati, Anna Luciano, Tiziano Barbui, Carlo Bernasconi,
Giorgio Broccia, Raffaella Cerri, Michele Falda, Giuseppe Fioritoni, Franco Leoni, Vincenzo Liso,

Maria Concetta Petti, Francesco Rodeghiero, Giuseppe Saglio, Maria Luce Vegna, Giuseppe Visani, Ulrich Jehn,
Roel Willemze, Petra Muus, Pier Giuseppe Pelicci, Andrea Biondi, and Francesco Lo Coco for the Gruppo ltaliano
Malattie Ematologiche Maligne dell’ Adulto and Associazione ltaliana di Ematologia ed Oncologia Pediatrica
Cooperative Groups

Two hundred fifty-three patients with newly diagnosed
acute promyelocytic leukemia (APL) were eligible to enter
the multicentric GIVIEMA-AIEOP “AIDA" trial during the pe-
riod July 1993 to February 1996. As a mandatory prerequisite
for eligibility, all patients had genetic evidence of the specific
t(15;17) lesion in their leukemic cells confirmed by karyotyp-
ing or by reverse transcription-polymerase chain reaction
(RT-PCR) of the PML/RAR« fusion gene (the latter available
in 247 cases). Median age was 37.8 years (range, 2.2 to 73.9).
Induction treatment consisted of oral all-trans retinoic acid
(ATRA), 45 mg/m?/d until complete remission (CR), given
with intravenous ldarubicin, 12 mg/m*/d on days 2, 4, 6, and
8. Three polychemotherapy cycles were given as consolida-
tion. Hematologic and molecular response by RT-PCR was
assessed after induction and after consolidation. At the time
of analysis, 240 of the 253 eligible patients were evaluable

CUTE PROMYELOCYTIC leukemia (APL) is a particu-
lar type of acute myeloid leukemia (AML) with char-
acteristic biological and clinical features, which include the
presence of a specific t(15;17) chromosome translocation in
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for induction. Of these, 11 {(5%) died of early complications
and 229 (95%) achieved hematologic remission. No cases of
resistant leukemia were observed, Of 139 cases studied by
RT-PCR after induction, 84 (60.5%) were PCR-negative and 55
(39.5%) PCR-positive. One hundred sixty-two patients were
evaluable by RT-PCR at the end of consolidation. Of these,
159 (98%) tested PCR-negative and 3 (2%), PCR-positive.
After a median follow up of 12 months (range, 0 to 33), the
estimated actuarial event-free survival for the whole series
of 253 eligible patients was 83% * 2.6% and 79% * 3.2% at
1 and 2 years, respectively. This study indicates that the
AIDA protocol is a well-tolerated regimen that induces mo-
lecular remission in almost all patients with PML/RARa-pos-
itive APL. Preliminary survival data suggest that a remark-
able cure rate can be obtained with this treatment.

© 1997 by The American Society of Hematology.

the leukemic blasts, the frequent association at diagnosis of
a severe hemorrhagic diathesis, and in vitro and in vivo
sensitivity to the differentiating agent all-trans retinoic acid
(ATRA)."

The t(15;17) 1nvolves the retinoic acid receptor « (RARa)
gene on chromosome 17 and the PML (for promyelocytic)
gene on chromosome 15 and generates a chimeric gene,
which 1s transcribed into the PML/RAR« fusion transcript.
The resulting PML/RARa chimeric protein is crucial to the
pathogenesis of the disease.™

The PML/RARa hybrid mRNA 1s readily detectable by
the reverse transcription-polymerase chain reaction (RT-PCR)
assay.™® As reported by several groups, including ours, RT-
PCR studies of the PML/RARa have proved extremely useful
in the clinical management of the disease.”!' Detection of
PML/RARa at diagnosis predicts response to ATRA, whereas
cases with morphelogical features of APL, which are PML/
RARa negative, are refractory to differentiative treatment.’
Moreover, when they are applied to evaluating residual dis-
ease during remission, RT-PCR tests can identify patients at
risk of relapse and in need of additional therapy.”"

Anthracycline-based chemotherapy (CHT) and ATRA are
the mainstay of APL treatment.* Anthracyclines alone or
in association with cytosine arabinoside induce complete
remission (CR) in a high percentage of cases (75% to 80%),
but this approach 1s associated with a high mortality rate (up
to 20%) during the early phases of treatment.>*'*'" Differ-
entiative treatment with ATRA results in greater than 90%
CRs, but patients remain invariably PCR positive after induc-
tion, and all relapse if no consolidation CHT is added.>*!%!
Furthermore, ATRA treatment has been associated with the
occurrence, in a sizable fraction of patients, of life-threaten-
ing complications. These include a severe respiratory distress
due to pulmonary infiltrates (ATRA syndrome) usually (but

Biood, Vol 90, No 3 (August 1), 1997: pp 1014-1021



MOLECULAR REMISSION IN PML/RARa +ve APL

not uniformly) correlated to a rapid increase of white blood
21,22

cell counts™ = and pseudotumor cerebri, which is more fre-
quently observed in younger patients.*?

Preliminary clinical studies have been performed with var-
ious combinations of ATRA and CHT in an attempt to obtain
more durable remissions and reduced ATRA-related toxicity.
The combinations, as demonstrated in a randomized trial,
seem to improve disease-free survival over that achieved
with chemotherapy alone.** Since 1983, the Italian coopera-
tive group, Gruppo Italiano Malattic Ematologiche Maligne
dell” Adulto (GIMEMA), adopted disease-tailored protocols
for APL, showing that anthracyclines alone are as effective
in inducing remission as polychemotherapy schemes.*” In
1993, amiming at improving the ecfficacy of APL-targeted
treatment, a new protocol combining ATRA and Idarubicin
(AIDA protocol) was designed by the GIMEMA, first as a
pilot,* then in association with the Associazione Italiana di
Ematologia ed Oncologia Pediatrica (AIEOP), as a larger
multicentric study. Prospective RT-PCR analyses were per-
formed on all patients at presentation to assess study eligibil-
ity and after treatment to better evaluate response and mini-
mal residual disease.

MATERIALS AND METHODS

Patients. Two hundred seventy-four consecutive patients with
newly diagnosed APL were registered during the period July 1993 to
February 1996. All cases were diagnosed as AML French-American-
British (FAB) M3 or M3 variant (M3v) by conventional morphocy-
tochemical criteria®” in 71 participating institutions (see Appendix).
The majority of these centers belong to the Italian cooperative groups
GIMEMA and AIEOP, while five belong to other European coun-
tries. Eligibility criteria to be enrolled in the AIDA protocol included:
age between | and 75 years, karyotypic and/or molecular evidence
of the t(15;17) 1n leukemic blasts at presentation, serum creatining
<2.5 mg/dL, serum alkaline phosphatase, bilirubin, and aspartate
aminotransterase (AST) <3 times the upper normal limit, no cardiac
contraindications to anthracycline chemotherapy, negative preg-
nancy test, and informed consent. Cases presenting with hyperleuko-
cytosis were also included in the study.

AIDA protocol.  Induction therapy consisted of 45 mg/m</d
ATRA administered orally until the achievement of CR or for a
maximum of 90 days, and four 12 mg/m- doses of Idarubicin given
intravenously (IV) on days 2, 4, 6, and 8. In patients less than
20 years old, ATRA doses were adjusted to 25 mg/m®, After the
achicvement of hematologic remission, patients received three con-
solidation polychemotherapy courses as reported.”® Each consolida-
“tion course was administered at recovery from the previous course,
when polymorphonuclear cells and platelet counts were > 1,500/ul.
and > 100,000/ul., respectively.

At the end of consolidation, residual discase was estimated by RT-
PCR before deciding further therapy. PCR-negative patients were
randomized into four arms including chemotherapy alone with 6-
mercaptopurine and methotrexate (arm 1), ATRA alone (arm 2),
alternating chemotherapy and ATRA (arm 3), or no further therapy
(arm 4). Patients who were PCR-positive underwent, il chigible,
allogeneic bone marrow transplantation in first CR.

ATRA syndrome was defined as **delinitely present’ or *‘overt”’
in the presence of the following five signs and symptoms: fever,
dyspnea, pleural and/or pericardial effusion, pulmonary infiltrates
on chest radiograph, and unexplained weight gain greater than S kg,
according to the original report by Frankel et al.** We defined as
“indeterminate’” ATRA syndrome a combination of two to four
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signs and symptoms ol the above mentioned #+ lower extremities
edema and hypotension. In all other patients, the ATRA syndrome
was defined as ‘‘definitely absent.”'** Rules for supportive therapy,
treatment of the ATRA syndrome, and prevention and control of the
coagulopathy have been reported in detail elsewhere,*

Collection and preparation of samples for molecular stucies.
Samples for RT-PCR analyses were requested at diagnosis, at the
time of CR after induction, and at the end of consolidation. With the
exception of some cases with hyperleukocytosts in which peripheral
blood (PB) samples were studied at presentation, all other diagnostic
and all remission samples were obtained {rom the bone marrow
(BM). Mononuclear cells, obtained by centrifuging BM or PB speci-
mens on a Ficoll-Hypaque density gradient, were washed twice in
sterile phosphate-buffered saline (PBS), suspended in a 4-mol/L. gua-
nidium thiocyanate (GTC) solution and stored at -20°C. These pro-
cedures were performed in each GIMEMA and ATEOP center using
RNAase-free disposable materials, The GT'C solution was previously
prepared by the referral molecular biology laboratories and distrib-
uted to all peripheral centers. Samples cryopreserved in GTC were
then sent in dry ice to two referral molecular biology laboratories
for RT-PCR studies (Hematology, University “‘La Sapienza’ of
Rome and Clinica Pediatrica, University of Milano, Monza).

RT-PCR of PML/RARc. Total RNA was extracted by the method
of Chomezynsky and Sacchi.” The integrity of RNAs was assessed
in all diagnostic and remission samples by electrophoretic run
through a formaldehyde minigel. The protocol and the primers used
to amplify the PMI/RARa hybrid gene have been reported else-
where.” To assess the efficiency of the RT step and to further verify
RNA integrity, a ¢cDNA fragment containing RARa exons 2 and 3
was coamplified in each analyzed sample (internal control). A posi-
tive control (amplification of RNA extracted from the promyelocytic
cell line NB4) and a negative control (all reagents plus water with
no RNA) was included in each experiment. To assess the sensitivity
of our RT-PCR method, total RNA 1solated from a diagnostic sample
with 100% blastic infiltration was serially diluted by mixing it with
the t(15;17) negative myeloid cell line GF-D8 RNA." Our assay
allowed us to detect the PML/RARe transcript in the presence of
0.1 ng total RNA, that is a final dilution of 107",

Fvaluation of response,  CR was defined as the reconstitution of
normal BM cellularity with less than 5% leukemic promyelocytes,
together with PB cell counts of polymorphonuclear leukocytes
(PMN) > [,500/ul. and platelets > 100,000/ L. Molecular remission
was defined as the disappearance, on ethidium bromide-stained elec-
trophoresis gel, of the specific PML/RARe amplification band iden-
tified at diagnosis, in the presence of RNA integrity as evaluated by
minigel visualization and successful amplification of the internal
control, Overall survival (OS) and event-{ree survival (EFS) duration
was caleulated by the method of Kaplan and Meier, The median
observation was 12 months (range, 0 to 33).

RESULTS

Patient characteristics at diagnosis.  Of the 274 patients
registered, 21 (7.7%) were considered ineligible, Exclusion
criteria for these 21 patients are reported in Table 1. These
21 patients were withdrawn from the study and treated difter-
ently.

The clinical and biological characteristics of the 253 eligi-
ble patients are shown in Table 2. Median age was 37.8
years (range, 2.2 to 73.9), Thirty-two cases (12.60%) were
classified as microgranular or vartant (M3v) APL on mor-
phologic examination. The median white blood cell (WBC)
count was 2.5 X 10”/L (range, 0.2 to 140.0). Bleeding symp-
toms were present at diagnosis in 67% of patients; of these,



1016

Table 1. Reasons, Other Than Age, for the Exclusion From Entering
the AIDA Protocol in 21 Patients Registered as AML-FAB M3

Exclusion Criteria No. of Cases

Karyotype NA*/PML-RARw-negative 7
Karyotype NA/PML-RARa NET 3
Karyotype NE+/PML-RAR«a-negative 2
Absence of t(15; 17)/PML-RARa-negative 2
Absence of t(15;17)/PML-RARa NE 2
L
1
1
1
T

Karyotype NA/specimen for RT-PCR not sent
t(11,;17)/PML-RARa-negative

HiV-positive

Poor performance status/active serious infection
Other concomitant malignancy

Abbreviations: NA, not available; HIV, human immunodeficiency
Virus.

* Karyotype, not available.

T PML-RARa NE, poor quality RNA.

1 Karyotype NE, no mitosis or poor quality metaphases.

94% also had laboratory evidence of coagulopathy defined as
fibrinogen <150 mg/dL and fibrinogen degradation products
(FDP) >40 ug/ml. or D-dimers (XDP) >400 pg/mL.

The type of PML/RAR«a transcript as detected by RT-
PCR (available 1n 247 cases) was berl-2 (or long type) in
152 (61.5%) patients, and ber3 (or short type) in 95 (38.5%)
patients. In the remaining six eligible patients, the t(15;17)
abnormality was detected by karyotypic examination only
and no material was available for molecular studies at diag-
nosis. The type of PML breakpoint was not significantly
correlated with age, sex, WBC count, or presence of coagu-
lopathy at presentation. However, the incidence of ber3 was
significantly higher in patients with a diagnosis of M3v. In
fact, a ber3 breakpoint was observed in 20 of 32 (62%) M3v
cases and 1n 75 of 215 (35%) hypergranular APL cases (P
= ,005).

Hematological and molecular response to induction ther-
apy. Of the 253 eligible patients, three died of intracranial
hemorrhage before the start treatment, one was lost to follow
up, two were crossed to chemotherapy at days +16 and
+20 due to ATRA toxicity and were considered as protocol
violations, and it was too early for response to induction to
be evaluated in seven patients.

Of the remaining 240 evaluable patients, 229 (95%) com-

Table 2. Clinical and Biological Features of Eligible Patients
at Diagnosis

Sex
V] 138 (54.5%)
F 115 (45.5%)
Age median 37.8
(range) 2.2-73.9
FAB M3 221 (86.4%)
M3v 32 {12.6%)
WBC x 10%L median 2.5
(range) 0.2-140.0

Type of PML/RARa transcript
Long (bcr 1-2) 152 (61.5%)
Short (ber 3) 95 (38.5%)
NA 6*

Abbreviation: NA, not available.
* All had the t(15;17).

MANDELLI ET AL

Table 3. Response to Induction Therapy

Eligible 253
Pretherapy deaths 3

Lost to follow-up 1
Violation 2

Too early 7
Evaluable 240

CR 229 (95%)
Induction deaths 11 (5%)
Resistant disease 0

pleted induction therapy and achieved hematologic CR, and
11 patients (5%) died during induction. No cases of resistant
disease were documented. Of the 11 early deaths, eight were
due to intracranial hemorrhage and occurred at days +1, +1,
+3, +7, +8, +8, +13, and +36, respectively; one to ATRA
syndrome (day +17), one to cerebral thrombosis (day -+13),
and one to myocardial infarction (day -+20). The median
time of ATRA therapy was 31 days (range, 3 to 90). The
median time for polymorphonuclear cells to recover to > 1.0
X 10°/L and platelets to >100 X 10°/L was 27 days (range,
4 to 48) and 28 days (range, 9 to 49), respectively. Table 3
shows clinical results after induction.

RT-PCR analysis for the evaluation of the PML/RAR«a

‘hybrid at the end of induction and before consolidation ther-

apy was performed in 139 cases. As to the other patients
who achieved CR, four cases were not evaluable due to poor
quality RNA and no samples were sent in for the remaining
cases. Fifty-five (39.5%) of the 139 patients analyzed in CR
after induction were PCR-positive and 84 (60.5%) PCR-
negative. There was no significant correlation between the
type of PML breakpoint and molecular response to induction
therapy.

Molecular response after consolidation and follow-up
analysis.  Of the 229 patients who entered hematologic CR,
5 died of complications during consolidation, 1 was lost to
follow up, 1 relapsed after the second cycle, and 60 have
yet to complete consolidation therapy. Of the remaining 162
tested by RT-PCR after consolidation, 159 (98%) were PCR-
negative and three (2%) PCR-positive. The three PCR-posi-
tive patients had all been positive at the end of induction.
The remaining 32 patients who had been PCR-positive at
the end of induction converted to PCR negativity after con-
solidation.

PCR assays between cycles of consolidation were per-
formed In a limited number of cases in this study. Of 23
patients PCR-positive postinduction, 16 (69.5%) converted
to PCR-negative and 7 (30.5%) remained PCR-positive after
the first consolidation. Of these seven PCR-positive, 2 were
sti]l PCR-positive and 2 converted to PCR-negative follow-
ing the second consolidation (no analyses were available at
this time in the other three cases. However, all three con-
verted to PCR-negative after the third cycle). In summary,
of 20 postinduction PCR-positive cases tested either after
one or two consolidation cycles, 18 (90%) achieved molecu-
lar remission before receiving the third chemotherapy con-
solidation course.

Sixteen (9.8%) of the 162 patients evaluable after consoli-
dation did not complete the three courses because of therapy-
related toxicity. Clinical and molecular data available in this
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Table 4. Clinical and Molecular Outcome of 16 Patients Withdrawn From Study Due To Therapy-Related Toxicity

ey A —
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Foltow-up RT-PCR

No. of Consolid. Further Therapy
UPN Age Cycles Received Type of Toxicity Postconsolid. Outcome Analyses
28024 65 0¥ Cardiac ATRA/MTX/6MP CCR 14+t Negative (2 tests)
28030 60 0 Infectious ATRA/MTX/6MP CCR 10+ Negative (2 tests)
04003 63 1 Infectious [FN CCR 33+ Negative {3 tests)
10004 62 T Infectious None Relapsed at 6 mo/dead Negative {2 tests)
35003 55 2 Neurologic None CCR 31+ Negative {6 tests)
04002 33 2 Infectious ATRA/MTX/6MP CCR 32+ Negative (3 tests)
36001 59 2 Infectious IFN CCR 32+ Negative (4 tests)
28015 63 2 Prolonged BNV hypoplasia MTX/6GMP CCR 33+ Negative (6 tests)
D6004 9 2 Severe mucositis None CCR 29+ Negative (6 tests)
43002 66 2 Prolonged BM hypoplasia None CCR 29+ Negative (4 tests)
37005 62 2 Prolonged BM hypoplasia None CCR 30+ Negative (5 1ests)
55001 43 2 Infectious None Relapsed at 7 mo/dead Positive after incd.¥
07006 63 2 Infectious None Dead at 2 mo§ Negative (1 test)
43005 66 2 Neurologic None CCR 16 Negative (3 tests)
28021 23 2 Infectious MTX/6MP CCR 17+ Negative 5 tests, 1
+ve ||
08005 31 2 Infectious None CCR 10+ Negative (3 tests)

Abbreviations: MTX, methotrexate; 6MP, 6-mercaptopurine; IFN, alpha 2b interferan.
* Patients 1 and 2 received induction therapy only.

T Months in continuous complete remission.

¥ Tested after induction therapy only.

8 Died of septic shock while in CR.

| Tested PCR-positive at the last molecular follow-up analysis.

7.2 X 10%/L (0.9 to 54.9). The type of breakpoint within the
PML gene, avatlable in 16 cases, was ber [-2 in nine patients,
and ber 3 in seven patients,

The estimated 12 and 24 months OS for all of the 253
cligible patients was 90% £ 1% and 87% * 2%, whereas
the EFS was calculated at 83% = 2.0% and 79% - 3.2,
respectively (Fig 1). The compartson of EES (calculated
from the achievement of CR) between patients who were
PCR-positive and PCR-negative at the end of induction
showed no statistically significant difference.

series are shown i1n Table 4. Median age was 61 years. In
the majority of cases, treatment withdrawal was due to infec-
tion and/or prolonged BM hypoplasia. These patients were
not randomized for maintenance; 7 patients received hetero-
geneous therapy as maintenance, whereas 9 had no further
treatment. The median remission duration of patients in this
group 1s 23 months (range, 2 to 33).

The results of the RT-PCR studies peformed at diagnosis,
after induction, and after consolidation in the whole series
are shown in Table 5. The three patients who tested PCR-
positive at the end of consolidation underwent allogeneic
BMT from an HLA-identical sibling. Of the 159 who tested
PCR-negative, 14 wenl off the study for protocol violation
(9 cases), treatment-related toxicity (4 cases), and retusal to
continue the therapeutic program (1 case). The rematning
145 patients were randomized for maintenance and are cur-
rently under evaluation for the effect of the dilferent treat-
ment approaches on relapse-free survival, 0.6

As of March 1996, 17 patients relapsed at 5 to 20 months
from the achievement of hematologic remission. Among,
these, two had not completed all cycles ol consolidation - - ;;:: f:‘: ‘iz
chemotherapy. Fifteen had typical hypergranular morphol- —
ogy at presentation, whereas two were classified as M3y,
The median WBC count in these serics of 17 patients was |

~ SURV

Probahility

Table 5. PCR Monitoring of PML/RARw

. S years
Evaluable PCR 1 (%) PCR (%) — 048 120 38
e e et et evresetrempeemseesesmer e Pea ot rlak
At diagnosis 247 247 (100%) - 240 120 36
After induction 139 55 (39.5%) 84 (60.5%) Eio 1 KaotanMel . f ' o and f
3 (2%) 169 (98%]) ig 1. Kaplan-NMeier estimates of overall survival and event-free

After onsolldatnon | 162 _ survival (EFS).
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Table 6. Clinical Features of Patients With Overt or “Definitely Present’” ATRA Syndrome

WRBC Count {x10%L)
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UPN Age/Sex FAB Initial
07006 63/F M3 0.5
24009 46/V! M3y 54.2
24010 36/F M3 7.2
35005 45/M M3 11.6
55003 40/F M3 0.6
24001 31/F M3 1.5

Abbreviation:; discont./Dexamet., discontinuation/Dexamethasone.

ATRA svndrome and other therapy-related toxicity.  Of
240 patients evaluable tor induction therapy, 6 (2.5%) devel-
oped an overt or “‘definitely present’” ATRA syndrome and
one patient died of it. Clinical features including WBC initial
count and peak, specific treatment for the syndrome, and
outcome ol these patients are reported in Table 6. In 11
additional cases, a combination of signs and symptoms was
observed, which allowed us to classity them as having “‘in-
determinate’” ATRA syndrome. Finally, ATRA syndrome
was considered ‘‘definitely absent’ in 223 of 240 patients
(93%).

Other ATRA-related adverse reactions included mucosal
and skin dryness (29% of cases), hypotension (7%), head-
ache (13%), severe bone pain (6%), pseudotumor cerebri
(2%), and hypercholesterolemia (6%). Scrotal ulcerations
were observed In two patients (1%).

As to the other therapy-related toxicity, mainly due to
anthracycline treatment, these were limited to stomatitis
(6%), hemorrhages (15%), nausea and vomiting (5%), diar-
rhea (2%), cardiac (2.5%), hepatic (3%), and renal (0.5%)
toxicities considering together only World Health Organiza-
(ron (WHO) grades 3 and 4.

Of the 5 deaths occurring after the end of induction, 3
were recorded during the first consolidation course and
during the second course. Three deaths were due to bacterial
infection, one to hepatitis, and one to an ATRA syndrome
developed in CR.

I

DISCUSSION

Of all acute leukemias, APL 1s at present the form to
which molccular studies contribute the most clinically rele-
vant information. Three lines ol evidence support this as-
sumption, ie, (1) the PML/RAR« genetic lesion is absolutely
APL-specific and found in virtually 100% of cases=™; (2) the
disease responds specifically to a distinct treatment approach
that 1s also effective against the life-threatening coagulopa-
thy**; and (3) PML/RARe« detection in the leukemic blasts
predicts response to ATRA.® A similar combination of cir-
cumstances 1s not observed in any other human leukemia.

The mandatory prerequisite for entry into this study was
molecular or cytogenetic evidence of the t(15;17) in leuke-
mia cells at diagnosis. The characterization of the PML/
RAR« junction type, available in 247 of 253 (98%) eligible
patients, also provided an ideal specific marker for the sensi-
tive assessment of response to therapy. Based on past experi-

Peak
(day of treatment) Therapy Outcome
5.9 {6) ATRA discont./Dexamet. CR
101.0 {2) ATRA discont./Dexamet. CR
18.2 (4) ATRA discont./Dexamet. CR
25.8 {7} ATRA discont./Dexamet. CR
1.6 {16) ATRA discont./Dexamet. CR
5.1 (4) ATRA discont./Dexamet. Died

ence gained as a referral laboratory for RT-PCR analysis 1n
a multicentric study,”® we put special emphasis on the logistic
organization of the molecular studies. In particular, we rec-
ommended that rapid isolation and storage of the mononu-
clear (MNC) cell fraction of marrow aspirates in an RNAase
inhibitor (guanidium isothiocyanate), be performed locally
in each participating center before shipment. This procedure
turned out to be extremely important for the extraction of
good quality RNA in the vast majority of cases.

The results of induction therapy with ATRA and Idaru-
bicin show that all PML/RAR« positive patients are respon-
sive to this treatment. As a genetic diagnosis of APL was
not required in any previously published study, it might seem
inappropriate to compare our data with results obtained using
other protocols, whether they included ATRA or not. How-
ever, 1t 1S concelvable that the lower CR rate reported in
other studies could have been due, at least in part, to PML/
RAR« negative patients being enrolled.'*** Several new
acute leukemia entities, which morphologically resemble
typical APL but manifest distinct genetic and/or immunophe-
notypic features, have been described recently. They include
cases with variant translocation that involve RARa on 17q-
with partner chromosomes other than 15, for example
t(11;17) and t(5;17) associated APL,*"* as well as cases
with & myeloid-natural killer (CD56%) immunophenotype.™
Because these cases do not express the PML/RAR«a fusion
gene and fail to respond to ATRA, patients with no cytoge-
netic or molecular proof of the t(15;17) in their leukemia
blasts at presentation were excluded from our series (Table
1).

The AIDA induction regimen appears to be well tolerated.
In fact, the 1ncidence and the severity of complications, in-
cluding hemorrhagic deaths, ATRA syndrome, and other
therapy-related toxicity were lower in our series than in other
induction protocols irrespective of whether or not they in-
cluded ATRA."***** The combination of a differentiating
agent and a cytotoxic drug administered in the early phase
of therapy very likely provided a counteraction against either
the bleeding diathesis due to the coagulopathy or the occur-
rence of the severe pulmonary symptoms associated with
the ATRA syndrome. Several investigators have shown that
ATRA treatment significantly improves the APL-associated
coagulopathy,*® while cytotoxic chemotherapy is known
to prevent the onset of the ATRA syndrome, being often
anticipated in patients considered at risk because of hyper-
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leukocytosis at presentation.”' These two severe complica-
tions, which so far represented the major causes of induction
death 1n APL, were recorded in a minority of cases in this
study. Overall, 11 of 240 parients (5%) died during induction
treatment.

Following the guidelines of the New York Group (Frankel
et al*® and previous personal communication by Dr R.P. War-
rell Jr, April 1993), we recommended to all physicians of
our Cooperative Group to promptly administer I'V dexameth-
asone as prophylactic treatment at the earliest clinical sign
of dyspnea. It is conceivable that, in conjunction with early
chemotherapy administration, this policy contributed to pre-
vent the onset of a full-blown and life-threatening ATRA
syndrome in the vast majority ol our patients.

Concerning consolidation, our clinical and molecular data
suggest that the administration of less postremission treat-
ment might be considered in the future, at least for elderly
patients. In fact, as shown in Table 4, the median age of
patients withdrawn from the study because of therapy-related
toxicity was 61 years, Furthermore, the preliminary follow-
up analysis in this series showed a short-term outcome com-
parable to that of patients receiving the three consolidation
courses.

PCR results between consolidation cycles, although only
available 1n a fraction of cases, indicate that the vast majority
of patients achieve molecular remission after two cycles.
A prolonged follow-up analysis is needed to establish the
prognostic significance of these early achieved molecular
remissions and to verify whether less postremission treat-
ment could be effective 1n APL, regardless of age.

Molecular remission was achieved i 60% of our cases
after induction and 989% after consolidation. We are not sure
whether the PCR positivity detected at the end of induction
reflects persistence of resistant blasts or delayed ATRA-
induced maturation., We are also unable to assess whether
the different kinetics of molecular response and leukemia-
cell clearance have prognostic value. However, the attain-
ment of a remission status corresponding to less than 10
PML/RARc-posttive cells (according to the sensitivity of
our assay) in almost all patients 1s further testimony for the
therapeutic efficacy of the AIDA regimen,

While PCR positivity during hematologic remission in
APL 1s generally considered a strong predictor of clinical
relapse, the achievement of a PCR-negative status 1s no guar-
antee of cure, as indicated by the 17 relapses oceurring in
patients who had previously tested PCR-negative. This prab-
ably reflects the limited sensttivity of the RT-PCR assay for
PML/RARc." At the time of the present analysis, due to the
low number of adverse events, no predictive features could
be found that were associated with a higher probability of
relapse. In particular, no statistically significant association
was found between treatment outcome and type ol PML
breakpoint, WBC count, or PCR status after induction. How-
ever, 1t 18 interesting to observe that patients who relapsed
had higher median WBC counts at diagnosis. Future analysis
ol these parameters in a larger series and on a longer follow-
up, might provide relevant information as to the possibility
ol identifying patients at higher risk of relapse.

Because of the uncertainty of the fate of patients who
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achieve PCR negativity, it 1s too early to predict the long-
term outcome in the present series. However, the actuarial
|- and 2-year EFS estimates (83% = 2.6% and 79% * 3.2%,
respectively) are promising figures with respect to long-term
outcome. In addition, APL patients who relapse are easily
rescued into second remission and become long-term survi-
vors more often than patients with other myeloid leuke-
mias."’

In conclusion, our results indicate that a specific treatment
approach targetted to a molecular abnormality might dramat-
tcally change the natural history of APL, turning this once
rapidly fatal disease into one of the most frequently curable
acute leukemias. In addition, APL ofters a model that should
trigger interest to identify other genetico-clinical subsets of
acute leukemia so that currently available therapy and future
advancements can be more precisely directed at treating
these diseases.
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Roma, G. Leone, S. Sica; Divisione di Ematolgia, Ospedali Riuniti,
Reggio Calabria, F. Nobile, B. Martino; Sezione di Ematolgia,
Ospedale S. Croce, Cuneo, E. Gallo, A. Gallamini; Divisione di
Ematologia, Ospedale S.Maria Goretti, Lating, L. Deriu, A. Cheri-
chini; Sezione di Ematologia, CTMOQO, Cremona, A. Poreelling, S.
Morandi; Divisione di Ematologia, Nuovo Policlintco, Napoli, B.
Rotoli, C. Sclleri; Cattedra di Ematologia, Universitd, Perugia, MLF,
Martelli, A. Tabilio; Clintca Medica, Universita’, Palermo, A, Ca-

jozzo, M. Musso; Divisione di Ematelogia, Ospedale V. Cervello,

Yalermo, F, Caronia, S, Mirto, A. Santoro; Divisione di Ematologia,
Qspedale B.Gesu, Roma, G, De Rossi, M. Caniggia; Istituto di Ema-
lologia, Nuovo Ospedale Torrette, Ancona, P, Leont, M, Montillo;



1020
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nel; Patologia Medica, Universita’, Genova, R. Ghio, E. Ballearr;
Clinica Medica, Policlinico S. Matteo, Pavia, E. Ascarl, R. Inver-
nizzi; Divisione di Ematologia, Universita’, Pisa, B. Grassi, M. Pe-
trini; Ematologia, Ospedale S.S. Annunziata, Taranto, P. Mazza, G.
Lazzari; Cattedra di Ematologia, Universita’, Udine, M. Baccarani,
A. Candoni; Ematologia Pediatrica, Universita’, Catania, G. Schi-
liro’, A.M. Ippolito; Ematologia, IV Divisione Pediatrica, Genova,
L. Massimo, C. Micalizzi: Cinica Pedtatrica, Universita’, Pavia, F.
Severi, F. Locatelli; Ematologia, Ospedale Regionale A. Di Summa,
Brindisi, G. Quarta, A. Melpignano; Cattedra di Ematologia, Uni-
versita’, Ferrara, G. Castoldi, F. Lanza; Semeiotica Medica, Uni-
versita’, Genova, F. Patrone, M. Sessarego; Divisione di Ematologia,
Ospedale Niguarda, Milano, E. Morra, A.M. Nosarl; Ematologia,
Ospedale S. Raffaele, Milano, C. Bordignon, L. Camba; Ematologia
ed Autotrapianto Ospedale S. Martino, Genova, A. M. Carella, F.
Frassoni; Sezione di Ematologia, Ospedale S. Francesco, Nuoro, A.
Gabbas, G. Latte; Cattedra di Ematologia, Policlinico, Palermo, P.
Citarella, S. Grisanti; Divisione di Ematologia, Ospedale S. Salva-
tore, Pesaro, G. Lucarelli, G. Sparaventi; Sezione di Ematologia,
Ospedale S. Carlo, Potenza, F. Ricciuti, M. Pizzuti; Divisione di
Ematologta, Ospedale S. Camillo, Roma, A, D¢ Laurenzi, L. Pacilli;
Divisione di Ematologia, Casa Sollievo della Sofferenza, S.G. Ro-
tondo, M. Carotenuto, S. Ladogana; Divisione di Ematologia,
Ospedale A. Sclavo, Siena, E. Dispensa, A. Bucalossi; Clinica Pedi-
atrica, Ospedale G. Salesi, Ancona, P. Giorgi, L. Felici; Clinica
Pediatrica I, Policlinico, Ban, F. Schettini, N. Santoro; Onco-Emato-
logia Pediatrica, Ospedale Regionale, Cagliari, P, Biddau; II Divisi-
one Pediatrica, Ospedale Pausilipon, Napoli, V. Poggi, M.F. Pint;
Clinica Pediatrica I, Unmiversita’, Napoli, M.T. Di Tullio, M. Giuli-
ano; Clinica Pediatrica IX, Universita’, Padova, L. Zanesco, M. Pilon;:
Clinica Pediatrica IlI, Universita’, Pisa, P. Macchia, C. Favre; Cli-
nica Pediatrica, Universita’, Torino, E. Madon, R. Miniero; Depart-
ment of Hematology, University of Niyjmegen (NL) T. de Witte, P.
Muus; Medizinische Klinik III, University of Munich (D), U. Jehn;
Department of Hematology, University of Leiden (NL), R. Wil-
lemze; Department of Hematology, University of Ankara (TK),
M.Beksac; and Az Middelheim, Afdeling Hemato-Oncologie, An-
twerpen (B), R. De Bock.

REFERENCES

1. Stone R, Mayer RJ: The unique aspects of acute promyelocytic
leukemia, J Clin Oncol 8:1913, 1990

2. Avvisati G, ten Cate JW, Mandelli F; Acute promyelocytic
leukemia. Br J Haematol 81:315, 1992

3. Warrell RP Jr, de Thé H, Wang Z-Y, Degos L: Acute promy-
elocytic leukemia. N Engl J Med 329:177, 1993

4. Grignani F, Fagioli M, Alcalay M, Longo L, Pandolfi PP, Dotti
E, Biondi A, Lo Coco F, Grignani F, Pelicci PG: Acute promyelo-
cytic leukemia: From geneties to treatment, Blood 83:10, 1994

3. Brondi A, Rambaldi A, Pandolfi PP, Rossi V, Giudict G, Alca-
lay M, Lo Coco F, Diverio D, Pogliani EM, Lanzi EM, Mandelli F,
Masera G, Barbui G, Pelicei PG: Molecular monitoring of the myl/
RARe fusion gene in acute promyelocytic leukemia by polymerase
chain reaction. Blood 80:49, 1992

6. Miller WH, Kakizuka A, Frankel SR, Warrell RP Jr, DeBlasio
A, Levine K, Evans RM, Dmitrovsky E: Reverse transcription-poly-
merase chain reaction for the rearranged retinoic acid receptor clari-
fies diagnosis and detects minimal residual disease in acute promy-
elocytic leukemia. Proc Natl Acad Sci USA 89:2694, 1992

7. Lo Coco F, Diverio D, Pandolfi PP, Biondi A, Rossi V, Avvi-
sati G, Rambaldi A, Arcese W, Petti MC, Meloni G, Mandelli F,
Grignani F, Masera G, Barbui T, Pelicci PG: Molecular evaluation
of residual disease as a predictor of relapse in acute promyelocytic
leukemua, Lancet 340:1437, 1992

MANDELLI ET AL

8. Huang W, Sun G-L, Li X-S, Cao Q, Lu Y, Jang G-S, Zhang
F-Q, Chai J-R, Wang ZY, Waxman S, Chen Z, Chen S-J: Acute
promyelocytic leukemia: Clinical relevance of two major PML/
RARc isoforms and detection of mintmal residual disease by retro-
transcriptase polymerase chain reaction to predict relapse. Blood
82:1264, 1993

9. Miller WH, Levine K, DeBlasio A, Frankel SR, Dmitrovsky
E, Warrell RP Jr: Detection of minimal residual disease in acute

promyelocytic leukemia by a reverse transcription polymerase chain
reaction assay for the PML/RARa fusion mRNA. Blood 6:1639,
1993

10. Diverio D, Pandolfi PP, Rossi V, Biondi A, Pelicci PG, Lo
Coco F: Monitoring of treatment outcome in acute promyelocytic
leukemia by reverse transcription-polymerase chain reaction. Leuke-
mia 12:327, 1994

1. Fukutani H, Naoe T, Ohno R, Yoshida H, Kiyoi H, Miyawaki
S, Morishita H, Sano F, Kamibayashi H, Matsue K, Miyake T,
Hasegawa S, Ueda Y, Kato Y, Kobayashi H, Shimazakt C, Koba-
yashi M, Kurane R, Sakota H, Masaki K, Wakayama T, Tohyama
K, Nonaka Y, Natori H: Prognostic significance of the RT-PCR
assay of PML/RARe transcripts in acute promyelocytic leukemia.
Leukemia 9:588, 1995

12. Bernard J, Weil M, Boiron M, Jacquillat C, Flandrin G,
Gemon MF: Acute promyelocytic leukemia. Results of treatment
with daunorubicin. Blood 41:489, 1973

13. Marty M, Ganem G, Fischer J, Flandrin G, Berger R, Schaison
G, Degos L, Boiron M: Leucémie aigue promyélocitaire: étude retro-
spective de 119 malades traités par daunorubicine. Nouv Rev Fr
Hematol 26:371, 1984

14, Petti MC, Avvisati G, Amadori S, Baccarani M, Guarini AR,
Papa G, Rostt GA, Tura S, Mandellt F: Acute promyelocytic leuke-
mia: Clinical aspects and results of treatment in 62 patients. Haema-
tologica 72:151, 1987

15. Sanz MA, Jarque I, Martin G, Lorenzo [, Martinez J, Rafecas
J, Pastor E, Sayas MJ, Sanz G, Gomis F: Acute promyelocytic
leukemia, Therapy results and prognostic factors. Cancer 61:7, 1988

16. Avvisati G, Mandelli F, Petti MC, Vegna ML, Spadea A,
Liso V, Specchia G, Bernasconi C, Alessandrino EP, Piatti C, Carella
AM: Idarubicin (4-Demethoxidaunorubicin) as single agent for re-
mission nduction of previously untreated acute promyelocytic leu-
kemia. A pilot study of the Italian cooperative group GIMEMA. Eur
J Haematol 44:257, 1990

17. Head D, Kopecky KJ, Weick I, Files JC, Ryan D, Foucar K,
Montiel M, Bickers J Fishleder A, Miller M, Spier C, Hanson C,
Bitter M, Braziel R, Mills G, Welborn J, Williams W, Hewlett ],
Willman C, Appelbaum FR: Effect of aggressive daunomycin ther-
apy on survival in acute promyelocytic leukemia. Blood 86:1717,
1995

(8. Huang ME, Ye HC, Chen SR, Chai JR, Lu HX, Zoha L., Gu
LI, Wang ZY: Use of all-trans retinoic acid in the treatment of acute
promyelocytic leukemia. Blood 72:567, 1988

19. Castaigne S, Chomienne C, Daniel MT, Ballerini P, Berger
R, Fenaux P, Degos L: All-trans retinoic acid as a differentiation
therapy for acute promyelocytic leukemia. I Clinical results. Blood
76:1704, 1990

20. Warrell RP Jr, Frankel SR, Miller WH Jr, Scheinberg DA,
Itri LM, Hittelman WN, Vyas R, Andreeff M, Tafuri A, Jakubowski
A, Gabrilove J, Gordon MS, Dmitrovsky E: Differentiation therapy
for acute promyelocytic leukemia with tretinoin (all-trans retinoic
acid). N Engl J Med 324:1385, 1991

21. Degos L, Dombret H, Chomienne C, Daniel MT, Miclea JM,
Chastang C, Castaigne S, Fenaux P: All-trans retinoic acid as a
differentiating agent in the treatment of acute promyelocytic leuke-
mia. Blood 85:2643, 1995

22. Frankel SR, Eardley A, Lauwers G, Weiss M, Warrell RP Jr:



MOLECULAR REMISSION IN PML/RARa +ve APL

The ‘retinoic acid syndrome’ in acute promyelocytic leukemia. Ann
Intern Med 117:292, 1992

23. Mahmoud HH, Hurwitz CA, Roberts WM, Santana VM, Ri-
beiro RC, Krance RA: Tretinoin toxicity in children with acute pro-
myelocytic leukemia. Lancet 342:1394, 1993

24. Fenaux P, Le Deley MC, Castaigne S, Archimbaud E, Cho-
mienne C, Link H, Guerci A, Duarte M, Daniel MT, Bowen D,
Huembner G, Bauters F, Fegueux N, Fei M, Sanz MA, Lowenberg
B, Maloisel F, Auzanneau G, Sadoun A, Gardin C, Bastion Y, Ganser
A, Jacky E, Dombret H, Chastang C, Degos L: Effect of all-trans
retinoic acid in newly diagnosed acute promyelocytic leukemia. Re-
sults of a multicenter randomised trial. Blood 82:3241, 1993

25. Avvisati G: Treatment of newly diagnosed acute promyelo-
cytic leukemia: The experience of the Italian Cooperative Group
GIMEMA during 12 years (1983-1995). Sangre (Barc) 40:136, 1995
(suppl 3)

26. Avvisati G, Lo Coco F, Diverio D, Falda M, Ferrara F, Laz-
zarino M, Russo D, Petti MC, Mandelli F: AIDA (All-trans retinoie
acid plus Idarubicin) in newly diagnosed acute promyelocytic leuke-
mia: A GIMEMA pilot study. Blood 88:1390, 1996

27. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton
DAG, Gralnick HR, Sultan C: Proposed revised criteria for the clas-
sification of acute leukemias: A report of the French-American-
British cooperative group. Ann Intern Med 103:629, 1985

28. Frankel SR, Eardley A, Heller G, Berman E, Miller WH
Jr, Dmitrovsky E, Warrell RP Jr: All-trans retinoic acid for acute
promyelocytic leukemia. Results of the New York study. Ann Intern
Med 120:278, 1994

29. Chomczynsky P, Sacchi N: Single step method of RNA isola-
tion by acid guanidium thiocyanate - phenol chloroform extraction.
Anal Biochem 162:156, 1987

30. Kanamuru A, Takemoto Y, Tanimoto M, Murakami H, Asou
N, Kobayashi T, Kuriyama K, Obmoto E, Sakamaki H, Tsubaki K,
Hiraoka A, Yamada O, Oh H, Saito K, Matsuda S, Minato K, Ohno
R: All-trans retinoic acid for the treatment of newly diagnosed acute
promyelocytic leukemia. Blood 85:1202, 1995

1021

31. Licht JD, Chomienne C, Goy A, Chen A, Scott AA, Head
DR, Michaux JL, Wu Y, DeBlasio A, Miller WH Jr, Zelentz AD,
Willman CL, Chen Z, Chen SJ, Zelent A, Macintyre E, Vell A,
Cortes J, Kantarjian H, Waxman S: Clinical and molecular character-
ization of a rare syndrome of acute promyelocytic leukemia associ-
ated with translocation t(11;17). Blood 85:1083, 1995

32. Redner RL, Rush EA, Faas S, Rudert WA, Corcy SJ: The
t(5;17) variant of acute promyelocytic leukemia expresses a nucleo-
phosmin-retinoic acid receptor. Blood 87:882, 1996

33. Scott AA, Head DR, Kopecky KJ, Appelbaum FR, Theil KS,
Grever MR, Chen IM, Whittaker MH, Grift BB, Licht JD, Waxman
S, Whalen MM, Bankhurst AD, Richter L.C, Groagan TM, Willman

leukemia: A previously unrecognized form of acute leukemia poten-
tially misdiagnosed as French-American-British acute myeloid leu-
kemia. Blood 84:244, 1994

34, Dombret H, Scrobohaci ML, Ghorra P, Zini JM, Daniel MT,
Castaigne S, Degos L: Coagulation disorder in acute promyelocytic
leukemia: Corrective effect of all-trang retinoic actd treatment. Leu-
kemia 7:2, 1993

35. Falanga A, Iacoviello L, Evangelista V, Bellotti D, Consonni
R, D'Orazio A, Robba L, Donati MB, Barbui T: Loss of blasts cell
procoagulant activity and improvement of hemostastic variables in
patients with acute promyelocytic on all-trans retinoic acid. Blood
86:1072, 1995

36. Avvisati G, Dragoni F, Chistolini A, Mazzucconi MG, Pal-
lotta A, Latagliata R, Petti MC, Mandelli F: Rapid amelioration of
the coagulopathy in acute promyelocytic leukemia (APL) treated
with a combination of all-trans retinoic acid (ATRA) plus idarubicin
(AIDA protocol). Thromb Haemost 73:1432, 1995 (abstr 2034 )

37. Mandelli F, Labopin M, Granena A, Iriondo A, Prentice G,
Bacigalupo A, Sierra J, Meloni G, Frassoni I, Goldman J, Gratwhol
A, Gorin NC, for the EBMT: European survey of bone marrow
transplantation in acute promyelocytic leukemia (M3). Bone Marrow
Transplant 14:293, 1994



