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All-trans retinoic acid (ATRA) plus anthracy-
cline chemotherapy is the reference treat-
ment of newly diagnosed acute promyalo-
cytic leukemia {APL), whereas the role of
cytosine arabinoside (AraC) remains dis-
puted. We performed a joint analysis of
patients younger than 65 years included in
Programa para el Estudio de la Terapéutica
en Hemopatia Maligna (PETHEMA) LPA &8
trial, where patients received no AraC in
addition to ATRA, high cumulative dose

trial, where patients received AraC in addi-
tion to ATRA and lower cumulative dose
daunorubicin. In patients with white blood
call (WBC) count less than 10 = 10%L, com-
plete remission (CH) retes were similar, but
3year cumulative incidence of relapse (CIR)
was significantly lower in LPA 59 trial: 4.2%
versus 14.3% (P = J03), althowgh 3-year sur-
vival was similar in both trials. This sug-
gested that AraC is not required in APL with
WBC count less than 10 x 10%L, &t least in

tenance treatment. In patients with WBC of
10 = 10%L or more, however, the CR rete
(85.1% ws 83.6% P = .[018) and 3-year sur-
vival (31.5% ws 80.8%, P = .026) were signifi-
cantly higher in APL 2000 trial, and there
was & trend for lower 3-year CIR (9.9% vs
18.5%, P = .1Z), suggesting a beneficial role
for AraC in those patients. (Blood. 2008;111:
1078-1084)

idarubicin, and mitoxantrone, and APL 2000
Introduction

trials with high-dose anthracycline and main-

0 2008 by The

Acute promyelocytic leukemia (APL) is a distinct subtyvpe of
acute myeloid leukemia characterized by its morphology, t15;
17} translocation leading to PMEL-REARa fusion gene, and by a
life-threatening coagulopathy.' All-trans retinoic acid (ATRA)
combined with anthracycline-based chemotherapy yield com-
plete remission (CR) rate in approximately 90% of newly
diagnosed AFLs and 25% to 30% subscquently relapse.® Mainte-
nance treatment (especially combining continuous G-mercapto-
purine [6MP] and methotrexate [MTX] to ATRA) appears to
further reduce the relapse risk to 10% to 15%.%% Pretreatment
white blood cell (WBC) count is the main factor associated with
relapse in APL and a predictive model for relapse risk (Sanz
score) based on pretreatment WBC and platelet counts allowing
for the distinction among low-risk patients (with WBC count
< 10 * 10%L and platelet count = 40 x 10%L), intermediate-
risk patients (with WBC count < 10 x 10%L and platelet count
< 40 ® 10%L), end high-risk paticnts (with WBC count
= 10 x 10%L).0°

Another sizable subset of patients die in CR from complica-
tions of consolidation treatment, mainly from infection due to

chemotherapy-induced myelosuppression. ™ -3 To decrease maor-
tality in CR, the Programa para el Estudio de la Terapéutica en
Hemopatfa Maligna (PETHEMA) group reduced the intensity of
consolidation chemotherapy by avoiding cytosine arsbinoside
{AraC) in the chemotherapy regimen.®? They observed CR rates
comparable with regimens using a combination of AralC with
anthracycline, a lower rate of death in CR (2%) and 2 low
cumulative incidence of relapse (10%). On the other hand, the
French-Belgian-Swiss APL group, in a randomized trial in
patients with WBC count less than 10 % 10%/L that tested the
rele of AraC in addition to ATRA and anthracyclines, found a
significantly higher cumulative incidence of relapse and lower
survival in paticnts treated without AraC.'*

To assess those discrepancies between PETHEMA and French-
Belgian-Swiss results, particularly regarding the role of AraC, we
performed a joint analysis of results of LPA 99 (PETHEMA group)
and APL 2000 (French-Belgian-Swiss APL group) studies. We
restricted, in APL 2000 trigl, the joint analysis to patients who
received AraC, excluding low-risk patients who were randomized
to receive induction trestment without AraC.
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Figure 1. Design of the LPASS and APL2000 trisls.
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Methods
Design of LPA 99 and APL 2000 trials

Elgibility eriteria for both stodies were a dagnosis of die sove APL with
demorstration of the 1(15;17) of PMLEAR rearrangement, no cardiac
mmmh&mum 1.0 anthracycline nlmml.l'uapy amd & sigped informed

was obtained in accord with the Declarath
of Helanki, and both prolocols were approved by the Ressareh Erhies
Board af each partickpating hospital_

LPA ¥ reial  The induction regimen constted of oral ATRA
(45 mplem® per day), divided imto 2 daily deses and mabntained ustil
compbele hematobogic reavssion, and idarubacin (12 mefm® per day) given
on days 24,6, and B Afler CR a:}bemmn'l..}nw-riskpaﬁam according to

Sang seore recetved 3 bl 13k T isting of idarubi-

mn{Smymzpud.ay]mdayg] theough 4, n‘ummrms{]ﬂ mgfm’ per
day) on days 1 through 5, and idarubacin (12 mgfm? per day) on day.
Ineermediaie- and high-risk pamrus received AT‘RA {45 mgim” per day
given during 15 days) barssd with reinfy Jlidation ekemo-
therapy (darabicin 7 mpim? per day during the first course and idarubicin
for 2 comeculive days mstead of one in the third course). Maintenance
therapy consisied of G-mercaplopurine (50 mgimn® per day), methoirexate
(15 mpn” per week), and interminient ATRA (45 mpim’ per day) for 15 days
every 3 months. Manlerancs theragy was continued for 2 years (Figuse 115
APL 2000 trial. Patients 60 vears or younger with WBC count less
than 10 = 1091 were randomized w0 recedve the reference ATRA plus CT
treatmest of the previews APL U3 wrial (32, ATRA 45 mgim® per day until
hesmatologic CR and chesmotherapy with dsunorubicin (DNR) 60 mgim® per
day during 3 days and AraC 200 mp/m? per day during 7 days) or the same
treatment but without Aral [ AraC-pegative group). Afler CR achievement,
Hdatd mted of 2 intensive chemotherapy courses with
m&ﬁﬂmghuipuday for days 1 o 3 and AraC 200 mg'm? per day for
davs 1 10 7 and dasnorsbacin 45 mgfm® per day for days 1 10 3 and AraC
1 gien® per 12 hours for days 110 4 in the AraC-positive arm, which were
stmilar but without AraC in the AraC-negative arm.™
Patbents 6 years or younger with a WBC count of 10 % 1091 or more
received the same reatment &5 those 60 vears or younger with WBC count
Jess than 10 % I0FL incladed in AraC-positive group, but with increased
dose of AraC (2 ginr per 12 bours during 5 days in patienis younger than
50 years, and 1.5 gfem® per 12 howrs during 5 days in patients sged 50 1o
60 years) with central nervous system (CNS) prophylaxis (consisting of
5 intrathecal imjections of MTX 15 mg, AraC 50 mg, ard deposmedral).
Patients obder than 60 years with WBC count less than 10 % 1081
recedved the same trealment as patients 60 years or younger with WBC
count bess than 10 x 10%L included in the AraC-negaiive group (ie,
ATRA 45 mgim® per day wntil hematologic CR and chemotherapy with
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daunorubicin 60 mgim® per day during 3 days) followed by consolida-
ton reatment constating of 2 intensive chemotherapy courses with DNR
&0 mp/m? per day for days 1 1o 3 and daunorsbicin 45 me/m? per day for
days 1 1o 3. Patbents older than &0 years with indtial WBC count of
10 ¥ 10%L or more received the same treatment as patients 60 years or
younger with WBC count less than 100 1090 ineluded in the
ArsC-positive group (e, ATRA 45 mg/m® per day until bemstologic CR
and chemotherapy with daunorubicin 60 mg/m® per day dusing 3 days
and AraC 200 mgfm® per day during 7 days) followed by consolidation
ireatment with 2 intensive chemotherapy courses with DNR 60 mg/m?
per day for days 1 10 3 and AraC 200 mg/m® per day for days 1 10 7 and
daunorubicin 45 mgfm® per day for days 1 10 3 and AraC 1 gim” per
12 howrs for days 1 1o 4.1
For all pathents, maintenances was e same a5 in LPA 99 iral.

Eligibility criteria for the joint study

Ajoint analysis of the 2 stodies was made. It incledied all patieats from LPA
99 younger than 65 years, and patients fram APL 2000 132l younger than
65 years who were randomized or assigned o treatment arms with AssC.

Study end points

Event-free survival (EFS), cumulative incidence of relapse (CIR), and
overall sarvival (05) wers defined as the study end poists. Complete
remission (CR) and relapse were defined according to Inbernstional
Working Group eriteria)® Early death was defined as death occurring
during mduction therapy or during the period of aplasia that Followed
chemotherspy. Tolal deaths included deaths frespective of thelr cause
{early deaths, deaths after relapse, deaths 10 CR).

Statistical analysis

Statistical analyss wias performed al the reference date of Jamary 1, 2007
{in 410 patients included in LPA 99 before August 2004, and 178 patbents
included in APL 2000 before February 2004) dealing with the main end
point and overall survival.

In APL 2000 trial, reatrment was stratifisd on indttal WHC count
{muore or less than 10 % 10%L) and age, whereas in PETHEMA LPA 99
irial, it was siratifbed according to Sane score, where indtial WBC count
{10 = 10%L) discriminated kigh-rsk patients and low- and intermediate-
risk patients. For this reason, joint analysis of the 2 trials was performed
sccording o initial WBC count, separating low- and intermediate-risk
patieats (with WBC count < 100 10%0L), on the ope hand, from
high-risk patients (with WBC count = 10 % 10P/L) on the other hand.

Baseline characteristics and CR rates in the 2 groups wene companad by
nonparameiric esis (exact Fisher test for gualitative variables, Knskal-
Wiallis test for quantitative variables). Censored (EFS, DFS, O8)".7 ead
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Table 1. Pretreatment characteristics and outcome of APL patlents included in the joint analysls

Characteristics LPA& 53 trial, N = 410 APL 2000 trial, N = 178 P Adjusted £~
Age, y. median (01-03) AT (2a-a0) 43 (25-81) 18 —
Age younger han 60 y, na, (%) ITB R TET {538] ) —
Male sew, ro. (%) 200 (20.5) B {d4.9) 42 =
WEC count, 1070, madian (21-03) 25 {1.2-10.5) T4 [15-27.5) == 00 =
Platedet court, 1091, medan (01-0) 221338 22 {15-58) <001 =
Fitrinogen level, gL, madian (01-03) 15{i023 15(10-24) a7 —
Sanz score, no. (%)

Lo Tkl TI(17.6) 43 {24.2} =0 —

Intermexdiate risk 233 (56.5) 53 {25.8) - -

High rsk 104 (25.4) B2 {46.0} - -
Complets remission, no. (%) am (g 173 {57.2) 53 na
Deaths in CR, na. (%) B3 (1.3 BNTA(25) s B
Aalapses, no. [3-y Cumulalive incidance, %) F3I361 (T.4) 18173 (120} =2 fex]
Total events, ro. (35 EFS, %) BE (45.3) 25 (BE) &7 Ry
Total deaths, no. (3-y 05, %) 43 (90.5) i1 {887} 14 oas

— inclicales nod appicabla,
*Aciusted lor age. sex, WBC count, and platedsl count

poisits wene estimated by the nonparametric Kaplan-Meier method, then
compared between randomized groups by the log-rank test, after checking
for propoetional bazards over time. Cox models allowed estimating hazard
ratio (HR) of event with 95% coafidence intervals (95% Cls) "™

In estimating relapses, we look inlo scoount for competing risks deaths
in first CR using ibe cumulative incidesce curves, then compared by the
Ciray test, while the Fine and Gray mode] was used o estimste subdistribu-
thon HE (SHR).'

Crude estimates were computsd. Estimations were fnally adjusted for
polential prediciors including age, sex, platelet counl, and WBC count
Such adjustments were performed on the basis of multivarale regression
models, which differed acconding 10 the end paint: Logistic model for CR
rates, Cox model for cersored end points, and Fine and Gray mode] for the
cumubstive incidence of relapse.

Type | eror was fxed a1 the 3% level. All tests were 2 tailed. Stanistical
snalysis was performed using SAS vesston 9.1 software (SAS, Cary, NC)
and R (B Fousdathon for Statistical Computing, Vienna, Ausisia) softwane
packapes.

Results
Initial patient characteristics and overall treatment results

In LPA 99 trial, 410 consecutive patients younger than 63 with newly
dizgnosed APL from 74 institutions from Spain, Argenting, the Nether-
lands, and Czech Republic were megistered between September 1999
and August 2004, Median follow-up was 67 months.

In APL 2000 irial, between January 2000 and February 2004,
178 APL patients younger than 65 years from 63 centers from
France, Switzerland, and Belgivm, randomized or assigned to
receive AralC, were selected for the present joint study. Median
follow-up was 62 months,

Main clinical and biclogic presenting features of patients
included in ecach trial are summarized in Teble 1. Significantly
higher WBC count (medien: 7.1 ¥ 100/Lvs 2.5 ¥ 10°L, P < 001},
higher platelet count {median: 32 % 1W0FLvs 22 % 1091, P << .001),
and oclder age (median: 43 vs 37 years, P = .016) were observed in
APL 2000 trial compared with LPA 99 trial, while no significant
difference was seen for other pretreatment factors.

The distribution of patients in the 3 risk groups (according to
Sanz score) was as follows: low-risk group, 24.2% versus 17.8%:;
intermediate risk group, 29.8% versus 56.8%; and high-risk group,
46% versus 254% (P < .001) in APL 2000 and LPA %9 trials,
respectively. The imbalance between the 2 trials resulted from the

106

fact that we restricted, in APL 2000 trizl, the joint analysis to
patients who received AraC, excluding low-risk patients who
were randomized vears with WBC or assigned to receive
induction treatment without AraC. For those reasons, compari-
sons between the 2 studies were adjusted for age, sex, and WBC
and platelet counts.

Overall, in LPA 99 trial, CR was obtained in 381 (%2.9%) of
410 patients, while 28 (6.8%) patients had early death and 1
{(.2%) had resistant leukemia. The cumulative incidence of
relapse (CIR) at 2 and 3 years was 5.5% and 7.4%, respectively,
and 5 patients (1.3%) died in CR.

In APL 2000 trial, CR was obtained in 173 (97.2%) of
178 patients, while 5 (2.8%) patients had carly death and no patient
had resistant leukemia. The comulative incidence of relapse at
2 and 3 years was 4.5% and 12.0%, respectively, and 5 (2.9%)
patients died in CR.

Comparisons in the different risk groups

Low- and intermediate-risk groups. Main presenting features of
the 402 low- and intermediate-risk patients (306 treated in LPA %9
trial, %6 treated in APL 2000 trial) are summarized in Table 2.

The CR rates were 99% in APL 2000 trial versus 96.1% in
LPA 99 trial (P = .32). Nine patients relapsed in APL 2000 trial
compared with 16 in LPA 99 trial. No extramedullary relapse
was seen in APL 2000 trial but 2 in LPA 99 trial (both involving
the CN35), both in the intermediate-risk group (after 24 and
6 months). The 3-year CIR and rate of death in CR. were 14.3%
versus 4.2% (F = .03) and 2.1% versus 1.4% (P = .38) in APL
2000 and LPA 99 trials, respectively. The 3-year EFS and overall
survival were E9.4% versus 91.4% (P = 16) and 95.6% versus
QIE% (P = 53) in APL 2000 and LPA 99 trials, respectively
(Figure 2).

Median duration of hospital stay was 72 days compared with
50 days in APL 2000 and LPA 9% trials, respectively (P < 001).

High-risk group. Their presenting characteristics (82 treated
in APL 2000 trial, 104 treated in LPA 99 trial) are summarized in
Table 3. The CR rate was 95.1% in APL 2000 trial and 83.6% in
LPA 99 trial (P = .018). There were 4 induction deaths (4.9%) in
APL 2000 trial (3 from sepsis and 1 from bleeding) and 17 (16.4%)
in LPA 99 trial (12 from bleeding, 3 from differentiation syndrome,
and 2 from infection). Seven patients relapsed in APL 2000 trial
compared with 17 in LPA 99 trial. Two relapses involved the CNS
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Table 2. Pretreatment characteristics and outcome of the patlents (low- and intermediate-risk groups) Included in the joint analysls
Characteristics LPA 89 trial, N = 306 APL 2000 trial, N = 96 P Adjusted P~
Aga, y, median (C1-08) a9 (2750} 43 [32-81.5) A5 —
Age younger Than B0y, ro, (35) 281 (91.8) 4 (578 036 —
Male sex r. (%) 140 (0.4 41 (427 a8 —
WEC count, 1071, madian (21-03) 1.6(1.0:3.3 18 (1.0-3.8) 73 —
Plateler courn, 10%L, median (01-03) 23 (13-40) 35 (20-53) <001 -
Finrincgen leved, oL, magian (21-03) 1.6{1.1-2.5) 1801127 58 —
‘Hanz score, nao. (%)

Low rigk T3 2.0 43 (448, =0 =

Intermaeciale rigk 233 (1B B3 (BRI - -
Compiata marmigmion, no. (%) 204 (98.1) 955900 a2 28
Deathe in CH, na. (%) 4284 (1.4) 288 [2.1) 3a &7
Aplapses, no. (3 cumulative incidence, %) 18284 (4.3 8 [14.3) & 008
Tiotal gvants, no, (35 EFS, %) @A) 12 (B9.4) 18 12
Total deaths, na. (3y OS, %) 20 (33.8) 4 (55.6) 53 5

— indicates not apoiicable,
*Adusted for age, sex, WBC, and platelet count.

in LPA 99 (at 13 and 30 months from CR) and none in APL 2000.
The 3-year CIR and rate of deaths in CR were 9.95% versus 18.5%
(P =.12) and 3.8% versus 1.1% (P = .24) in APL 2000 and LPA
99 trials, respectively. The 3-year EFS and overall survival were
B2.2% versus 673% (P = .023) and 91.5% versus BOUBR (P = 026)
in APL 2000 and LPA 99 trials, respectively (Figure 3. Median
duration of hospital stay was 71 days in APL 2000 compared with
50 days in LPA 99 trial (P << .001).

Discussion

The 2 trials (LPA 99 and APL 2000} analyzed together here
shared many similarities including frontline treatment with

ATRA and anthracycline-based chemotherzpy followed by
anthracycline-based consolidation treatment and & maintenance
treatment combining intermittent ATRA end continuous
f-mercaptopurine and methotrexate, which are now widely
considered as references in the treatment of APL. Differences
between the trials were mainly the type of anthracycline used
and the addition {or not) of AraC to anthracycline {Figure 1).5.14

The joint analysis we performed suggests that, in pa-
tients with WBC count less than 10 x 1091, the PETHEMA
approach yields even fewer relapses than a classical ATRA plus
DNR plus AraC regimen, while being less myelosuppressive, and
therefore leading to significantly shorter hospitzl stays and less
maortality in CR. The lower rate of relapse seen in PETHEMA
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Table 3. Pretreatment characteristics and outcome of the patients (high-risk group) Included in the joint analyslas

Characteristics LIPA 85 brial, N = 104 APL 2000 trial, M = &2 e Adjusted P~
Age, . madian (2103 34 (21.5-42.8) &1 (2781} naT -
Age vounges Tham B0 ¥, na., (%) a7 (83.3) 73 (80.0) A3 —
Male sz, e, (%) 52 (50.0) a6 (47.8) a7 -
WEBC, 10, madian (01-03) 273154541} 30.1 {14.3-58.5) By —
Platelets, 10°L, median (01-03) 16 (12-34.8) 27 (16-54) e -
Fiinogan keved, o, madian (O1-03) 1.2 {0.7-1.8) 1.25 [0u8-1.8) 27 —
CR, na. %} 07 (836 TH (95.1) 018 oo
Diaathes in TR, ne, (%) 187 (1.1} A78 (3.8) 24 2
Relapsos, no. (3y cumulative incidence, %) 17T (16.5) TITH (9.8) A2 A8
Total evants, no. (3¢ EFS, %) 35 (87.3) 14 (B2.3) 0z3 i
Total deaths, na. [y 08, %) 23 (80.8) 7 (91.5) 026 -]

— indlizates not apoicabla,
*Acfusiad Tor age. sax, white ood oall count. and planaie codm

regimen may result from several factors. One reason may be the
anthracycline used (idarubicin and mitoxantrone instead of DNR).
The superiority of idarubicin over deunorubicin has been suggested
in several randomized AML trizls, although the cumulative dose of
daunorubicin may have been lower than that of idarubicin in some
of those studies. ™ In addition, those studics did not specifically
address APL. 2> A higher anthracycline cumulative dose may also
have contributed to the superiority of the PETHEMA approach in
patients with low WBC count. Indeed, the PETHEMA group used
cumulative doses of idarubicin and mitoxantrone of 80 {100 for
intermediate-risk patients) and 50 mg'm?, respectively. Using a 1-
to 5-dose equivalence between idarubicin (or mitoxentrone) and
daunorubicin (although there is no clear consensus on this poing™
the cumulative anthrecyclineg dose used in the LPA 99 mial would
correspond to 130% to 150% of that used in APL 2000 (495 mg/m®

of DNR). Interestingly, before the ATRA era, the Italian GIMEMA
group randomized idarubicin alone versus idarubicin plus AraC in
the treatment of newly diagnosed APL > The cumulative dose of
anthracycline was higher in patients treated with idarubicin alone
(60 mg/m?) than in those treated with idarbicin-AraC (48 mg/m?).
The B-year event-free survival rate was significantly better for the
paticnts treated with idarubicin alone (35% vs 23%) suggesting not
only that cytarabine could be avoided in the treatment of APL when
high cumulative doses of an anthracycling are used, but also a
dose-effect relationship with anthracycline in APL. Other retrospec-
tive analyses published befors the ATRA era also suggested a
bencfit for high-dose anthracveline in APL. ™ Of note, no cardiac
toxicity was observed in APL 2000) and LPA 99 trials. Long-term
toxicity of high cumulative anthracycline doses is difficult to
estimate after a median follow-up of only 5 years, but longer

clal A
Feoligrun PG byl
16 = 18
o8 " PETHEMA LPAGS il T ——
== APLI000 irisl
y o8
[.1]
- 08 =
L Pei2 o
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Figure 3. Outcome of the patients {(high-risk group)
included in the joint analysis. (4] Cumuiatve inocencs
af relapse. (5] Overall survival. {C) Everil-free sursival.
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experience of the Spanish PETHEMA group over the past 12 years
with high cumulative doses of idarubicin in APL has so far revealed
no long-term cardiac toxicity (M.A.S, oral communication, 2006).

Finally, the difference between APL 2000 end LPA 99 trigls could
have been due to the addition of ATRA during consolidation courses in
the LPA 99 trial in inkermediate-risk patients, which may have contrib-
uted to a lower relapse risk in this group, although such benefit would, of
course, have to be confirmed in 8 rendomized trial

The better results obtained in LPA 99 tial in low- and
intermediate-risk patients sugpgest that, at least with high doses
of idarubicin during induction and consclidation, and possibly
with eddition of ATRA during consolidation courses, AraC is not
required for the treatment of low- and intermediate-risk APL.
Furthermore, avoiding AraC reduced myelosuppression in LPA
99 trial, leading to a mortality in CR of 1% compared with 3% in
APL 2000,

In patients with high WBC counts, by contrast, APL 2000
results yielded better 2-year EFS (87.7% vs 69.2%) and survival
(91.5% vs 81.7%) and a trend for fewer relapses, suggesting a
beneficial role for AraC in this subset of patients, possibly at high
dose. Indeed, in APL 2000 trial, higher doses of AraC were used in
the last consolidation course (2 gfm® per 12 hours during 5 days). A
significantly higher CR rate (95.1% vs 83.6%) was also obtained in
APL 2000 trial, suggesting that AraC during induction might play a
role in APL patients with high initial WBC count.

The Italian GIMEMA group compared results of 2 successive
treatment regimens in patients who had achieved CR with ATRA
and idarubicin, one with high-dose AraC (and also etoposide and
&-thicguanine) during consolidation courses (AIDA-2000) and
one with idarubicin alone (AIDA 04-93 trial). Although the
incidence of relapse was similar between the 2 trials for low and
intermediate risk, a significantly higher incidence of relapse was
observed in the AIDA-0493 versus AIDA-2000 study in high-
risk patients {(29% vs 2%, also suggesting a role for AraC in this
group of patients. A prospective German study evaluating the
role of an intensified double induction (6-thioguanine, Ara C,
DXRMigh-dose AraC, mitoxantrone [ TADVHAM]) regimen with
ArC at conventional dose followed by high-dose (3 gfm® per
12 hours during 3 days) and maintenance therapy found a CR
rate of 92% and a 2-year overall survival and relapse-free
survival of 88% and 96%, respectively.” A higher initial
leukocyte count was not identified as a risk factor for relapse,
contrary to previous studies of that group with conventional
dose AraC, suggesting a high antileukemic effectiveness of
high-dose AraC in high-risk patients. In our study, we found
only a favorable trend for a lower CIR in the APL 2000 study
(P =_15).
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In conclusion, this study suggests that ATRA combined with a
high cumulative dose of idarubicin without AreC but with meimte-
nance treatment, like the PETHEMA approach, may give excellent
mesults with limited toxicity in low- or intermediate-risk APL (ie,
with WBC count < 10 X 10%L). Those results will have to be
confirmed in randomized trials. We are currently randomizing, in
our ongoing APL 2006 trial (conducted in France, Belgium, and
Switzerland) in low- and intermediate-risk APL, consolidation
treatment between idambicin plus AraC and idarubicin plus ATRA
{and also idarubicin + arsenic trioxide).

On the other hand, present data suggest that the addition of
AraC to ATRA and anthracyclines in high-risk patients may result
in a trend toward lower incidence of relapse, and to better survival.
Preliminary results supgest that arsenic derivatives may also be
useful in the consolidation treatment of APL with high WBC
counts, in combination or perhaps instead of AraC."* We are also
testing, in APL 2006 trial, the role of arsenic derivatives in patients
with high WBC counts.
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cytopenia and hospital stay were sig-
nificantly reduced without sacrificing
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Introduction

A risk-adapted strategy designed by the cooperative gproup Pro-
grama Espefiol de Tratamientos en Hematologia (PETHEMA),
which was based on the combination of all-frans retinoic acid
{ATRA) and anthracycline monochemotherzpy for induction and
consolidation (PETHEMA LPA99 trial). has previously demon-
strated 2 high antileukemic efficacy and high profocol compliance
coupled with moderate toxicity in patients with acute promyelo-
cytic lenkemia (APL).'?

A mew trial (LPA2005 trial) to improve the outcome of this
strategy was designed with the primary objective of decreasing the
relapse rate in high-risk patients (ie, presenting white blood cell
[WBC] counts > 10 x 10%L) younger than &0 years of age. To
accomplish this objective, cytarabine was edded to the combination
of ATRA and idarubicin in consolidation therapy. In addition, the
protocol intended to reduce toxicity during consolidation therapy in
low- and intermediate-risk patients (ie, presenting WBC counts
<2 10 % 10°L) by a dose reduction of mitoxantrone. Although the
potential benefit of the addition of cytarsbine has been suggested in
previous studies,” the specific use of this agent for high-risk
patients was mainly supported by a joint study of the PETHEMA
and the European APL groups® and a study of the Gruppo Italiano
Malattic Ematologiche dell” Adulto (GIMEMA).* The authors of
bath studies have suggested a bepefit in terms of reduction of
relapse risk with the use of cytarabine in consolidation in patients
with high-risk disease. We report here the results obtzined in
402 consecutive patients with newly disgnosed APL who were
enrolled in the LPA 2005 trial. The outcome was compared with
that achieved in 561 patients treated with the previous LPASY trial.

Methods

Eligibility

Pathents ensolled in the consecutive PETHEMA LPASY and LPAJOOS wrials
were regudred 1o have a diagrosis af de sove APL with demonstration of the
U 15:17) or PMLRARA resrranpements, normal hepatie and renal function,
no candiac conlraindications vo anthracychine chemotberapy, and an Eaclem
Cooperstive Oncology Group (BOOG) performance status of bess than 4.
Informed consent was obtained from all padesis. According 1o ithe
Declaration of Helsinki, the protocol was approved by the Ressanch Etbics
Board of each partcipating hospital. The sl 1 registersd al higpa
www. Clinical Trale pov (NCTODMOR2TE).

Induction therapy

Induction therapy comsisted of aral ATRA (45 mgim™/d) divided ino 2 daily
dimes, which was maintained unti] complete hematologie remssion and
idarubiein (12 mpfm®id) given as an intravenous bolus on days 2, 4, 6, and
& (ATRA ard ddsrublein [AIDA) 1, exeepl for ¢ elder thas
70 years of ape who received only the 3 first doses of dasubicin. For
patients M) years of age or younger, the ATRA was adjusted 10 25 mgfm?id.
Induction therapy was kentical for both LPAX00S and LPAS9 trials.

Postremission therapy

Following a rask-adapied straepy, patients who achieved complete remms-
sion (CR) received 3 mombly comsolidstion courses with ATRA and
anthracycline-based chemotherapy. Figare | summarizes the ATRA and
chemotherapy dose and sehedule of consolidation therapy in both LPA 2005
and LPAYY rials. In beief, companed with the LPASY wral thal has been
described elsewhene,” the changes implemented in the LPA200S were the
following: (1) For low-risk patents, ATRA was combined wo chemotherapy
1n the 3 consolidation cowrses; in addition, mitoxantrone was reduced from

113

BLOOD, 24 JUME 2010 - VOLUME 115, NUMBER 25

510 3 days in the second course ol consolidsizon. (2) For mtermediste-risk
patients, mitoxantrone was also reduced from 5 w 3 days in the second
course of consolidation. (3) For lph-risk patents, cylarabine was added
together with & slight redweton of idarubicin in the firs and thind
consolidation course. High-risk pathents older than 60 years did not receive
cylarabine and were trealed as diste-risk Mai
iherapy was identical n both PETHEMA LPAY9 and LPARDDS iriaks s was
diseribed cliswhere.!

Supportive measures

Plaehet ransfusions, fresh-frozen plsena, and cryoprecipitate for the
manspesent of coagabopathy in the LPA9 and LPADOS triaks were given
s previously described.” In the LPAS trial, ranexamic acid prohylaxis
was nol uwsed. The managesnent of diferenization syndrome (DS) also was
similar in both trals,’ except for prophylaxis. In the LPAYY 1rial, DS
prophylaxis with predaisone (0.5 mpke'd orally for 15 days) was given 1o
all patbents, whereas in the LPAX0S irisl, only pathents with WBC coumt
grester than 5 ¥ 10%L a1 presentation of achieved durng the 2 firsst weeks
of ATRA therapy received dexamethasone (2.5 mgin’/12 hovrs intrave-
nously for 15 days).

Definitions and study end points
Remission induction nesg Wi d scoording o the recently
revised crileria by Cheson el al® For morphalogie of leukesnd

resastance, il was required that sulficient tme had passed 1o allow for full
termdnal differentiation of the malignant promyelocyles (up w 40-50 days).
Molecular remission was defined as the disappearsnce on an ethidium
brombde gel of the PMLAARA-specilie band visualized ar dispoosis with
e use of reverse-lranseription polymerase chain reaction (RT-PUR) assays
with & semsitivity level of one leukesmic cell in 1070 eells. Mobscular
persisience wias defined s PCR positivity 1n 2 consscutive bone marmow
samples collectad &t the end of consolidation therapy. Molecular relapse
was defined a5 previously reponed’ Diagnosis of the DS was made
sccording wo the presence of the following signs or symgploms described by
Frankel et al*: unexplained fever, dyspnea, plewral andior pericasdisl
effusion, pulmonsry infiltrates, renal fathere, hypotension, snd wnexplatned
weight gain greater than S kg No single sipn or symplom was considensd
sulficient 1o make a dagnosis of the syndrome. Patiests with allernative
explanations for the chmical complex, such as pul v rh
seplic shock, poeumonia, or candise fadlare, mmmsﬁmﬂmulme
D5, As defined elewherne," patients with 4 or more of the aforementioned
sipns of sympiloms were classified as having severe DS, wheress those with
2 or 3 signs or symploms were considered 10 have modersie DS,
Relapse-risk groups were defined as reponed elsewhere’ as follows:
low-risk patients had a WBC counl beis than 10 X 10%L and a plaseks
count more than 40 3 10°/L; intermediste-risk patients had a WBC courst
less than 10 % 10%L and a plaelet coust less than 40 10%L: and
high-risk patients had a WBC coust equsl Lo or maore than 10 % 10%1.
Hemaiologic oxicity was graded acconding 1o the Natonal Cancer Institule
Common Toxicity Crileria, version 2.

Statistical analysis

The %7 lesl, with Yales corection il necessary, was used 1o analyze
differences in the disisibution of estegorical vasiables between patient
snheLLTbensuandMum—WhmeyUmm@uﬂmd:ﬁm
in the dassribution of P and i variahl

respectively. Resulls were analyzed on animtu:'m—m—mbuh Unaxd-
Justied thme-to-event analyses were performed by wse of the Kaplan-Meier
estimaie’! and, fior comparisons, log-rank teses."? The probability of relapse
was also estimated by the cumulstive incidence method (for margins]
probabiliy). ' Overall sarvival (05) was caleulated from the stan dste of
imduction therapy, wheress cumulative incidence of relapse (CIR) and
disesse-free survival (DFS) wene caleulsied from the date of CR. In the
analysis of DFS, relapse, development of secondary myelodysplastc
syndrome or scute leukemia, and desth in CR were considered uncensonad
events, whichever occurred first. For cumulstive incidence analysis, death
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Figure 1. Treatmen? schedule of the LPASS and
LPAZO0S trials, Ara-C inialns cytarabing; I, karus- | Consolidation Therapy |
cin; and MTZ, miloxanirons, High-risk paients older than
50 years did not rective cytarabine and were yeated as | Course #1 | Course 2 " Course #3 |
intermediate-nisk patians. 108 & mphrriid s 4 | | MTE WO mpmid z & | | 10A 12 mglmida 1 |
E 1DA 8 mghrihda 4 MTZ 10 mgimid = 3 104 12 gl 1
| LPAIS0S | s gt 15 || ATRA4Smamit a8 | | ATRA4S mgri s 18 =
z =
_E g
£
1D T mpgiriid x 4 MTZ WOmpmidz 04 12 mgimida 2 o
,_g TN P ephsibo || ATRA &5 mghmd & 13 ||m4-¢pﬂurw | e
= & o g8
E_ — 108 T mgierriid = 4 MTE 0 mpimid z 3 104 17 mgimidx 2
E = LPAZROS | arms 48 mpimiid x 18 ATHA 48 migimd x 18 ATRA 48 reghmiid x 18 E o
3 , 3
1A 7 mgleix 4 NTZ 40 mpiid x § A 13 regimix 2 =
Juraas | aTRA a5 mgimts s || ATRA &5 gt x 15 ||m4-¢-ﬂurw |
E 1DA& 8 mgimiid = 4 ML 10 mgiretisd = & 10412 mghmiid s 1
LPAZEDS | fea 1000 mghsrid z 4 ATHA 45 mgireiid 2 18 Arml 18D mglriEh x &

in CR and development of seeondary myelodysplasic syndrome or acule
leukermda were comidensd as a competing cause of fatlure. For all estimates
in which the event “relapse™ was considered as an end point, bematologic
and mobscular relapse, & well as molecular persistence al the end of
consolidation. were each considered as uncensored events. Patient
follow-up was updated on October 15, 3009, Al P values reporied &re
2-sided. Multivarzate analyses were perfarmed by use of the Cox model for
DFS and 085, and Fine and Gray model for CIR."® Computstions wiene
performed by wse of the 3D, 4E 1L, and 2L programs from the BMDP
statistical library (BMDP Siaistesl Software), amd B 292 software
packape for CIR and Fine and Gray model.

Results
Accrual and patient characteristics

Between July 2005 and April 2009, 437 consecutive patients with
genetic dingnosis of APL were registered from 81 institutions from
Spain, Poland, the Netherlands, Argentina, Uruguay, and the Czech
Republic (see the supplemental Appendix, availeble on the Blood
Web site; see the Supplemental Materials link at the top of the
online article). A total of 33 patients (7.6%) were considered not
eligible for the treatment because of severe clinical condition
contraindicating the administration of chemotherapy. Thus,
404 patients met the previously defined entry criteria and werns
enrolled in the LPA2005 trial. Two additional patients were not
evaluated because of protocol violations during induction therapy
(addition of cytarahine in one patient and use of dauncrubicin
instead of idarubicin in another). The main clinical and biclogic
characteristics of the 402 patients evalushle for induction are
shown in Table 1. For comparison, data of 561 patients treated with
the previously reported LPA9Y trial” also are included in Table 1.
Information on enrollment, eligible patients, lost at follow-up, and
exclusion from analysis is shown in a flow disgram (Figure 2).
Patients in both trials were comparable for all baseline characteris-
tics except for age and ECOG performance status. The proportion
of patients younger than 18 years in the LPA2(05 was lower than in
the LPAYY trial (P = .01), whereas the proportion of those with
ECOG O to | was greater (P = (12}

Induction therapy

Response and induction mortality.  Three hundred seventy-two of
the 402 evaluzble patients achieved morphologic CR (92.5%; 95%
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ATRA 45 mpimrid 2 15

ATRA 45 mghmiid » 15

confidence interval 90L.6%-94.4%). The median time interval to CR
was 39 days (range, 18-8] days). The median time to reach
neutrophil counts greater than 1 % 1091, and platelet counts
greater than 50 % 10%L was 24 days (range, 6-72days) and
19 days (ramge, 4-B0days), respectively. All the 30 induction
failures were the result of death during induction.

Hemorrhage and infection accounted for most of the deaths
during induction therapy (15 and 6 patients, respectively). Dieaths
caused by hemorrhapge were caused by intracranial (12 patients,
B0%), pulmonary (2 patients, 13%), and pastrointestinal hemor-
rhages (1 patient, 7%). DS and acute myocandial infarction were
contributing causes of death in 4 and 2 patients, respectively. The
remeining 3 deaths were attributable to massive suprahepatic
thrombaosis, myocarditis, and cardiac failure in 1 patient each. The
response rates and causes of induction death were quite similar in
both the LPA2005 and LPAY) studies (Table 2).

Paticnts with WBC counts greater than 10 and 50 % 10° L had a
poorer response rate (B3% and 73%, respectively) compared with
those with low- and intermediate-risk patients (99% and 96%,
respectively; P < J001). Patients older than &0 years had also a
lower CR rate (88%) then younger patients (93%), but this
difference was not statistically significant (P = .15},

Differentiation syndrome. One hundred six of the 372 patients
(28.5%) who were evaluable for this complication developed DS.
Severe DS was diagnosed in 45 patients (12.1%), 4 of whom died
from it, whereas moderate DS was reported in 61 (16.3%; Table Z).
In 9% additionzl patients (2.5%) with possible DS, an unambiguous
diagnosis of DS could not be made. This was attributable 1o the
presence of concurrent medical problems that could explain the
clinical manifestations. These problems were pulmonary hemor-
rhage in 5 patients, pncumonia in 2, renel failure in 1, and septic
shock in another. ATRA was temporarily discontinued inm
TE patients (74%) with D5. Diurctics and intravenous dexametha-
sone were administered in 95 patients (90'% ) and B8 patients (83%),
respectively, whereas mechanical ventilation and dialysis was
needed in B patients (E%) and 3 patients (3% ), respectively.

Consolidation therapy

Tolerability and treatment feasibility. Three hundred sixty-eight
of the 372 patients who achieved CR proceeded to consolidation
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Table 1. Demagraphic and baseline characteristics of the study population according to PETHEMAHOVOM trial

LPAsg LPAZDOS

Charsctaristic Madian {range) N {5} Madian (range) N (%) L

Cveral 561 (100) &0z (1003

Age, ¥ 40 (2-83) &2 (353
‘Yourger than 18 B8 (12 24 ) -
18-40 22380 168 (42}
4160 171 (a0 158 (27}
a1-70 BB {12 =
Oidar than 70 34 (8) 22 (8}

San
Male 270 (aB) 2 a2y 2
Femala 201 (52) 183 (48}

ECCG 1 {0-3) 1(8-3)
a1 ATBTH 25T B8 aE
2 102 (200 4112y
3 38T 26 (|

[Fever
L] 3340500 238 (53) a3
Yas 220 (40) 137 (37

WEBC count, =10%L 2.2 (D.2-260) A.0(0.3-126)
Sof legs a3 En 248 (82) A3
5-10 A7 [y 36 (9)
10-50 100 {183 98 (22}
Moen than 80 a0 (T 22 (5)

Plaieiel count, x10%L 22 (1-207) 23 (1-235)
4007 less 432 (77) a8 T4y 24
Mosa than 40 128 (23) 104 (25}

[Relapse-risk group
Low 107 {19y Ba 21} A4
Intermeciate 313 (56 200 (50
High 140 (25) 18z

Hemaglobin, gidL 8.2 (3-16.9) B3(24-148)
100 lass 361 (85) 255 (83) T4
More than 10 166 (38} 147 (37}

Craatining, myidl 0.5 (0.2-2.4) 0.8 (03-3.1}
1.4 or less 5215 (80 355 (57} 8
Moes tham 1.4 132 12 (3

Uric acid, mgidL 35 (02S-127) &7 (1.0-10.8)
7 of lagg 245 (85) 227 (95} a3
Mooe than 7 24 (5} 15 [4)

Filsrinogen, mgidl, 158 (0982 170 (37777}
170 or less 280 (54) 1786 ) a7
Wore than 170 240 (86) 193 (52

Albumin, gfal 4001740 412080
4.5 o less 107 {24y 5 (20) 8
Moes than 3.5 335 (76 5T (e

Morphologic subtype
Hypaegranular 452 (82 2348 (80 A4
Microgranular 85 (18 T4 (2)

PRILIR AR isatorm
BCRUBCR2 300 (60 148 [85) 28
BCR3I 204 {800 17 [45)

BCA indcates broakpeint dusler ragion; ECOG, Eaglarn Coopserative Dnoology Group, PML, pramyakocytic leukemia; RAR, resncic asa recapier; and WEBC, white blood

call
"Poompares < 18 versus = 18 yoars oid
1P compares ECOG 0 ba 1 versus ECOG 2403,

therapy as scheduled. Three of the 4 exceptions who developed
severe cardiac toxicity during induction received a modified
consolidation treatment. It consisted of substituting idarubicin and
mitnxanirone for a hioegquivalent dose of liposomal daunorubicin in
1 paticnt and arsenic trioxide in another. The remaining patient with
cardiae towicity and one additional 73-year-old patient who had a
perianal abscess during induction proceeded directly to mainte-
nance therapy. Four additional patients died during consolidation
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therapy (3 high risk; 1 low risk), 3 as the result of infection, and 1 to
intracranial bleeding. Three further patients did not receive the
third course of consolidation because of toxicity in previous
courses. The remaining 361 patients (97%) completed the
3 consolidation courses as scheduled.

Hematologic foxicity. Details on hematologic toxicity and length
of in-hospital stay in each consolidation course are shown in Tehle 3
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Figure 2. Gonsclidated Standards of Beparting Trials
(CONSORT) dingram for the subsequent LPADS and
LPA200S PETHEMA trials.
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L r
er} rmmlingG ot mestng
i ] g S | e
(n=3) (r= 33
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b r
Lost o folow-up [n = B)
Follow-lp
Median B2 ma. Dissrtiraed imteranton
franga, 17-120) in = 8, induction or
lidalions bositty]

course of the LPAZ005 with reduced dose of mitoxantrone showed a
lower rate of prolonged (> 15 days) grade 3 to 4 neutropenia and grade
4 thrombocytopenia compared with the mesulis of the LPAY trial
(P < 001). This reduction of hematologic toxicities was essociated with
a significantly lower proportion of patients roguiring & hospital stay
longer than 10 days (P <2 001). Owverall, the mean length of in-hospital
stay during the 3 consolidation courses in low- and intermediste-risk
patients was also reduced (ie, 22 days in the LPAY and 17 days in the
LPAZ005 trial; P =2 (01} In contrast, high-risk paticnts recciving the
combination of ATRA, idarubicin and cytarsbine as part of the
reatment schedule had a greater mate of prolonged grade 3

Anakzed (n= 561}

Excluded from
analysis n = 0)

4 neutropenia and grade 4 thrombocytopenia during the first and third
consolidation courses of the LPA0S, compared with the LPASY trial
(P < .001). This increase of hematologic toxicities was associated with
a significantly greater proportion of patients requiring hospitalization
longer than 10 days (P << .001). The mean length of in-hospital stay
during the 3 consolidation courses in this sctiing was 26 days in the
LPA9% and 33 days in the LPA200S5 trial (P = 10}

Molecular response.  RT-PCR tests for PML/RARA at the end
of consolidation therapy were available in 320 patients (E95%:). No
patient showed evidence of molecular persistence, whereas
3 patients wene positive at this point in time in the LPA99 wmial

Table 2. Induction outcome and differantiation syndrome of APL patients in the PETHEMA LPASS and LPAZD0S trials

LPAgS LPA200S

Chanacteristic Madian {range} N (%) Median {rangs] M (%] F

Cworal s (100} 402 (100)

Marphalogic CR 511 (91.1) 372 (32.5) 4z
Daysio CR a7 {21-17) 33 [18-81) k)
Daysio PMN = 1 x 10°L 23 {0-60) 24 [6-72) 38
[Days 1o plaiiels > 50 x 1091 18 {0509 19 [4-80) o8

Cause of induetion death
Hemarrhage 28 (5.0) 1537} 44
Infactian 1221} 615 &2
[Differentiation syndrome 814} T A4
Oiihar 208 E 2

Difterentiation syndrome
Savers 5612} &5(12) a2
Moderate 56 [12) &1 (16)

Angant 429 [7a) 286 (72}

CH indicates complete naspanse; and PMM, polymorphonuciear lsukooytes.
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Table 3. S y of h i icity and hospitalization lated with consolidation therapy in the LPASS and LPAZDOS trials
Course 1 Course 2 Course 3
LPADG LPAICGS LPADG LPAZOINS LPASS LPAZONS
Toxicity M%) H (%) P M%) W) P H (%) N %) [
All patients, ne. evaluabie 472 s 47T 252 48 T8
courses
Drays wilh grade 3 11 [-528) 16 (0-52} 21 [o-51) 15(0-117) 18 (0-20) 15 [0-85)
theombacyIonania, madian
{rargo)
Epigodes > 15d, n (%) 205 (24) 159 (52) a2 352 (T5) 140 [43) < .00 257 {53) 158 (57} -]
Drays with grade 4 neutopenia, 17 [-63) 18 (0-54) 22 [0-68) 18 j0-7ay 20 (0-80) 18 {0-78)
median (range)
Episodes > 15 d, n (%) 256 (54) B2 (0] a2 A03 (84) 174 [51) < .00 280 {58) 165 50y 58
Drayys ol hoapitalzation, madian 4 [D-61) 4 (0-37} R 0 {0-38) Q(0-63) O{0-54)
frarige) g
Episodes > 10d, n (%) 110 24y 100 (32) az 216 (56) 75 (280 < 00 70 {16} 73 (2] %
Low-risk patients, no. -] GE ar ] a2 =]
avaluable couraes
Days with grade 34 opan o) apag  osn open  oisan
thenmbasyicpania, madian
(rarige)
Episodias > 15d, n (%) 12 (13} 16 {24) 08 a0 8y 2T (4 = 00 13 {16) 11 (17} ]
Drays with grade 4 newopenia, 03 31} 21 [0-42) 17 §0-35} 02-55) Dios2)
median (range)
Episodes > 15 d, n (%) 21 23y 21 {32) 18 TB (80) ar (54 < .Joon L] 12(19) B
Days of hospitalizatian, madian Q@ [0-30) 4 (0-38) 80116 G {0-38) 0 0-38) Q{17
(range}
Episodes = 104, n (%) 12013} 17§25 06 38 (30) 15(24) Eid 33 IS 5
Intermediate-risk patients, no. & 161 & 183 204 144
avaluable couraes
Drayys wilh grade 3-4 17 [0-52) 16 (0-52} 22 [0-51) 00117} 24 (0-6a) 20 [0-85)
thromibocytopania, median
{range)
Episodes = 18 d, n (%) 148 (55) B2 {B0) a4 212 (T8 53 [35) < .o TES B2 Ba (53) A5
Dratys wilh grade 4 neutopenia, 12 [0-63) 180-54} 22 [0-68) 17 {081} 23 (0-75) 18 [0-78)
Episooes > 15d, n (%) 1THER 96 (B0} A7 232 (86} B4 [5T) = .00 174 {E6) 22 (54 B8
Drays of hosphalzation, median & (-6 4 (034 10 [G-45) o {0-33) 0 063 O oG4y
{range)
Episodes = 10 d, n (%) Ta (28) 42 (28) 51 124 (&7} 32 (21) < .00 45 (18 34 (23) 28
High-sisk patiaris, Ne. 107 bl 108 o 103 =]
evaluable courses
Diays with grade 3-4 Q0-34) 18:10-33} 21 [0-64) 24 (0-102) 21 (0-50) 26 [0-56)
thrombooytopenia, median
{range)
Episodes = 18 d, n (%) &3 (41} B {B1) < 0t B0 (TT) B (TT) &7 B1 {51 &1 (8E) < oo
Days wilh grade 4 neuropeni, 19 [0-48) 20043} 24 [0-64) 2 {0-78) 20 (0-60) 22 (048
Episodes > 154, n (%) 63 (58} B5 {B4) < 00 3 (85) S0 A6 68 {66) &1 (&3] == 00
Drays of hosphalzation, median Q [o-ady 13 §0-a7) 11 (40 & (0-28) @ 060 11 {0-37)
{range)
Episodes > 10d, n (%) TH [23) 41 {52) < 00 53 (500 28 (&) a3 228 3 (&1) < oo
(P = 37). Among the 41 patients who were not tested for RT-PCR - Outcome

at the end of consolidation therapy, onc bone mamow relapse
occurred at 6 months.

Maintenance therapy

All of the 361 patients alive after completing consolidation therapy
proceeded to maintenance therapy. Cytopenias, especially neatrope-
niza, and slight liver function test abnormalities were commaonly
ohserved in this phase, often requiring dose reduction or temporary
discontinuation of chemotherapy. Mo death in remission was
reported during maintenance.
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Median follow-up of patients in the LPA99 and LPA2005 trials
were 82 months (range, 17-120 months) and 2ZE months (range,
2-5]1 months) from diagnosis, respectively. In addition to the 4
cases of death in CR, 2 patients developed colorectal adenocarci-
noma at 25 and 3] months from APL diagnosis. Deaths in
remission occurred in patients aged 23, 38, 45, and 52 years as the
result of infection (3 patients) and cercbral hemorrhage (1 patient)
belonging to high- and low-risk groups (3 and 1 patients, respec-
tively). Twenty-one relapses occurred among the 361 patients who
achieved CR (16 overt morphologic and 5 molecular relapses).
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Table 4. Postremission outcome of APL patients in the PETHEMA LPASS and LPA2005 trisls
Mo of patients. =} DFS o5
Charactaristic Ovarall CH, n (%) HALIy Baldy F Al 3y Tatay F Saldy Gatdy F
Overall =] BE3 22) B 11 Ba as a7 a5
Al patients
LPASS B &11 (91} ] 11 pe -] ur 44 e} a5 a3 o8
LPARDDS 4 T2 =) T kl a2 an ag ag
Low-risk
LPASD 07 03 (26} 4 4 k=] B0 ag 42 " as A4
LPAZOOS B4 83 (99) ] & 43 a3 a6 a6
Inbarmaciate-risk
LPASS a3 208 (94) & 7 = & ar 2 agy - 18
LPAZDIS ) 191 (35} B4 a2 a3 ol
High-risie
LPASD 140 3@} 26 FE o3 T3 ™ B L m a8 -
LPAZOOS 118 4 [(&3) 1 14 a2 az ™ T

CIR indicanes cumidative incigence of relsgee; R, complete responss, DFS, dsease-Inss survaal; and OS5, ovenll surdval

Three were extramedullary relapses. These relapses occurred in the
central nervous system at 17 and 20 months from diagnosis in
2 intermediate-risk patients and the skin at 6 months in 1 high-risk
patient with WBC count 55 % 10°/L at presentation.

Relapse rafe. For patients in the LPA2005 study, the 3-year
CIR. rate was 7%, whereas for patients in the LPAY study it was
9% (F = .39). For patients in the LPA2005 study, the CIR rates for
low- and intermediate-risk paticnts were 6% and 6%, respectively,
whereas in the LPAYY swudy, they were 4% and 5% (P = .58 and
P = .69, respectively; Table 4). Among high-risk patients, the
3-year CIR rate was significantly lower in those treated with the
LPAZ005 protocol compared with those treated with the LPASS
protocol (11% vs 26%, P = 03; Figure 3). Multivariate analysis
showed that the PETHEMA protocol was the sole independent risk
factor for relapse in this setting (P = 02).

DFS and 8. The 3-year DFS rates were 92% plus or minus
4% in the LPA2005 study and 87% plus or minus 3% in the LPAS9
study (F = A06; Figure 4). Multivariate analysis showed that lower
relapse-risk group (P < 001), female sex (P = .M4), end the
LPAZ2005 protocol (P = .(4) were favorable risk factors for DFS.
For patients in the LPA2005 and LPA99 study, the 3-year DFS rates
for low-risk (93% = 8% vs 9% = 6%, P = 49), intcrmediate-
risk (W% £ 4% vs 91% £ 3%, P = 21), and high-risk patients

10

Protabiiy of ralpse

(B2% = 10F% ws 73% = E%, P = .11) were not statistically differ-
ent (Table 4). The probability of remaining alive after 3 years was
B9% plus or minus 4% in the LPA2005 smudy and 85% plus or
minus 3% in the LPAS9 study (P = [08). In addition, for (5 there
were no significant differences between LPA2005 and LPAY9
among low-, intermediate-, and high-risk patients (Table 4).

Discussion

This study shows a significant improvement in the cutcome of APL.
patients treated with a souccessive risk-adapted PETHEMAJ
HOVON trial (LPA2005) on the basis of the combination of ATRA
with iderubicin for induction plus anthracycline-based chemo-
therapy for consolidation, followed by ATEA and low-dose metho-
trexate and mercaptopurine for maintenance therapy. A reduction in
the dose of mitoxantrone for low- and imtermediate-risk patients in
the LPA2005 trial led to a significant lower toxicity during the
second consolidation course without decreasing the high antileuke-
mic efficacy achieved in the previous LPAS9 trial. Furthermore, the
addition of cytarshine to the combination of ATRA and idarabicin
in consolidation for high-risk patients resulted in a significantdy

Hhomitsar & risk

Figure 3. Cumulative incidence of relapse in high- 7% i migh <)
risk patienis according to PETHEMA trial. LPAZ0E wial (high msk)
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Figure 4. DFS in the overall series according to
PETHEMA trial.
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greater antileukemic activity coupled with an increased but toler-
able toxicity. Owerall, compared with the previous LPAY, the
LPAZMS5 protocol resulted in an improvement of the outcome in
APL patients.

Following standard practice of the PETHEMA Group, the
LPA20MS5 trial was nonrandomized and designed to provide a
historical comparison with the previous LPAY9 trial with the
minimum possibility of bias. Given the sequential nature of the
studies, patients in the LPA200S5 series had a shorter follow-up
than those in the LPA99 study (median, 28 and 82 months,
respectively). Motwithstanding, the follow-up of patients in the
LPA2005 study falls within the range reported by the major
trials published to date. Participating institutions in all
PETHEMA trials registered all eligible and noncligible patients
with newly diagnosed APL and the eligibility criteria were
unchanged throughout the 2 subseguent studies. Regarding
therapy, only a single change was made in cach relapse risk
group to facilitate the interpretation of the potential impact on
outcome in comparable series of patients. In this respect, it
should be noted that the proportion of non eligible and
nonevaluable patients were similar in the LPAY9 and LPA200S5
trizl. Patients in both trials were comparable for all baseline
characteristics, except for the somewhat-greater proportion of
pediatric patients in the LPA99 trial and those with ECOG grade
(0 to ] in the LPA200)5. These findings could explain, at least in
part, the slightly lower induction failure rate, although not
statistically significant, observed in the LPA2005 trial. Induc-
tion results in the LPAZO05 study confirmed again & practical
absence of leukemia resistance, as well as a similar CR rate and
time interval to CR compared with previous trials of our group
using the same AIDA regimen.” Regarding the incidence of
moderate and severe DS in the LPA 2005 trial compared with the
LPAY9 trial, only a slight increase of the moderate form was
observed (16% vs 12%), but this difference was not statistically
significant. The changes made in the LPA2005, in which patients
with WBC count lower than 5 » 10°%/L within the 2 first weeks
of ATRA therapy did not received DS prophylaxis, might
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explain the small increase of moderate DS observed, but this is
speculative.

Similar to a previous comparison between the LPA99 and the
LPAS study,'” we demonstrate here again a stepwise significant
further improvement in outcome in the present LPA200S study, that
appears the consequence of selected modifications in consolidation
therapy. We had hypothesized that patients with APL with &
comparatively low risk of relapse, such as the low- and intermediate-
risk groups, might receive overtreatment. Therefore, a reduction in
the dose intensity of mitoxantrone in the second consolidation
course was implemented in the LPA2005 trial with the aim of
decreasing short- and long-term toxicities, without sacrificing the
antileukemic efficacy of the LPAY9 wrial. This objective was fully
achieved in terms of hematologic toxicities, relapse, and survival
rates. In patients treated with reduced dose of mitoxantrone, that is,
all patients older than &0 years and those younger with low and
intermediate relapse risk, which overall represents B6% of the
study population, prolonged grade 4 peutropenia, grade 3 to
4 thmombocytopenia, and hospitalization wene reported signifi-
cantly less frequently in the second course of the LPA200S trial
compared with the LPAS9. Besides this favorable outcome, the
dose reduction of mitoxantrone did not negatively impact on the
antileukemic efficacy as is apparent from the similar relapse rates,
DFS5, and OF rates in the LPAZ005 and the previous LPAY9 trials.

Concerning the role of cytarabine in APL, the study conducted
by the European APL group' in younger patients randomily
assigned to receive a state-of-the-art approach with daunorobicin
alone or daunomubicin plus cytarabine, the addition of this agent
resulted in a better outcome. However, the anthors cautiously
confined the interpretation of these results to the boundaries of the
type and the cumulative dose of anthracycline given in this study.
In the present LPA 2005 trial, the addition of cytarsbine to the
combination of ATRA and idarubicin in consolidation therapy for
the high-risk patients younger than & years was mainly conducted
to verify the outstanding but preliminary results reported by the
GIMEMA group with a similar approach_® The results of our study
also demonstraie improved antileukemic efficacy of the cytarabine
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enriched schedule in high-risk APL. Also a recently updated
analysis of the aforementioned GIMEMA study (Front-line treat-
ment of acute promyelocytic leukemia with AIDA induction
followed by risk-adapted consolidation: results of the AIDA-2000
trial of the Italian GIMEMA group, F. Lo-Coco, G. Avvisati, M.
Vignetti, et al, manuscript submitted) has meanwhile confirmed the
significant improvement of the therapeatic regimen supplemented
with cytarabine.

However, the different way in which the GIMEMA and
PETHEMA studies have substantinted this improvement de-
serves further discussion. It should be noted that the GIMEMA
study showed a dramatic reduction of relapse rate in high-risk
patients when, in the AIDA2000 trial, ATRA was added to the
classical cytarabine-containing chemotherapy consolidation given
in the AIDAD493 trial" In contrast, the PETHEMA study
demonstrated a similar favorable impact on relapse rate when, in
the LPA2005 trial, cytarabine was added to the consolidation
therapy administered in the LPAY9 trial, which was based on the
combination of ATRA and anthracyclinefanthragquinone mono-
chemotherapy. Taken together, these results allow us to specu-
late om a possible supra-additive effect of the combination of
ATRA plus cytarabine that might support the improvement
observed in high-risk patients. Interestingly, in vitro studies
with human NB4 promyelocytic leukemia cells have showed an
increased sensitivity to cytarabine after treatment with ATRA."®
In these experiments, the combination effect was supra-additive,
with a maximum cytotoxicity and potency of cytarabine admin-
istration when it was closely followed by ATRA administration.
In addition to the improved relapse rate observed in the present
study, we also noticed an apparent reduction in the molecular
persistence rate at the end of consolidation therapy in the
LPAZ005 (0 of 320 patients assessed) compared with the LPASS
trial (3 of 444). It should be noted that considering both the
LPAS9Y and LPA2()5 trials together, 3 of 764 patients assessed
had molecular persistence at the end of consolidation therapy,
this finding being significantly lower than in the LPA96 study
(5 of 147 patients assessed, P = .{2; data not shown). Besides
the improvement in the antileukemic efficacy, as expected, the
cytarabine enriched schedule increased the hematologic toxici-
ties compared with the LPA%. However, both a high protocal
compliance (97%) and a low death rate during consclidation
therapy were observed in the LPA2005 trial, even when
high-risk patients receiving cytarabine were analyzed separately
{3 deaths of 85 patients, data not shown).
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RISK-ADAPTED TREATMENT OF APL WITH CYTARABINE =~ 5145

In conclusion, following a risk-adapied strategy, the LPAZ005
trial provided an overall improvement of results in APL patients by
means of specific changes in consolidation therapy. A decrease in
dose intensity of mitoxantone in low- and intermediste-risk
patents resulted in a significant reduction of hematologic toxicities
and hospital stay without compromising the antileukemic activity.
Furthermore, the combination of ATRA, idarubicin, and cytarabine
in consolidation therapy for high-risk APL patients demonstrated a
siriking antileukemic efficacy coopled with a significant but
tolerable increase of toxicity. Once the use of arsenic friowide to
reinforce consolidation therapy in standard ATRA plus chemo-
therapy regimens has been supported by a large randomized study
by the US Intergroup,'® future studies should address the role of
this agent in front-line therapy. These smdies may establish
whether arsenic trioxide can permit a reduction of chemotherapy
intensity while maintaining cure rates or confirm the improvement
on outcomes currently achieved with optimal ATRA and anthracy-
cline-based protocols.
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Causes and prognostic factors of remission induction failure in patients with acute
promyelocytic leukemia treated with all-trans retinoic acid and idarubicin
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An understanding of the prognostic fac-
tors associated with the various forms of
induction mortality in patients with acute
promyelocytic leukemia (APL) has re-
mained remarkably limited. This study
reports the incidence, time of occurrence,
and prognestic factors of the major cat-
egories of induction failure in a series of
T32 patients of all ages (range, 2-83 years)
with newly diagnosed APL who received
all-transretinoic acid (ATRA) plus idarubi-
cin as induction therapy in 2 consecutive
studies of the Programa de Estudio y
Tratamiento de las Hemopatias Malignas

{PETHEMA) Group. Complete remission
was sttained in 666 patients (91%). All the
56 induction failures were due to induc-
tion death. Hemorrhage was the most
common cause of induction death (5%),
followed by infection (2.3%) and differen-
tiation syndrome (1.4%). Multivariate
analysis identified specific and distinet
pretreatment characteristics to correlate
with an increased risk of death caused by
hemorrhage (abnormal creatinine level,
increased peripheral blast counts, and
presence of coagulopathy), infection
{age >&0 years, male sex, and fever at

presentation), and differentiation syn-
drome (Eastern Cooperative Oncology
Group [ECOG] score >1 and low albumin
levels). respectively. These data furnish
clinically relevant information that might
be useful for designing more appropri-
ately risk-adapted trestment protocols
aimed at reducing the considerable prob-
lem of induction mortality in APL. [Blood.
2008:111:3395-3402)

0 2008 by The Amarican Soclety of Hematology

Introduction

Since the routine introduction of ali-trans retinoic acid (ATRA) in
front-line therapy of acute promyelocytic leukemia (APL), signifi-
cant improvements in patient cutcomes were achieved. A number
of studies conducted during the past decade have contributed to the
optimizing of the antileukemic efficacy of ATRA, especially when
it is combined with chemotherapy.' In fact, the current standard
for induction therapy is the simultaneous combination of ATRA
with anthracycline-based chemotherapy, which results in extremely
high antileukemic efficacy, achieving a 90% to 95% complete
remission (CR) rate. Although leukemia resistance to therapy has
become an uncommon cause of remission induction failure,
death during induction from hemorrhage, infection, and differen-
jtintion syndrome (formerly retinoic acid syndrome) has re-
mained the main problem during the eardy treatment phase. The
frequency of induction death from medical complications
has probably not changed during recemt years. The relative
incidence and time of occumrence of each of these categories of
induction failure, as well as their pretreatment characteristics
{prognostic factors), have been investigated critically and in detail
in rare studies only.’

The present study reports the incidence, time of occurrence,
and prognostic factors of the major categories of induction
failure in a large series of 732 patients with newly disgnosed
APL who received ATRA plus idarubicin (AIDA) as induction
therapy in 2 consecutive studies of the Programa de Estudio y
Tratamiento de las Hemopatias Malignas (PETHEMA) Group
(LPAYG and LPA%9).

Methods

Eligibility

Patents enrolled i the consecutive PFETHEM A LPAY6 and LPASS 1rals
were required 1o have a diagnosis of de povo APL with demonsisation af
the W15:17) or PML/RARe rearrangements, normsal hepatic and renal
function, no cardiac contraindications to anthracyeline chemotherapy,
and an Esstern Cooperastive Oncology Group (BCOG) performance
status of less than 4. Informed consent was obtained froem all pathents in
accordance with the Declaration of Helsinki. The protscol was approved
by the Research Ethics Board of each pasticipating hospital. A bst of the

Sunmittad July 10, 2007; accepted.January 10, 2008, Prapublishad oniing as Biood
First Ediion paper, January 14, 2008; DO 10.1182biood-2007-07- 100653,
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participating institstions and clinbcizns can be found in Document 51
(&vailable on the Blood website; see the Supplemental Materials link a1
the top of the online article).

Induction therapy

Induction therapy consisted of oral ATRA (45 mp/m® per day) dvided into
2 daily doses, which was maintained until complete hematologic nemission
or for & maxkmuem of 90 days, and damabicin (12 mpim? per day) given as an
mtravenous bolus on days 2, 4, 6, 2nd B (AIDA regimen). For patients
20 years of age or younger, the ATRA was adjusted to 25 mg/m® per day.
Since November 1999 (LPASY trial), the dose of wdarubicin on day & hes
been orited for patieats older than 70 years of age. Trestment with ATRA
was started & soon as a dizprosis of APL was made by morphologic
crileria 7 For patients in whom the dagnosis was pot confirmed by penstic
studies, ATRA treatment was withdrawn, and ahemative chemotherapy was
given al the physicin’s discrethon.

Supportive measures

Management of coagulopathy.  Platelel ransfusions were given 10 main-
rain a platelet count of mone than 30 = 1091 until resobution of the
coagulopathy. Once the coagulopathy was under control, platebet transfu-
sions wene oaly given lor patients with infections or bemorthagic manifes-
ralions, or when the plaselet count drapped below 20 % 10%0L. Patients with
active coagulopathy were treated with fresh frozen plasma, eryoprecipitate,
ar fbrinogen o maintain a Gbrisogen level higher than 1.5 mg'l and
hemmtatic levels of coagulation factors. Hepasin prophylaxis was nol
recommended, except for the tresiment of thrombotic events. Since
Novernber 1999 (LPA99 sidy), patbents with platelet counts bess than
500 1090 o evident chnical-blologie signs ol coagulopathy have re-
cedvid ranexarnic ackd (100 mphkg per day) by continsous Intravenous
mnfusion umtil the disappesrance of sigms of cospulopathy snd the platele
count wias higher than 50 % 10971

M af differentimion spmd Al the first signs of
qu_qpmmd differentiation syndrome (DS), patients were given 10 mg
dexamethasone every 12 bours. ATRA was discontinued only in case of
progression b severe DS, In the LPAGS irtal, patients with & white blood
cell (WBC) count greater than 5 % 10%L received prophylaxis with
dexamethasone (10 mpf2 h mtravenowsly for 7 days), whensss in the
LPASY snwly, all patients received DS prophylaxis with predrisone
(0.5 mgfkp per day orally) fromdays 1w 15,

thker supporfive measnres. Patbents were admitted in single or
double conventional rooms with no specific isolation measures. Manage-
ment of febeile episodes was not standardized and varted with the
practice of each instmtion. Treatment with granulocyte colony stimulat-
g factors wis nol recommended. For patients with extreme hyperleuko-
eytosds, hydroxyures and leukspheresis wene given &1 the physician’s
discretion. Packed red cell transfusions were recommended 10 mainizin
hlood hemoglobin grester than 9 gidl.

Definitions and study endpoints

Hemission induction response was ssessed sccording o the recently
revised crileria by Cheson et al® A morphologie CR destgnation requises
Jess than 5% blasts and atypical promyelocytes in an spirate sample and an
absolute nevtrophil count of mone than 10WL and platelets of more than
100 = 10%L. Hemoglobin concentration o hemstocrit has no bearing on
remmdssion status, although the patbent must be independent of ransfosions.
Treatrment failure mcludes those patients for whom trestement has failed o
achieve a CR. The causes of ireatment failure wene classified as follows.

Resisfant diseaze. I.na?f...al\-nfnms with other subtypes of acute
myeloblastc leuk e can be d only after
sufficient time has passed 1o allow for full terminal differentiation of the
malignant promyelocyles. The bone mamow aspirste performed oo early
after induction therapy may reveal a hypercelllar specimen with residisl
hlasts and atypheal promyelocyies and may give the misleading impression
ol resporse falure, cecasionally even after some weeks after the ster of
reatment (p o 40-50 days).
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Death during induction therapy. Causes of induction deaths include
the following cateposies.

Infection. When desth B dwe 10 3 climical, radiologse, or microbiologs-
cally documented mfection.

Hemorrhage, 'When a major bleeding occurs in a witsl organ (ceniral
nervous system, lungs). Gastrointestinal wract bemorrhage requines massive
melena or hematernesis accompanded by fall in blood pressuse.

Differentintion syndrome.  That is, death occurring in patients with
definitely present DS and not explained by infection, hemorrbage, or sny
ailker canse. Defindtely present DS is defined &5 the presence of a leas 4 of
the characteristic sgns o symploms deseribed by Frankel ex al®: fever,
dyspoea, pleural or pericardis] effusion, pulmonary infilirases, renal failuse,
bmwmw@wmm!u

(eher  That 1s, any other cause sot classibed &5 inf h Hag
ar DS that was the cause of death.

Duration of newiropents and thrombocytopenia was defined as the time,
indays, from tbe end of chermotherapy until the dsy ol the firs measunemment
of absolute peutrophil count greater than 1071 and platelets greater than
500 0L, respectively.

Prognostic factors

Twealy-two patent and disesse characteristics documented at imitzal
evalsation were examinid in the prognostic factor analysis 1o establish
thedr relation o induction response. Basie demographic data and clinseal
charscteristics al presentation included age, sex, BOODG score, fever,
total body sarfsce, as well as Hver and spleen enlarpement. Serum
eral blood features included hemoglobin level and platelet, WBC, and
blast cell counts. Bone marrow aspisabe parameters evalusted were
cellularity, peroxidase reactivity, Freoch-American-British subiype,
eyiogenetics, and PML/RARA isoforms. The protocol, fibrinogen level,
and the presence of coagulopathy were also incleded. The latter was
defined a3 a proloaged prothrombin time or activaled partial thrombo-
plasiin tme, in addithon o hypofibrinogenemia or increased levels of
fibrin degradation products ar D-dimers.

Statistical analysis

The chi-sguane test with Yates correction and Fisher exact st wene used for
statistical analyses. P valoes were caleulited wsing the 2-tuled tesL
Characteristics sebected for inclusion in the multivariae analysis were those
for which there was some indication of a sgnificant sssoctatbon with
induction failere in univariate analysis (P << 1) and, if svailable, those thay
prior stsdbes had suggested a possible relathon. Multivariale analysis was
performed using a logistic regression model.™ Missang data were subsi-
tuted by the mesn valoes from patients in whom dats wese available "
Computstions were performed wsing the programs from the BMDP
statistical Bbrary (BMDP Statisteal Sofvaare, Los Angeles, CAL

Results
Accrual and patient characteristics

Between November 1996 and June 2005, 792 consecutive patients with
genetic diagnosis of APL were megistered from B2 institutions from
Spain, The Netherlands, Arpentina, Uruguay, and the Caech Republic. A
total of 42 patients (5%) were considered not eligible for the meament
of chemotherapy, 8 (45) and 34 (6%) in the LPAS6 and LAY tnals,
respectively. Thus, 750 patients met the previously defined entry criteria
and were enrolled in the LPA96 and LPAY studies. Eighteen additional
patients were not evaluated because of protocol violstions during
induction therapy (B of 181 in the LPAS6 tmial and 10 of 570 in the
LPA99 tial). Causes of protocol violation were the addition of
cytarabine (10 patients), premature administration of salvage therapy
‘because of inappropriate assessment fior response a5 resistant leokemia
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Table 1. Reasons for the exclusion from the study

i

Maneligible patients

Poor padloemancs slalABavens acive ntaction of hemarnags
Intracranial hemarhage
Pulmorany hemorhage
Septic shock (bactoneeresh
Preumnania L
Ercophalitis
Sevara thiombosmboism

Urfit for chematherapy
Vary eldedly pafents (75, 78, 78, 82, 88, 80y}
ECOG soore of 4
Carsias contrairdcatians
Abroemal renal ar hepatic function
Serous peyshiainis ilness
Hamiplegia ater sirake

Haravaluable patients (profocel wialaticns)

Addition of oytarabine

Pramature adminsiration of sakage haroy becauss of
inappropriate assessment for responsa

Lowt ta tolow-un Docausa of trarsfer 19 arciar hospital

ECOG ndcanes Easiem Cooperativa Creolagy Group

8

B E - MR = kot = o=

- R

B

{6 patients), and lost to follow-up because of ransfer to another hospital
during induction therapy (2 patients). The 6 patients inappropriately
assessed for response had been evaluated during pancytopenia on days
18, 20, 23, 26, 30, and 33 aficr chemotherapy and 4 of them had
developed a definitely present DS. Five patients achieved CR after
second-line therapy. Details about noneligible and nonevaluable patients
are shown in Table 1.

The main clinical and biologic characteristics of the
732 paticnts evaluable for induction are shown in Table 2.

Induction therapy

Resp and induction mortality. Six hundred sixty-six of the
T32 evalusble patients achieved morphologic CR (91%; 95% CI,
H9.99%-92.1%). The median tme intervals o CR were 36 days (range,
21-T8 days) in the LPAS trial and 37 days (range, 21-77 days) in the
LPASY trial. The median time to reach neatrophil counts greater than
10°/L and platelet counts greater than 50 % 10P/L was 23 days (range,
0-60 days) and 19 days (range. 0-50 days), respectively. All the 66
induction failures were attributed to death during induction.

Hemorrhage and infection accounted fior most of the deaths
during induction therapy (37 and 17 patients, respectively). Differ-
entiation syndrome and acute myocardial infarction were contribut-
ing causes of death in 10 and 2 patients, respectively.

Factors predicting induction death. We first sct out o
evaluate overall induction mortality, and in the subsequent sections
we evaluated distinct types of death separately, ie, hemomrhagic
death, infection-related death, and death associated with the
differentiation syndrome, respectively.

The univariate analysis of prognostic factors (Table 3) identified
the following characteristics predicting induction mortality: older
age, with &0 years as the most significant cutoff point (P < (01}
male sex (P = .003); ECOG score 2 to 3 (P = .01); fever at
presentation (P = (02); increased WBC and peripheral blast counts
at presentation, with 10 % 109L and 30 % 1L as the most
statistically significant cutoff points, respectively (P < .001); as
well as abnormal levels of serum creatinine (F << 001}, low levels
of albumin (F = .003), microgranolar subtype (P = .002), and
presence of coagulopathy (P = .02). After multivariate analysis,
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the following factors remained for their independent predictive
significance for indoction mortality: abnormal creatinine level
(P = .001), peripheral blast count of more than 30 X 10%L
[P << D01}, age older than 60 years (P < 001), male sex (P < 001},
and WBC count of more than 10 ¥ 10%L (P = .04; Table 4).

Deaths as a result of hemomhage

Orverall, 37 deaths were attributable to hemomrhages. The mortality rates
resulting from hemomrhage were similar in both the LPAS and LPAYS
studies (9 of 175, 5.1% and 28 of 561, 5%, respectively), despite using
tranexamic acid prophylaxis in the katter study. Hemomhagic mortalities
were almost exclusively cansed by intracranial (24 patients, 65%) and
pulmonary hemorrhages (12 patients, 325%). OF the 24 patients with
intracranial bleeding, 2 developed the bemomhage over an extensive
cerchml thrombosis, and 2 additional patients had concomitant pulmo-
nary hemomhage. One case of fatal pastrointesting] tract bleeding was
registered. The median tme interval from stert of meatment o develop-
ment of intracranial and pulmonary hemorrhage was 6 days (range,
1-21 days) and 9 days (remge, 1-23 days). mspectively. Most lethal
hemorthages occurred during the first week (21 patients. 57%). There
were 7 deaths (19%) each during the second and thind week, and
2 deaths (5%) were noted during the fourth week (Figure 1). Mo lethal
hemorrhages wene recorded beyond the fourth week. Seventeen (71%)
of 24 cerebral hemorrhages and 4 (33%) of 12 pulmonary

occumed during the first week of sterting induction (P = 07). Twenty-
five of (6%%) 36 patients who died from cercbral (19 of 24) or
pulmonary hemomhages (6 of 12) had a fulminant cowrse, with death
occurring within 24 hours from the onset of lethal bleeding.

Factors predicting fatal hemorrhage

The univarizte analysis (Table 3) identified the following prognos-
tic factors for hemomhagic monality: older age. with 70 years as
the most significant cutoff point (P = .02); increased WBC and
peripheral blast counts at presentation, with 10 3 0L and
30 % 10%L as the most statistically significant cutoff points,
respectively (P < .001); as well as abnormal levels of serum
creatining (P < .001) and the presence of coagulopathy (P = .01),
whereas there was a trend for microgranular subtype (P = .09} and
short PML/RARe isoform (berd; P = 09). After multivariate
analysis, the following factors remained significant: abnormal
creatinine level (P << .001), peripheral blast count of more than
30 0% 10%L (P < .001), and presence of coagulopathy (P = .03;
Table £).

Deaths as a result of infection

Overall, 17 deaths were atwributable to infection. Infection-
associated mortality was due to poneumoniz (9 patients. 53%),
septicemia (6 patients, 35%), orbital cellulitis (n = 1), and clini-
cally and radiologically suspected but not microbiclogically docu-
mented hepatosplenic candidiasis (n = 1). Eleven patients had a
microbiologically documented infection. Eight were bacterial
infections {4 Gram-positive and 4 Gram-pegative), 2 fungal
infections (pulmonary aspergillosis), and | mixed infection (pulmo-
nary infection by Aspergillus spp and Klebsiclla prewmonige).
Deaths resolting from infection occurred at a median tme of
21 days (range, 3-39 days), &t a constant rate during the induction
period (3-4 deaths each week; Figure 2).

Factors predicting fatal outcome of infection

The following prognostic factors (Table 3) for infectious mortality
appeared from univariate analysis: older age, with 60 years as the
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Table 2. Demographic and baseline characteristics of the study population

LPADE LPASS Total
Median Median Median
Characteristic {range} Mo (%) {range) Ma. (%) B {range) Mo (%)
Crvearall - 172 (24) - B0 (TE) - - T2 100
Age, ¥ a9 (2T — a0 (2-8) - - 4 {283 —
15 ar youngar _— 11 {5 -_— A8 B _— =111
161040 - T [43) - 240 (43) - - 318 (43
110 60 - & (34) - 171 {30) - - =28 (31)
811070 - 19 (11) —_ BB (13 - — 713
T1 0 olider - 106 — kil = — 43 (6}
Sax
Mala —_ 02 = — 270 (48) o i F2EN
Famala — T[4} — 280 (52) — — 360 [49)
ECOG scar 10-3 — 103 — — 1{-3 —
Qi — 130 &1} — JTEH a7 — 07 735}
2 — 20(13) — 102 (20) — — 122 18
a - 18 - 3 (7Y - - 4 [T}
Fever
Ho - 108 (53} - 333 (60) A7 - 441 (BT}
Yos - 64 (37) - 220 (a0) -_ - o5 (39
WBE count, 1081 2.0 {hs-20) — 2.3 i0.2-40) - - 2.2 (0.2-a80) -
Less than § - 108 (82 - 330 (60) Ei] - 444 (BT}
51010 - 21 (13 —_ B4 (15) —_ —_ 105 [14)
1012 50 - 31018 - 59 (18) - — 130 18}
50 or highae — 127 - 407 - — 27
PB blasi count, x 1081 Q.8 [p-210) — 0.7 [0-173) Q.7 {0-2104
Lags than 30 — 151 =3 — 455 (B0) 35 — 10 21}
30 or highse - 12m - 50109 - - &2
Platalad count, x 1041 20 [1-161) - 22 (1-207) — — 22 {1-207) —
Lass than &0 - 13277 - &3 (T7) ar - 55T
&0 ar higher - 40 (23) - 128 (23) - - 158 [23)
Hemoglabin level, gidL B4 {4.318.2) — 8.2 (3165) - - 5.3 {3-16.5) —
Less than 10 - 104 [0 - BT (68) 26 - A [54)
10 ar higher — 54 [40) — 158 (38) — — o (36
Creatinine level, mgidL 08{ne1.7 — 0.8 [0.2-2.4) - - 0802 -
Less than 1.4 - 171 EE) - 2% (98) 22 - = (5]
1.4 or highar — 101 - 1342 - —_ 14 ()
Caagulopathy
Mo — 5130 — 141 (28) L — 192 (28}
Yau - 121 (70 — 369 (73 — — 4807
Lric acid leval, mgidl. 38 (1-8.6) — AP O212T) — — 18028127 —
Loss than 7 - 152 95} = 442 (B4) 85 — 4[24}
7 o higher — aE — 26 8) — — 368
Fibrincgen level, mg/dL 1650 [0-TR4) - 158 (02 — — 158 {0-B62) -
Less Han 170 - 91 (30 - 288 (28 EE] - a7 [28)
170 or highar - T (7). - 232 (T8) - - a0 (78
Albumin lewvel, gidL RS- — 4[1.T-ET) - - 417467 —
Less than 3.5 - 22 (14) — 107 (24) o — 129 22
4.5 or higher - 129 () - 233 (TH) - - A [TH)
Morphologic subtype
Hypargraraias - 143 (B3} - 450 (82) T - S (82
Micragranular - 217 - 100 {18) - — 12915
PMLFARN isalarm
BORVBOR2 — o 56 — 286 (59) A2 — 7 =8
BORI — T3 44 — 198 {41) — — 7143

EC10G indicates Eastem Cooperative Oncology Group; WlC, white blood count; PB, paripheral blood; and —, rot applicable.

maost significant cutoff poing (P < 001); male sex (P = 02); fever Deaths as a result of differentiation syndrome

at presentation (P = .01); and sbnormal serum creatinine level

(P = .04). Among them, multivariate analysis identified the follow-  Ten deaths attributable to DS occurred at a median of 17 days of
ing independent prognostic parameters: age older than 60 years  starting induction (range, 1-26 days). The time of occurrence of
(P < .001), male sex (P = .003), and fever at presentztion deaths resulting from DS is shown in Figure 2. The mortality

(P = [0 Table 43,

rates because of DS were similar in both the LPADS and LPASS
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Table 3. Univariate analysis according to the type of induction remission failure

Crvarall daatha during
induciion Failure rates according 1o the cause of death
Hemarrhage Irdecticn 253

Characteristic Mo. (%) P Mo (%) P No. (%) e No. %) P
Cverall B8 {5.0) — a7 (80 — 1723 — 1018 —|
Protocel

LPADG 16{9.3) a8 BEI) 20 S35 J7 203 1

] B0 {B5) - 28 (20) - 1221 - Bia —
Age.y

15 0f yourgar 5{85) <00 IEN 06 oG =001 2345 08

18 1040 14§44 - 11 [35) - 30160 — 000y —

&1 1060 15 {83 - 11 (4.5) - Ly - s -

&1 1o 70 17 {15.5) — & [Eg) — T (B0 - 223 —

1 o ol 114258 — 140 — 403 — 123 —
Sex

Male 48 (12.1) o3 B A6 14 {38 fi] (18 )

Famala 21{5.8) — 1439 — Ji0E — A1 -
ECOG scare

a1 38 (7.5 o 24047 F 1 a B 3(08) o

2 18 {123) — & [4.9) o 3(25) — 4 (2.3 —

El {188 - (0.9} - 243 - 23 —
Favar

[ 31{7.0) a2 19 (4.3) E] s{L1 o (1.8 =T

Yes 34 {12.40) - 17 (E0) - 12 (4.2 - 4(1.48) —
WEBC count, x 10°1L

Lass than & 23{52) =00 12En <.001 718 23 408 ]

S 10 10 {5.8) — 5 [4.8) — 325 — 2{148) —

1012 50 21 {16.2) — 1 [BS) — 4{31) — 421} —

50 of highes 12 {231) - 1073} - (5.8 - o -
PE blasi count, = 1081

Lass than 30 44{7.2) =0 24 (39) <001 1agEn mn 7(1.1) =T

30 or highes 17 {27.4) - 10[16.1} - 4 {6.5) — 18 —
Platalal count, x 1051

Lass than 40 58 {5.8) 2 =ET) R 1323 E= B =T

&0 of highes 11 {6.5) = 5[0 - 4(2.4) — 2003 =
Hemoglabin level, giL.

Lass than 10 4382 8 26 [B.5) a8 11 {24 268 E(13) &

10 or bigher 3 (RE) — 11 4.1) - B (L3 - 4(1.5) -
Crgatining leval, mgidl

Lags than 1.4 52{1.5) <=0 TR <A 15423 04 Bty A3

1.4 or highar 10 {71.4) — T (Ba.a) — 2(14.5) — 171y —
Coagulapatiy

L] 10{5.2) 2 g Ao e 57 3.6y el

Yas S3{10.4) - HET) - TIET) - LI -
Uric acid level, mgidL

Lags than 7 45 (7.8 A4 2135 A7 13{2.3) T7 S5 el

T of highes 4{11.1) — 4111} — oM — oo —
Elbrinegen level, mgidL

Less than 170 a2 (BE) 58 18 [4.5) ass Bizd) Eer 4(1.1) &2

170 or highar W0{aT - 15 4.4 - B{LE) - LR -
Albuimian lowel, mogfdl

Less than 3.5 18 {147 s ETR ) 13 538 £ s a2

3.5.0r higher 0 (EE) - 18 [A5) - 8{1.5) - 308 —
Marphelegic aubbype

Hypergraruiar 45 {7.6) a2 2 (4.4) ) {18 mn ET =T

Microgranular 21{1E3) -_ 11 [BE) — B4 - 2018 -
PMLTRARD isafarm

BCR1BOR2 {Ta a1 14 ET) o8 B21) kL 503 73

BCR3 29 {10.T) — 19[7a) — T{2E) — 201 —

ECOG indates Eaglam Cooperative Dreology Grup WEC, whits piood count; PR, paripheral Diood, and —, rod appicabla,

studies (1.1% and 1.4%, respectively), despite prednisone (B combined, | renal, and 1 respirstory failure). Two pa-
prophylaxis in the latter. Renal and respiratory failures, either  tients onderwent hemodialysis, 2 mechanical ventilation, and
combined or separately, were implicated in all deaths 3 both procedures.
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Table 4. Multivariate analysis according to type of induction death
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Cause of death
Ddtfarantiatian
Incuction death Hemcrrhags Infaction syrdrome
Untavorable
Covariate category OR (95% CIj P R (55% C1) P O (95% CI P R (95% C1) e
Craatining vl Abrcemal levals. 238(6.380.3) <O  MIF5TEI <001 = - — n
WL count, 3 10%L 10 or igher 22(1.1-4.8) e — az — P — -
FBbiast count, 109, 30 or highar INATE) <0 4418107 <000 — 3 - 5
Age.y 8 ywars o okder 44(2481)  <om - 14 10(35314) <00 - 6
Sax M 2B(1552) <0 - 18 S1(14183) 003 - B
Coaguiopathy at Yes - 2 aaperiis 03 - £ - o
pESBnETn
Faver at prosantation e — 45 — e sy oo — a7
ECOG soorg At loast 2 — 45 — 86 — 38 450127 009
Alburrin bevel Abroemal levls - BT - B2 - &2 4181 s

OR indicates odds ratio; WiBC, while blood ooll; PB, perpheral blood; ECOG, Eastem Cooperatve Oncology Group; and —, nol applicable.

Factors predicting fatal outcome of DS

The following prognostic factors (Table 3) correlated with death
associated with DS after univariate analysis: BCOG score 2 o 3
(P = .01}, low level of albumin (P = .02), whereas there was a
trend for younger age, with 15 years as the most significant cutoff
point (P = .08). Multivariate analysis identified ECOG score of at
least 2 and low level of albumin (P = .045) as the only significant
independent prognostic factors (Table 4).

Other causes of death

In the absence of history of cardiac events and coronary risk
factors, 2 male patients of 65 and 68 years of age developed a fatal
acute myocardial infarction at days 15 and 33 of induction therapy,
respectively. Both were diagnosed by chest pain consistent with
ongoing myocardial ischemia with concomitant typical changes in
electrocardiogram and creatine kinase levels.

Remission induction deaths continue to represent one of the major
stumbling blocks in modern therapy of APL. This study shows that
hemaorrhage is the single most common cause of death (5%) during
induction therapy, followed by infection (2.3%) and differentiation

Tindracranial ~ Pulmonary B Qasirointestinal

-]
» 4
B
3
4"
i
:
L] - .
L ng rd on

Tirme of accurrence of hethal blesding (week|

Figura 1, Chronalegy and site of lethal hemerrhages ccownring during induwee-
tion therapy with the AIDA regimen.
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syndrome (1.4%) in patients with APL receiving ATRA and
idarobicin {AIDA regimen). Typically. the majority of lethal
hemorrhages occurred early during indoction, whereas infection
and D5 cansed deaths at a somewhat later time. Multivariate
analysis identified pretreatment characteristics associated with an
increased risk of death, which were different to predict fatal
hemaorrhage (zbnormal creatinine level, increased peripheral blast
counts, and presence of coagulopathy), death because of infection
(age older than &0 years, male sex, and fever at presentation)), and
death becanse of DS (ECOG score = 2 and abnormal albumin
levels). Thus, apparently these different types of death seem subject
to different and specific risk factors. This may provide clinically
relevant information that in the firture may be useful for designing
muore appropriately risk-adapted treatment protocols and improving
treatment owtcome in this type of leukemia

A number of studies conducted during the past decade have
contributed to the optimizing of the antileukemic efficacy of ATRA
when used in combination with anthracycline chemotherapy for
induction therzpy.™ In fact, this combination shows an extremely
high antilevkemic efficacy. leading to complete remission rates in
Q% to 95% of cases, and leukemia resistance has been only
reported in infrequent cases *'>'¢

It should be noted that 4 of the 6 nonevaluable patients who
were registered by their physicians in ouwr study as resistant
leukemia and then administered salvage therapy had developed a
definitely present DS, and all of them were assessed prematurely
for response, that is, during pancytopenia. This is contradictory to

18l 2nd rd At »4th
Time of cocurrence [weak)
Figure 2. Chranalogy of deihs af and
syndrome [D45) occurring during induction t y with the AIDA regu
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the current recommendations of response assessment in APL.Y
Unfortunzately, the hasty administration of salvage therapy to all
these patients with delayed clearance of blasts did not allow us to
verify whether they were really chemotherapy resistant or rather
only exhibited a delay in terminal differentiation of blasts. In case
of any doubt about the achievement of CR, it is recommended to
repeat another bone marrow assessment after an additional interval
of 2 to 3 weeks and meanwhile refrain from new therapeutic
interventions. Since the introduction of this policy, no case of
resistant leukemia was recorded among the most recent
350 patients enrolled in the PETHEMA studies.

Apart from a virtual absence of leukemia resistance and a lower
mortality rate observed in APL compared with other subtypes of
acute myeloblastic leukemia (AML), the causes of induction deaths
showed a characteristic pattern and time of occurrence that also
differ from those in AML.™ Although infection is the predominant
cause of death in AML, hemorrhage is the principal canse of death
during induction therapy in APL. However, few data are available
about the clinical features of this complication, such as time of
onsct and time interval between hemorrhage and death, and also
little is still known about the prognostic factors of this particular
complication. As far as we know, only a study by Kantarjian et al'®
that was performed in 60 patients with morphologically diagnosed
APL treated hetween 1973 and 1984 has previously addressed the
analysis of the prognostic factors associated with induction failure
because of hemorrhage, 2= in the present study. Two studies of the
Gruppo Italisno Malattie Ematologiche dell’ Adulto (GIMEMA)
group, ™" one of them in the pre-ATRA era, have also analyzed the
prognostic factors associated with early hemorrhagic death, but it
was restricted to deaths occumring within the fisst 10 days of
induction therapy. Finally, 2 additional studies of the ATRA era,'®'*
with 3 and B hemorrhagic deaths, respectively, have analyzed the
prognostic factors associated with the development of sewvere
hemorrhage but not those factors associated with an increased risk
of death because of hemomrhage.

In addition to an increased WBC count, which has been
recognized as an independent prognostic factor of response to
induction therapy in other studies,"™ " we also found that the
presence of coagulopathy and abnormal levels of creatinine were
significantly associated with a higher risk of mortality and, most
particularly, of hemorrhagic mortality during induction remission.
It should be noted that the inclusion of peripheral blast counts in
multivariate analysis, which was also recopnized s independent
prognostic factor of early death (defined 25 death cccurring within
the first 10 days of induction treatment) by the Italian GIMEMA
group, ™"’ prompted that WBC count was removed from the
regression model. The reason for the association between an
elevated creatinine value and death of hemorthape is not clear,
although one may speculate that it might be a reflective sign of the
disseminated intravascular coagulopathy compromising the glomer-
ular microcirculation. However, this speculation is an apparent
contrast with the presence of coagulopathy as an independent
prognostic factor. Whatever the explanation, it may also be noted
that an abnormal level of creatinine was already found to predict
poor response to induction therapy in a study reported by us in the
pre-ATRA era’ The prognostic value of the hemorrhagic score
defined by the GIMEMA group,™ and slso recognized as indepen-
dent prognostic factor,® was not analyzed in the present study
because clinical assessment of our patients did not inclode the use
of this score.

It should be noted that the reported hemorrhagic mortality
wis observed despite a generalized and early aggressive support-
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ive care given to all patients, regardless of prognostic factors. In
this context, the acknowledgment of a particular set of prognos-
tic factors can be useful to identify high-risk patients as a
potential target population to explore experimental or novel
approaches to minimize the risk of death because of hemor-
rhage. For the systematic use of tranexamic acid prophylaxis in
the LPAYY trial, a historical comparison with the LPAD trial,
without tranexamic acid prophylaxis, showed no effect in
decreasing hemorrhagic mortality. However, there was a trend
toward a higher incidence of thrombaosis.” Therefore. 2 poten-
tial benefit of the use of tranexamic acid in this setting is not
supported by this study.

The type of infections associated with mortality in the
present study appears similar to that seen during indoction
therapy in AML. However, the incidence of infectious deaths
(2.3%) was lower than generzlly reported in other subtypes of
AML. Apart from the apparently shorter time to hematologic
recovery in APL compared with AML, the relatively low median
age of patients and the lack of use of cytarabine, among others,
might explain the low infectious mortality rate observed in our
series. As far as we know, a study of prognostic factors of
remission failure because of infection in AFL has not been
reported previously. Although age is genenlly recognized as a
risk factor for death during induction therapy because of the
greater “vulnerability”™ to chemotherapy toxicity of older pa-
tients, we have found 2 additionzl factors that contribute to a
higher risk of infection-related death, ie, male sex and fever at
presentation. It is presently unclear why we observed a lower
muortality rate among women. We can speculate on a better
tolerance to the side effects of chemotherapy linked to better
organ function in female patients, particularly at older age,
which would be in line with the somewhat greater life expect-
ancy of women in general. This factor was already noted in a
previous study of our group concerned with elderly patients. >
The greater risk of death because of infection that was apparent
in patients presenting with fever at time of diagnosis may be
related with an intrinsic susceptibility to infections but also to a
more prolonged use of antibiotics, leading to & higher risk of
breakthrough bacterial and fungal infections.

It should be noted that the characteristics predisposing to
lethal DS, such as ECOG of at least 2 and low levels of serum
albumin, should be cautiously interpreted because of low
number of events observed (10 of 732 patients at risk). These
characteristics were not recognized as independent prognostic
factors of remission failore. probably because of the low
contribution of DS-associated mortality on the overall mortality.
In this regard it is also of note that the systematic use of
prednisone prophylaxis in the LPA99 trial, showed no effect on
reducing mortality because of DS compared with a selective use
of dexamethasone prophylaxis in patients with WBC count
greater than 5 % 10°/L in the LPA96 trial.

In summary, our study of a large series of patients homoge-
neously treated for indoction with ATRA and idambicin shows a
characteristic pattern of causes of induction failure, as well as a
specific set of prognostic variables that can be applied to predict
separate types of induction failure. These predictive models,
based on readily available baseline characteristics, may be
useful for designing more appropriately risk-adapted treat-
ment protocols aimed at reducing mortality from hemorrhage,
infection, or DS.
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Prognostic impact of additional chromoesomal abnormalities in APL

Introduction

Cynogenetics is the most powerful single prognastic fac-
tor bor outcome in acute myeloid ﬁ:ukﬂma”andﬂt:mm
useful guide available for stratification and post-
remission treatment in this disease. The t/15:17), character-
iring the acute promyelocytic fomm of acute myeloid
leukemia, is considered to be a favorable ortogenetic fea-
ture. However, the prognostic significance of additional
oyogenetic abnormalities (ACA)} in amuoe promyelocytic
leukemia (APL) has remained a matter of debate.

During the 1990s, some studies suggested a relationship
berween ACA and ourcome in AFLY Howewver, these
studies were ive and performed in small series of
patients mostly treated with chemotherapy alone. Mome
recendy, three studies undermken in patentss with AFL
managed with state-of-the-art treatments, that is, a simul-
taneous combination of all-tners retinoic acd (ATRA) with
anthracycline-based chemothempy, have yielded confice-
ing results with regard to the impact of ACA on prognosis.
In two large studies ACA were not found to have an
impact on prognosis,”’ while, in the third study, patients
with ACA had a higher death mte during induction thema-
pv compared with patients exhibiting the t(15;17) alone.®
Although none of these studies demonstrated that ACA in
AFL have a significant impact on the Hsk of relapse, physi-
clans may be tempted to modify the planned treatment
based an the presence of these abnormalities, ting
Et:a!rgmﬁustdﬁu:ﬂmmanagﬂ!mntufnﬂ!:rmhtypﬁsuf
acute myeloid leukernia.

In order to clarify the role of ACA in AFL patients treat-
ed with modem treatments, we report here the chamcter-
istics, oubcome and prognostic valee of cytogenetics in &
large cohort of successhully karyotyped patients with a
long followe-up who were enmolled in taro successive shod-
ies camied out by the Spanish Programa de Estudic y
Tratantiento de las Hemopatias Malignas (PFETHEMA) group
{studies LPASS and 1 PASY).

Design and Methods

Patients and eligibility

Between November 1996 and June 2003, a total of 739 patients
with de mows, genetieally confirmed APL were enrolled Into two
corsecutive trials, LPASS and LPASS. The eligibility erterls and
protocols of these studies have been repored slsewhere®”
Informed consent to participation in the studies was obeained
Born sll patients, in d with the Decl of Heleinki

Cytogenctics and fluorescence In situ hybridization

Bane marrow samples foe cytogenetic analysis were processed
after shom-term culture (24 ar 48 h) Mollowing standesd proce-
dmmdxmmmomuwemmdbyG-hnd::@a:dﬂr

a o jonal Systes for
}hmmcyw:\lwﬂsm 1995) recommenda-
tons. Wmmm&ummmmmﬂ
in each exse. Cases wese d il diploid if no donal
abnormalities were detected in 8 mindeen of 20 mitotie cells. In
most of the patients uui:appa::mlymmﬂ karyotype and
PMLRARA rearrangernent d fverss plase-
polymesase chain sactinn (RT-PCR), Buorescence uu sitn
bybridization (FISH) studies were additiorally camied ot in
muphma:ﬂmutp&numadtLTm—mim"ISku
using & PMLARARA tramslocation probe (Abbott, Wieshaden,
Germamy).

The majarity of cymngenetic analyses were peciormed ar refer-
ence labomtoses. The orginel cytogenetics reports wese fequest-
ed from the centers for central review. Approprate karyotype
nomenclatere [TSCN 1995) wes centrally reviewsd by two of the
authoes JC, [MH]. For the purpeses of this seudy, satlents with 2
normal karyotype with the PHL/RARA hushon demonsteated by
either RT-FCR or FISH, were considered as having APL withoat
.A.CA.‘“

Reverse transcriptase-polymerase chaln resction
studies

exrzaction and an the RT-PCR peotocals for PHL/RARA amplifics-
ton wsed by the participating lsbosatories have been described
elsewrhere
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Treatment

The ind ! isted af oszl ATRA, (45 mgimiday),
dw;duiulnwndaﬂydm which wes mudnrsined el com-
plete remission, and intravenms idsrubicin (12 mg/m'/idey] on
days 2, 4, 6, and B. For patierts 20 yeass of age or younger, ithe
ATRA dose was adjusted to 25 mgfen’/dey. From Novesber 1995,
the idansbicn on dey § was omited for patients older then 70
years. Patierss in complete remission received three monshly con-
solidation courses The Hret consrse consisted of idandsics (5
mgim'iday for 4 days), the second of mitmontrone (10
g o/ dary For 5 darys), and the thisd of iderabicin (12 mgfmiday
For 1 day) Froen Movember 1999 (LPASS sty intermediate- and
high-risk patienss, as previously defined” seceived ATRA (45
mig/rr /ey For 15 days) combéned with the three chemotherany
cousses;™! those based on idanibicin were slightly reinforced by
ing the dose in the Bret course to 7 mg/miiday and by

The protocs] was approved by the Research Erhirs Boand of each
partclpating hospital.

Diagnosis

In addition to the morphological and cytochemical criteria wsed
by the French-American-Britigh clagsificstion and soutine
immunophenotyping, the diagnosls of AFL was genetically eon-
firmed in all cases by demonsteatinn of the PHLRARA hyhnd
gene andfor the chromosomal wanslocation H15;17)q22,q21),
Immumaphenotypie and cytogenstic analyses were systesnatical-
Iy performed at presentation only. For the purpose of rapid diag-
nosis, an Immunchistochemical analysis of PML protein distibu-
ton way pesk d, using the 1 antibody PG-M3," in
a subgroup of patients,

hasmatologica | 2010; B5(3)
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administering wianibicin for two consecutive days inctead of ane
Inthe thind coumse. Patients who tested negative for PHULRARA
the end of comsolldstion were staned on mafntensnee therasy
with ozl mercaptopurine (30 mgimiday] intressseular
methotrexate (15 mg/mi/week), and ol ATRA #5 mg/m'iday
For 15 days every 3 month) over 2 years. Detalk of the suppan-
fve therapy have heen decrihed elsewhere **

Definitions and study end-points

Response to the remisdon induction thempy was sssessed
aconmiing to criteria recemly sevised by Cheson al ™ Moleedsr
mmwdﬁﬁmuﬂud@mmumbﬁr
mide pel of the PULRARA-specll d at &
usmguRTPﬂlmymasmwhuﬂﬁhﬂ Madecular
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petsistence was defined as PCR positdvity in bwo consecutive
bone marrow samples collected at the end of consolidation thess-
py. Molecular relapse was defined as the reappearance of PCR-
pesitivity in two consecutive bone marrow samples st any tme
after consolidation therapy. Risk of relapse was estsblished at
dingnosls seeosding to 2 predictive model based an each patient’s
leukocyre and platelet counts at disgnesis, & reponed else-
where,” Low-rsk patients had a white cell count less than
10 10°0L and & platelet count more than 40x307]; intermediate-
gk patients had a white cell count Jess than 10x107L and a
placelee count less than 40=100L; and high-sisk patiens had a
white cell count equal to or mose than 101071 The presence of
coagulopathy was defned as & prolonged prothwombin dme
andlor activated partial theomboplastin tme in addiden to
hypobibrinogenemia and/or increased levels of Bbein degradarion
products or D-dimers,

Statistical analysis

Dilferences |n the distsibution of varlshles among subsets of
patents were analyred wvsing ¥ and Fisher's exact teses.
Unadjusted tme-to-event analyses were performed using the
Kaplan-Meler estimate,” and, for comparisons, log-rank tests ™
For all estimares in which the event “relapse™ was considered as
an end-point, hematologle and molecular relapse, as well a5
molecular persistence (PHLRARA-positive by RT-PCR at the end
of consolidatdon), were each considered as uncensored events.
The fllow-up of the patients was updsted on Jamuane 15, 2008,
The median follow-up of surviving patients was 25 meomths
(range, 42 to 145 monthe), Mulivariate analysis was performed
using the Cox propordonal hazards model™ All computatinns
were carrled out using 3D, 45 IL and 2L progmms Fom the
BMDF statisties] lbeary (BMDP Seatisticsl Software Ine, Los
Angeles, CA, USA)

Results
Incidence and characteristics of chromosomal
abnormalities

Between Novernber 1996 and June 2005, a total of 739
padents with de mow, genetcally confirmed AFL were
enrolled into the consecutive LPASS and LPASY trials from
82 instimtions in Spain, The Netherdands, Belgium,
Argentina, Uruguay, and the Czech Republic (see
Appendix). Cytogenetic data were not available for 244
cases because cytogenetic studies had not been performed
(n=32) or had Filed (n=191), or for unknown rcasons.
Failures in cytogenetic anabysis were due to the absence of
metaphases (n=124) or either poor quality or insufficent
number of metaphases (n=67). All these patients were
genetically diagnosed hy FISH, RT-PCR or ant-FML stain-
ing. Among the 495 patients (67%), 355 (72%)
had the t(15:;17) tanslocation as the sole chromosomal
abnommality and 140 patients (28%) had ACA; 35 of the
patients had one additional abnormality (67 %) and 45 had
twno or more abnommalities (33%) (Table 1). Trsomy 8 (n=
51), either alone (n = 37) or assodated with other aberra-
tions {n = 14), was the most frequent abnormality (36%),
followed by other less frequent numerical and structural
aberrations lsted in Table 1.

Dual color FISH studies, RT-PCR or both showed the
PMLRARA fusion gene in the 71 patients with available
karyotype in whom the t{15;17) was not detected by con-
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ventional cytogenetics. In 45 of these patients the kary-
otype was normal while in the remaining 26 mses the

karyotype showed other cytogenetic changes but not the
t{15:17) (Table 1).

Cytogenetic abnormailities and disesse characteristics
The main clinical and biological characteristics of
either t{15:17) alone or H15;17) with ACA are shown In
Teble 2. ?mmwﬁmwﬂguﬁmn&yhmphﬂ
counts (P=0.02) and were, therefore, less
uniasatlwmmkﬂ?:ﬂﬂﬂ}mmpamdwﬁﬂmﬂ:wnhuut
ACA. A similar association with platelet counts and
T risk score was also observed according to the num-
ber of ACA FPatienrs with two or momre ACA had signif-
less frequentdy as being at 1|::w-:|15k [P:U.m]mpmt;d
wrﬁ:dms:mﬂlasm@radurtﬁma!dummﬂ
mality. In addition, patients with ACA more £
haimas}ﬂup&ﬂry[ﬁ:ﬂfﬁ‘aﬂd,a]ﬁm:gbth:d:ﬁumﬂs
were not statistically significant, tended to be younger
{(P=0.03) and more frequenty had the BCR3 PMLAARA
mhmﬂ:anpat::mswnist{iﬁ!?}laimz[?:ﬂ.ﬂﬁj The
presence of was sigmficantly associated with
nmﬁ:mard:aglmsﬂ’—ﬂﬂi], coagulopathy (P=0.02),
fibrimogen levels below 170 mg/dL. (P=0.02), male gender
{P=0.05}, serum uric acid levels above 7 mgfdl (P=0.02),
and greater than 70% bone mamow blasts (P=0.03), and

Tabde 1. Additional chromosomal abnommalities in patients with APL
Number and type of  Comventiomal  Cryptic Total

Syar P

abnurmallty HEIT)  HA5AT)  of prtienis RFS
(%) ] ] ]

M. of pafients L4000  TIQN0) SS(00 0 B
N. of chromosomal
ahnormalities
Normalkarnotpe  O(0) 2 G0 SEH 00
t(1317) alome Jen e 380 {83) B
One B {15) non w50y =
Two #E i 5@ 0
Three ar mare Wi I ) 75
Numerical abnormalities 53 (15 s w8
Trisomy § (1 108 5108

Trisomy § alone oM im wm
 Trisomy § + ather n@m @ HE

Other numerical nE 4(8 3@
Stroctural abnormalities 34 (13) w4 M3
Abm{ig) i) M m

Abn{3q) i) om iMm

Abn({lg) ay v i
Abn{1ig) 50 e 3Mm

Abn{3q) im )] am

i{17g) ) 1M 4
Mg 4 om an
Complex variant t{15;1T/* D) 46 )

Other structural 5 1 26.(5)

* compley st 15T Mmu!mwmmﬂg!ﬂhm] o

anither ChTisarme BES selnse dew Sore i’
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Prognostic impact of additioral chromosomal abnormalifies in APL

tended to be associated with lower platelet counts Infivence of additional cytogenetic abnormalities on

{P=D0.07). The clinicopathological characteristics of patients  OUICOME in scuie promyelocytic leukemia

with trisomy B alone did not differ from those of padents Three himdred and twenty-five of the 355 patiens

with trisomy & plus other abnomalities. {91 %) with the t{15;17) alone and 126 of the 140 (20%)
with ACA achieved complete remission. These mtes werne

Table 2. Demographic and basefine characteristics of the study population.

Age. years. 40 {252} L 410243 303 s
18 ar younger B4 nm 181
1830 138 (37) 07 (38) EZ(39)
51-80 ki 41017 g
170 (1) 47 (13) Han
Tlar oider 12 @) 1 im
Gender
Male 121 (30) & 177 (3 6 [34) ik}
Female 123 (30 178 (30 4 45)
ECOG score
Bl 172 [78) L& 3 (7E) 53 0]
23 54 (24 B0 3125
WBC count, XIPL 2.4 {03-184) 071 20 (03460 28 (13-210) T
Less than or equal tn 1.5 143 (35) 29 (54) 04
1310 4 (14) (17 B/
1050 (20 & (18) 1)
Higher than 50 12(3) ) 1)
Plateiet count, x10VL 20 (1-207) s n-an (-1 (1]
Less than or egmd in 40 191 {79) 2l {73) 11 (B3)
_ Higher than 40 oy #m H{n
Less than or eqmal to 14 251 (36) 0.5 38 (98) 13 (35 s
Higher than 1.4 ) v im
Coaguingatiy
Ia M L8 53(28) (D ]
Yes 188 (78] 258 (74) 116 [ES)
Fibrinagen, mgfdL
Less than ar eqaal to 170 182 (37) 031 178 5) 72053 07
Higher than 170 99 {43) 47 {85) B3 (47)
Altemin, gidl
Less than or eqaal in 33 ) 18 & i) (1]
Higher than 4.5 152 (T8) 1 {7 8581
Morphuiogic subtype
Hypergramular 147 (82) 055 58 (5) 113 ®8) sz
Microgranuar H (18 (18 5 (1H)
PMLRARA solorm.
BCRUECRE 132 {80} 47 18 (51 B 18
BCRY 17400 124 (48) 2019
Relapse-risk group
Law 519 173 80 (23) (11 (il
Intermediate 132 (36) 182 (34) B (53]
High BE (23} B (23) 3 26)
AT
Yes naen 1.3 nam 120 LB
Na B0 (T8 1i2{m 5181}
Protocol
LPASS 54 (20) 045 B4 7 (26) 05z
LPASS 190 (7H) 71 (76) 10 (74

T paues of e compornn of pafenn oifou sl ooodre v patees sroeadaly bannatped @ P oclier of the comporvan of paneniy us §1507) alonr wesn
poitints wxth 57150 T) aved oddfions’ olvacencaliie
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not statistically different (Table 3). The complete remission
mtr among patents for whom netic data were
unavailahle or inadequate was not different (8%%, P=0.26).

Concerning the subsequent clinical outcome of patients
who achieved complete remission, a total of 53 relapses
were recorded (34 clinical and 19 molecular relapses,
indluding five with molecular disease persistence after con-
solidation therapy). The ovemll 5-year relapse-free sur-
vival, disease-free survival, and overall survival rates were
B8%, B5%, and 83%, respectively. The corresponding
mtes among patients for whom cytogenetic data were
unavailable or inadequate were B85%, 80%, and 76%
(P=0.28, P=0.12, and P=0.08, respectively).

The results of univariate anabysis of relapse-free survival
are presented in Table 4. In patients with available kany-
otype, when both protocols LPAS6 and 1PASY were con-
sidered together, several variables, such as gender, relapse-
sk soore, morphological subtype, and PMLARARA iso-
form, had a statistically significant progmostic value, but
the presence of ACA did not (P=0.10). When analyzed sep-
arately, trisomy 8 was associated with a statistically lower
relapse-free survival compared with the absence of trisomy
8 (7B% versus 89%, P=0.03). The relapse-free survival was
lower in relation to the number of chromosomal abnor-
malities detected by conventional karyotyping, but the dif-
ferences were not statistically significant (5-year relapse-
free survival of $3% in patients with a normal karyotype;
89% in patients with t{15;17) alone; 86% in those with one
ACA; B3% with two ACA; and 78% with three or more

ACA; P=034) (Table 1). Multivariate analysis identified
relapse-risk soore and male gender as the only independent
adverse factors for melapse-free survival (P<0U0001 and
P=0.08, respectively).

Given the better outcome of the patients treated in the
LPASS trial compared with those in I PAS6, as reported in
previous anabyses of this sefies when patients with and
without available karyotype were included ™" we per-
formed an analysis sepamately by protocol (Table 4). The

Tabde 3. Complete ramission, overall survival, disease-free sunvival and
relapse-firee sunvivad rates in patients with and without additional cho-
mosome abnomalities.

wilier alrormalities

Cuirome (%) %) P

LPASE & LPA8Y patients

Complete remission 5l 1 [
Syear overall survival X & 1)
5-year disease-froe surival 86 2 e
3year relapse-free sunial - 50 1 we
LA patients

Syear relapse-free sunival Bl B s
LPADS paients

3-year relapse-free suneal 52 = wn

Table 4. Univariate and multivariate analysis for relapse-free survival in the study population.
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univariate analysis showed that the presence of ACA at
diagnosis was significantly associated with lower relapse-
Free survival in the LPAS9 trial (B2% versus 92%, P=0.01)
{Figure 1A}, but not in the LPAS6 trial (B9% versus B1%,
P=0.38). In the LPA99 trial, univariate anahysis also showed
alowtrr:[a.pscfm:anal}msfnrpat:ntsmﬂ:tnsumya
(77 % versus 91%, P=0.02) (Fgure 18). Multivariate anabysis
showed Iﬂiatmaddmmm relapse-risk score and male gen-
der, the BCR3 isoform was an independent adverse factor
for relapse-free survival in the LEASS mial, but the presence
of ACA was not.

Discussion

This study shows that y ome third of patients with
AFL have ACA besides the t(15;17). Among these second-
ary chromosome aberrations, trisomy 8 is by far the most
frequent abnormality, accounting for about one third of the
additional abnormalities. In the context of smwe-of-the-art
treatment based on a combination of ATRA and anthracy-
cline-based chemotherapy, the presence of ACA, particu-
larty two or more, or of misomy 8 was associated with
lower platelet counts, a higher relapse-risk soome and lower
relapse-free survival. However, multivarate analysis
showed that neither the presence of ACA nor trisomy 8 is
an independent adverse factor for relapse.

The incidence of ACA in AFL has been consistently
reported to be within the range of 26% o 39%,"" ui-
somy 8 being the most frequent abnomaliny (33% to 53%
of secondary changes). The incidence of ACA and the pro-
portion of trisomy 8 among these abnomalities reported
in the present study, 28% and 36%, respectively, are both
within the ranges reported in the literature. It should be
noted that the prevalence of abn(7qg), the most common
abnommality after trisormy 8, is usually in the range from
5% to 8%, and in our study was 5%, but in a recent
study by the German Acute Myecloid Leukernia Study
Group (AMLSG) the prevalence was much higher (27 % of
aberrations).” This German study was, however, based an
a small series of seven patients d.lspla)m:gﬂ:u.s abnormality

among only 26 patien:s with additional changes.
The relative high frequency of some additional chro-

mosome abnormalities, particularly trisormy 8, may sug-
gest the appropriateness of performing a systematic FISH
analysis including & centromeric probe for chromesome 8
in the diagnostic work-up of patients with APL and per-
haps extending this to the detection of del(7qg). As has
been previously reported,” we found that patients with
t{15;17) not detected by conventional karyotyping had
the same pattern of ACA as patients with conventionally
identified t{15:17), with chromosome B abnormalities
being most common. This finding would suggest that the
ACA are important cooperating lesions in the leukemoge-
nesis of APL.

With regards to clinicopathological characteristics, the
association of ACA with low platelet counts, intermediate-
and high-risk disease, and the presence of coagulopatiy
found in the present study has not been previously report-
ed as far as we know. At the molecular level, a previous
study found a relationship between the breakpoint at the
BCR3 region and the presence of ACA® We did not
demonstrate a statistically significant relation between the

hasmatologica | 2010; B5(3) n.
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BCR3 isofom and the presence of ACA, but there was a
status of the FLT3 gene, has been 5 e
Medical Research Council study™ revealed an inverse rela-
tionship between the Frequency of FLT3/TTD and presence
of ACA accompamnying t{15;17) analyzed by conventional
et al® who analyzed ACA with high-density single-
muclentide i r:ﬁmmymdrmmpy—nmn—
ber-neutral loss of , FLT3ATD
mutations ocourned unlymﬂ:::gm‘upw‘ﬁ\mm
alterations. In ours series, this mutation occurred in a lower
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proportion of patients with trisomy 8 (11.5%) than in
those with other ACA (24.3%) or without ACA (22.8%),
but the differences were not statistically significant.

Although the AMLSG study® reported that patients
dymgdunngmaumnnﬂa:mpyhads:gmﬁwﬁyh:ghﬂ:m-
tial white blood cell counts and a higher likelihood of tm-
somy 8 or abn(7q) as ACA, no other study has found such
an assocaton between cytogenetics and induction out-
come. Indeed, we found that patients with ACA had a sim-
ilar induction death rate as those with only the t{1517)
The assodation observed in the present study between
ACA and coagulopathy, which is potendally implicated in
an increased sk of induction death,” could explain in part
the results of the German study.

As far as we know, only two contradictory studies based
on small series of patients treated in the pre-ATRA era have
previously shown some association between ACA and
relapse ' In 54 patients (44 treated without ATRA), Hioms
et al’ found that relapse-free survival was =i car-
related with karyotype: patients without ACA and with a
low white blood cell count had a significant advantage in
terms of relapse-free survival in comparison with patients
with other combinations of these factors. In contrast, Slack
et al® in a study camied out in B patients tzeated with
chemotherapy alone, found that the presence of a second-
ary chromosome abnormality was associated with a longer
complete remission duration. Our , based on a large
wmnfpanmm:[umhﬁﬁﬁph:samﬂuacydu:—
based chemotherapy with prolonged follow-up, does not
confirm a significant relapse-free survival disadvantage in
AFL patients with ACA. It should be noted that the
adverse prognostic impact of ACA on relapse observed in
the LPAS trial, which was not independent of refapse-risk
score, male gender, and BCR3 isoform, was not observed
in the LPAF6 tral. Apart from differences in sample size
that could explain a different impact of ACA in the I PAGS
and LPASS trials, it is well known that the efficacy of ther-
apy can have a oitcal influence on the prognostic signifi-
cance of other variables. In this regard, previous reports
described a lower relapse-free survival in the LPASS
trial,™"" which may have contributed to altering the prog-
nostic value of many variables, induding ACA. We can
also speculate that the adverse impact of ACA on relapse-
free survival in the LPAS9 trial, which was revealed by uni-
variate analysis, could be masked in multivariate anabysis
because of the assocation of such abnormalities with
intermediate- and high-risk groups and the BCR3 isoform.
It is conceivable that ACA in general, or some specific
abnormality in particular (e.g., trisory 8), might have a
role in generating the factors leading to a poarer risk score.
Further studies to confirm and elucidate the relative impar-
tance of these varables are warranted.

In condusion, this study confirms that one third of
patents with de mows AFL display ACA at diagnosis, tri-
somy 8 being the most fequent abnormality. Patients with
ACA had significantly more coagulopathy; and were less
frequently classified as being at a low-risk of relapse.
Although ACA and trisamy B were significantly associated
with lower relapse-free survival, they were not identified
as mdependent risk factors for relapse, probably because of
their association with relapse-risk score. Until confirma-
tion of this hypothesis, additional therapeutic strategies are
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not reguired in AFL patients with ACA, at least in the con-

text of ATRA ples anthracycline monochemothempy-
based regimens.
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Few studies have examined the outcome
of large numbers of patients with the
microgranular variant {M3V) of acute pro-
myelocytic leukemia (APL) in the alk-trans
retinoic ecid era. Here, the outcome of
155 patients treated with all-trans retinoic
acid-based therapy on 3 clinical trials,
Morth American Intergroup protocol 129
and Programa para el Estudic de la Tera-
péutica en Hemopatia Maligna protocols
LPASE and LPASS, are reported. The com-
plete remission rate for all 155 patients
was 82%, compared with 89% for 748 pa-

tients with classical M3 disease. The inci-
dence of the APL differentiation syn-
drome was 26%, compared with 25% for
classical M3 patients, and the early death
rate was 13.6% compared with 8.4% for
patients with classical M3 morphology.
'With a median follow-up time among sur-
wivors of 7.6 years (range 3.6-14.5), the
S-year overgll survival, disease-free sur-
wival, and cumulative incidence of re-
lapse for petients with M3V were T0%,
T3%, and 24%, respectively. With a me-
dian follow-up time among survivors of

7.6 years (range 0.6-14.3), the 5-year over-
all survival, disease-free survival, and cu-
mulative incidence of relapse among pa-
tients with classical M3 morphology were
B0 (P = 006 compared with M3V), 81%
(P =.07), and 15% ([P = .005), respec-
tively. When outcomes were adjusted for
the white blood cell count or the relapse
risk score, none of these outcomes were
significantly different between patients
with M3V and classical M3 APL. (Blood.
20110;116(25):5650-5658)

Introduction

Approximately 15%-25% of adults and perhaps a somewhat
higher incidence of children with acute promyelocytic leukemia
(APL) have the microgranular variant (M3V) characterized by
leukemia promyelocytes that are generally devoid of or have
only sparse fine granules'® and infrequent Auer rods.” In
addition to the distinctive morphologic features, this variant
form of the discase is associated with unigue biological
characteristics inchuding a higher white blood cell count (WBC)
at presentation® and frequent expression of CD2*!" the stem
cell marker CD34,"" and FLT? internal tandem duplication
(ITDY) mutations. '=1* Several series™'* but not all'*'® reported an
association of the S-isoform of promyelocyte (PML) with M3V,
Classical hypergranular APL and the M3V have distinct gene
cxpression signatures.'” Historically, when treated with conven-

tional chemotherapy, the M3V has been associated with a higher
incidence of early death.” but not necessarily with an inferior
outcome compared with that associated with classical APL. "%
However, few studies in the all-trans retinoic acid (ATRA)
cra have reported the outcome of a large number of patients
with M3V

Therefore, we sought to determine the outcome of patients with
M3V when treated with ATRA-based strategies. In the present
study, we undertook an analysis of 3 large series of patients treated
with ATRA plus anthracycline-based regimens, North American
Intergroup protocol 10129 and Programa de Estudio Tratamiento de
lzs Hemopatins Malignas (PETHEMA) protocols LPAS6 and
LPAYY, to have sufficient numbers of patients to definitively
determine the outcome.

Submitted June 8, 2000; accepted August 30, 2010, Prapublished onling as
Hlgod First Edition paper, Septembar 21, 2010 DO 10,1182/ biood-2010-02-
2roata.
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Methods

Patients with M3V reprstered on either North American Intergroup Protocal
012¢ or PETHEMA Protocals LPASE or LPAYY with a confirmed
dagnosis of APL by either cylopesetics of moleculsr penetics were
amalyzed. The daapnmizs of MIV was egablished when most af the
leukembe cells were devold of granules or had only sparse pranules = The
abnormal promyelocytes had bilobed nueleali with basophibic cytoplem
that varied from faim o strong. Rare cells with muliaple Auver rods wers
found almost invariably. Myeloperozidase and grasulocyle eslerase wers
strongly posilive = 1n classical APL. The morphology establishing the
dagnosis of M3V among patients treated on the North American Intergroup
Prowcol 129 wes cemtrally reviewed by & single author (1.M.B.). The
morphology from the booe merow of MIV pabests tested on the
PETHEMA proioools was not centrally reviewed The diagnoses wers
confirmed either ey ically of mobeculardy m &11 3 studies.

Morth American Intergroup Protocol 10129

The results of the Monb American Inlergroup Protocol 10129 have been
previously reparted ©2° Brielly, patieals registered to Norkh Ameriean
Proweol 1129 were randomly sssigned for isducton o receive either
ATRA or chemotherapy, which included dsunorubicin plus eylarabine.
Patients sssigred to ATRA were to receive 45 mpfn’id orally in 2 divided

MICAQGRANULAR VARIANT OF PROMYELOCYTIC LEUKEMIA - 5651

Definition of the APL differentiation syndrome

For pathents an 10129, APL differentistion syndrome (DS) was defined 25
pwklwhgmnquumatm:mﬂywmm@hmdfm
weight patn, respiratory dastress, v infileraies, andior
phwﬂmp&masﬂms“"mﬁﬁmmnf&musm
palsents treated on the 2 PETHEMA protocols matched that wsed for
patsents on 10129 excepl thar renal feilure, msell defined as & crestinine
above the upper limil of narmal, was also consadered a crilerion for the
ns

Statistical analysis

Deseriplive stststical anslyvsis was performed 1o assess patienl haseline
characteristics. The Cochran-Maniel-Haensee] tes) was used for compari-
son of caegorical varishles and 2 siratified Wilcoxon rank-sum st was
wsed for comparison of conlinuous varshbes. All lests were stratified by the
source of patients: 10129, LPASS, LPASY,

Owverall survival (05) and disease-free survival (DFS) were caloulased
wsing the Kaplan-Meder method. The stratified Jop-rank tes1 was used for
comparison of Kaplan-Meser curves, stratifying by the sounce of patients.
05 was defined as the time between stan of induction and death from any
cause. DFS was defined as the time between documented daie of CR and
relapse or death from any csuse. Cumulative incidence curves for nelapse
with or withow desth were construcied reflecting ime 10 noarelapse death
as a competing rak. Time o relapse and tme 1o noorelapse death were
d from the docamented dave of CR 1 relapse or nonrelapse death.

doses given every 12 hours. Patienis assigned 1o chemotherspy were 1o
receave deunorubicin 45 mp/mid by intravesous bolus on days 1-3 plus
cylasabine 100 maineid by contimuous intravencus infusion on days
1-7 (DA) All patients schieving a complete remission (CR) with either
ATRA or chemotherapy mmimmdmhdanmm firsl was
wlentical to the fiest § i Py regl amd the second
mcluded high-dose cytarabine 2 pren® 25 8 1-hour intravenous infusion
every 12 hours for 4 consecutive days with dsunorubican 45 mgfndid by
mtravenous infusion on days 1 and 2. For patients bess than 3 years of age,
the second cycle included cytarabine 67 mghkg 25 a 1-hour imravesous
mfusaon every 12 hours for 4 consecutive days with daunorubicin 1.5 mg/
kgt by Intravenows infusion on days 1 and 2. Pebents randomdzed 1o ATRA
were to continue the drog ustl CR occurred or 2 mazimuem of 90 days.
Patiens. coatinuing in CR after consalidstion were randomized 10 either
1 year of daily mainienance ATRA or observation. Patients randomized 1o
chemotlerapy (DA) only for indection and not ATRA were excluded from
all analyses.

PETHEMA protocols LPASE and LPASS

Results of the PETHEMA protocols LPA%S and LPASY have been
previously reparted.” 7% Brielly, the induction regimen consisted of oral
ATRA 45 mg/mid until CR and istravenous idarsbicin (12 mgfa®id) on
days 2, 4, 6, and 8 (all-trars e ackd and idasubicin | AIDA) regimen).
From Movember 1999, the idarubicin on day 8 was omifled for patients
older than 70 years. Patests in CR receivid 3 monthly consolidation
courses. The first course consisted of idarubicin 5 mgfm™d for 4 days, the
second of mitoxantrone 10 mpfmid for 5 days, and the thisd of wasabicin
12 mpfm’id for 1 day. From November 1, 1990 (LPA9Y stady), intermedi-
ate- and high-risk patients, as previowsly defised™ received ATRA
45 mpfmid for 15 days combined with the reinforced single-sgent chenso-
therapy courses 2% Risk of relapse wa estsblished & diagnosis scconding to
a predictive mode] based on pathent lewkocyle and plateler counts &t
diagnosis, = reported elsewhere. ™ Low-risk patients had & WBC less than
or equel o 10 10%L and a plateler count more than 40 % 1091
mtermediate-risk patients had a WBC less than ar equal 1o 10 * 109 Land &
platelet count bess than or equal to 40 % 10°%L; and high-risk patients had a
WHC more than 10 3 10%L.

Patients who tested negative for PMLRARA fusion transeript at the end
of comsalidstion were staned on mzinlenance therapy with oral mercaplopu-
rine S0 mpfm?d, intramuscular metbotrexste 15 mgfm?iwk, and oral ATRA
45 mpfm’ for 15 days every 3 months over 2 yesrs. Details of the
supportive therapy have been described elsewhens 7722
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Patients who were alive without relepse were censored an the tme Last seen
alive and relapse-free. The difference between camulative mcadence curves
in ihe presence of a competing risk was tested using the Gray method™
stratifbed by the source of patients. The impsct of the APL mosphabogy
subiype (M3 v, M3V) on the oulcomes was also exammned in mulvanable
proportionsl hazards model for OF and DFS and multivershle competing
riskes regression model™ for relapse snd nonrelapse death, In muhivarakle
models, age, sex, WBC, platelat, 2nd hemoglobin were included slong with
the APL morphology sublype. All mleraction lerms between the APL
morphology subitype and progroste factors were examined.

Results
Patient characteristics

Patient characteristics are shown in Table 1. A total of 155 patients
with M3V accrued to the 3 clinical trials were analyzed. The
median ape was 39 years (range 3-79). The median WBC was
15.8 * 10%L (range (L60—550 X 10°). Among 748 paticnts with
classical M3 APL, the median ape was 40 years (range 1-83) and
the median WBC was 1.8 » 10%L (range (.2-460 » 10%L). There
was 2 significant difference in WBC at baseline between patients
with M3V and classical M3 (P <t .0001). The proportion of the
relapse risk score at diagnosis, according o PETHEMA—Gruppo
Italiano Malattie Ematologiche dell’ Adulto (GIMEMA) criteria,
for patients with M3V was 15% low, 25% intermediate, and 61%
high risk. Among patients with classical M3 APL, the proportions
of patients among the 3 risk groups were 24%, 60%, and 16%,
respectively. Thus, the difference in distribution of the relapse risk
score between M3V and classical M3 was significant (P << J0D01).
Patients with M3V were more likely to have high-risk disease at
diagnosis because of the higher WBC in these patients.

As to the difference in baseline characteristics among 3 studies
with M3V, WBC was higher in LPADS and LPASS (19.8 > 1091,
15.9 » 10°/L, respectively) compared with 10129 (5.8 x 10%L)
(P =.01), but placlet was lower (19.5 % 10%L, 22 x 10%L,
respectively) compared with 10129 (36 x 10%L, P = J005).

The median follow-up of all surviving patients with M3 and
M3V combined was 7.6 years (range (U6-14.5): 11.9 and 10.9 years
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for M3 and M3V, respectively, on 10129 (range 0.6-14.5) and
10.6 and 10.7 years, respectively, (range 9.4-12.1) on LPASG and
6.4 and 6.9 years, respectively (range 3.5-93) on LPAY9. The
median follow-up time among survivors wes similar between M3V
and M3 (7.6 years) (Table 1).

Induction therapy

Complete remission. The CR rate among all patients with M3V
treated with ATRA-based regimens was B2%, 79%% for patients
treated with ATRA alone on I0129, 77% on LPAYG, and B4%
amang patients treated with AIDA on LPASS. Among patients with
classical M3 treated with ATRA-based regimens, the CR rate was
9%, B0% among those treated with ATRA alone on 10129 and
92% among those treated with AIDA on LPA%S and
LPASY (P = .004 compared with M3V} However, when the CR
rate was controlled for WHC, the difference is no longer significant.
Among paticnts with M3V, the CR rates for those who presented
with @ WBC less than 5 % 10%L, 5-10 * 10%L, and greater than or
equal 10 % 10%L were 9%, 92%, and T7%, respectively, com-
parcd with 92%, 80%, and E2%, respectively, for patients with
classical M3 APL (P = .64). The CR rate did not differ emong the
3 protocols in patients with the M3V,

APL differentiation syndrome. Among all M3V patients
treated with ATRA-based regimens for induction, the incidence of
the APL DS was 26%, 4% among paticnts treated on 0129 and
31% among patients treated on LPA% and LPAYY combined.
Among patients with classical M3 APL, the APL DS developed in
15% of the 748 patients, 29% of patients on 13129 and 24% of
patients treated on the 2 PETHEMA protocols (P = J66) (Table 1)

Early death rate. The death rate within 30 days of the
induction therapy for all M3V patients was 13.6%: 3% on
10129 and 20% on LPAS6 and 12.9% on LPA99 (Table 2). Among
patients with classical M3, the induction death rate within 30 days
was B.4%: 10.7% on 10129 and 69% on LPA% and 7.5% on
LPASY (P = .02). This difference was no longer significant when
the carly death rate accounted for WBC (P = 87). Cause of 30-day
induction death is listed in Table 3. There appears to be no apparent
cormelation hetween hemorrhage and the morphology subtype.
Among M3V patients, hemorrhage was the main caose of early
death in all 3 protocols. The same is true for patients with classical
M3 morphology.

Outcome

(verall survivall The OF at 5 years was T0% for M3V patients
(63% for 10129, 57% for LPA96, and 75% for LPASY, P = .007)
and 8% for M3 patients (71% for 10129, B0 for LPAS, and B4%
for LEADY, P = (06) (Table 4 and Figure 1). However, when the
05 was calculated accounting for the WBC, the difference is no
longer present. Among patients with M3V, the 5-year OS5 rates for
those who presented with a WBC less than 5 % 10%L, 5-10 = 10%
L, and greater than or cqual to 10 % 10%L were 80, 84%, and
62%, respectively, compared with patients with classical M3 APL:
84%, T0%, and 6%, respectively (P = .70, .15, 47 for WBC less
than 53 10°L, 5-10x 10%L, and preater than or equal to
10 % 1091, respectively, and P = 47 for overall WBC adjusted)
(Tahle 5). The =ame result was seen in 2 multivariable Cox model.
When age, male sex, WBC, platelet, hemoglobin, and APL
morphology subtype were included in the stratified Cox negression
muodel, the APL morphology subtype was not significant in 8
(HE = 1.04 for M3V compared with M3, P = 84) (Tahle 6). In
this model, the unfavorsble prognostic factors for OS5 were ape
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Table 2. Early death rate (within 30 days of induction)

B3, % M3V, % P

129 10.7 (2.8 B3 (56 -

LPASE B3 2.1 TR -

LPAgS 7812 129 (23 -

an B4y 136 2.6 o
SIRNCAF] BIFDT Given N pREnTaGEaL

“Sarasliod by shady (128, LPASS, LPARS),

Tabile 3. Cause of death (within 30 days of indwction)

Ma, % MIv, %
iz
Hemorhage 10 (62 5) (509
og 225 00
Cthar 4= (25) 1 509
LPASE
T 2 (a0 a (50
Hemerhage & (59} B0y
0s 2 20 oim
LPASS - -
ilaction B1235) 3025
Hemerhage 20 (508 7 (538
0g 6(176) 2 {154)
GCthar o10) ®n

D5 ndicans APL dfleraniation smorome

=0na respirsiory armest, 1 myocardial ndarction, 1 muiiongan thrombosis, 1 ver
failure.

T0ne myseanial infarclion,

$0ne myseandial infanciion,

greater than or egual to 60 (HR = 3.13, P < 0001), male sex
(HE = 1.55, P = 1003), and high WBC (HR = 2.38, P < 0001}
(Figure 2}.

Disease-free survivall. The DFS at 5 years was 73% for M3V
patients and 81% for M3 patients (P = .0T) (Table 3A and Figure
3\ As in 05, when the DFS was adjusted for the WBC, the
difference in DFS is no longer seen. Among patients with M3V, the
S-year DFS rates for those who presented with a2 WBC less than
5 3 10P/L, 5-10 % 10°/L, and greater than or equal to 10 x 1091
were B4%, T95%, and 67%, respectively, compared with 85%, B0%,
and 63%, respectively, for patients with classical M3 APL (P = BT,
96, .45 for WBC less than 5 % 1091, 5-10 % 10%/L, and greater
than or equal to 10 ¥ 10°L, respectively, and P = .50 for overall,
WBC adjusted) (Tahle 5). A similar result was seen in 2 multivari-
able model. When age, male sex, WBC, plaiclet hemoglobin, and
APL morphology subtype were included in the stratified Cox
regression model, the APL morphology subtype was not significant
in DF5 (HE =091, P = .67) (Table 4). In this model, the
unfavorable prognostic factors for DFS were age greater than or
equal to 60 (HR =231, P< 001}, male sex (HR = L.5T7,
P = {005}, and high WBC (HR. = 270, P << 0001 ) (Figure £). The
maodel was repeated with relapse risk score instead of WBC and
platelet counts. The APL morphology subtype was virtually
unchanged (HR = 0.95, P = EI), and high relapse risk was an
unfavorable prognostic factor (HR = 3.27, P < (0001}

Cumulative incidence of relapse. The S-vear cumulative
incidence rate of relapse (CIR) was 24% for all M3V patients and
15% fior all classical M3 patients (relapse risk unadjusted P = 005}
(Table 7 and Figure 5). However, the 5-year CIR for Jow-,
intermediate-, and high-relapse risk groups were 15%, 14%, and
32%. respectively, among M3V patients and 9.5%, 12%, and 35%,
respectively, for classical M3 patients (P = 64, .71, 62 for low,
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M3 M3V
n S-year, % (5E) 10-year, % (5E) n B-year, % (5E) T0-year, % (5E) P
Qs pizg 150 @R 67 {3.9) 4 B389 &3 29 T
LPASE 145 80 (3.3 TE {3.4) ap BT {51) 5T (8.1) Jor
LPASY 453 8418} - 10 TS 4.3 — =
Al 748 AO15) — 155 0En — 00s LET)
DFS (] 120 65 (4.4) 1 {45 " =TIk} B3y k-]
LFASE 133 80 (3.4} T35 23 5T{10.3) 57 (103} ]
LPaSS 415 86(1.7) - -] BO (4.3 — 24
Al =] 81 01.5) — 127 TIEE — o7 {05
“Comparison botwean M3 and M3V, straified by WBLC.
Table 5. Overall survival and disease-free survival by WBC count
M M3V
WaL L] S-year, % (SE) A0-year, % [5E) L] S-year, % (SE) A0-yaar, % [SE) P
[#1-] BT
o5 ] B [1.6) Bl (1.7 35 B [B.E] B0 6.5 T
= &< 10 &1 70 [58) 70 (L8] 26 B4 (72 B2 (73 K]
=10 121 B8 4.3) B8 (4.4) 1] B2 500 B2 50 AT
DFS 5
o5 521 65 [1.6] B2 (1.8 Ell B4 [G.E] B4 (BB BT
= &< 10 e B0 [5E) B0 8] 28 78 (B3 73 (B3) K-
=10 a8 63 (4.9) 62 (5.00 T2 E7 [5.6) B7 [5.6) A5

“Comparning swarall M3 versus MIV, adjusted lor by WED calegory,

intermediate, and high risk group, respectively, and P = 84 for overall,
relapse risk adjusted) (Table 7 and Figure §). When age, sex, relapse
risk, hemoplobin, and morpholopy were inchided in a multivarisble
competing risks regression analysis, the APL morphology subtype was
apain not significant in CIR (HR = 0.94, P = B1). The unfavorable
progrostic factors for relapse were male sex (HR. = 1.78, P = J03) and
high relapse risk score (HR = 4.06, P << (001

FLT? ITD mutotions. Of 903 patients, only 332 (37%)
patients had FLT ITID status available. Among patients with FLTS
ITD status available, WBC was higher in patients with FLT3 ITD
mutation (median 15.4, range 0L6-550) compared with patients
without mutation (median 1.9, mnge (:2—-133, P = 0001}, and the
incidence rate of FLTF ITD mutation was 17% in M3 and 52% in
M3V (P = 001).

nr =

LB

Among 155 patients with M3V, 62 (40'%) had FLTT ITD status
availehle. The 5-year 05 was 72% for patients with a FLTF ITD
mutation and 63%: for patients without 2 mutation (P = _56). The
S-year DFS was TES for patients with FLT? ITI mutation and 68%
for patients without mutation (F = .46). The 5-year CIR was 22%
for patients with FLTF ITD mutation and 28% for patients without
mutation (P = 64). Among 748 patients with M3, 270 (36%) had
FLT3 ITD status available. The 5-year 08 was T8% for patients
with a FLTF [T mutation and 85% for patients without a mutation
(P = .44). The 5-year DF5 was 74% for patients with FLTF ITD
mutation and 84% for patients without mutation (P = 33). The
S-year CIR was 26% for patients with FLT3 ITD mutation and 12%
for patients without mutation (P = .03).
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Figure 1. Overall survival by morphology.
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Table 6. Stratified Cox regression model
o5 DFS
Hazard ratio Hazard ratio

(95 conlidancs intarval) P {95 confidence intarval) P
hge = By vsage < By 13 (2304 21) < 0061 213 (1.88-3.07) < .om
Malg ve famaka 1.55 (1.17-2.05) 003 157 (1.15-2.15) 05
Inbermediabe vs low WBG 1.80 {0.58-2.35) 8 1.6 pO6ET-2.03) =
High va low WEC 238 1.71-3.32) < 0o 270 (1.86-3 58] == 00
Piatolol (= 28 vs < 40 0.78 {0.56-1.08) a4 077 (0.53-1.11) a6
Hemnaglabin 0,59 (0.95-1.05) T 1.00 (0.84-1.07] 23
M v M3 1.04 §0.72-1.50) B 0.81 (060-1.38) £

WBLC: Low if WBC <5 » 10%L; intermadiate H 5 to <10 > 10301 high H 2= 10 = 103

To investigate whether the patient cohort with FLT? ITD
information represents a random subset, (35 was compared be-
tween the patients without FLTT JTD mutation information avail-
ahle (n = 571) and those with FLTF ITD available (n = 332). The
S-year 08 for the patients without FLT3 ITD information was TT%
and El% for patients with FLTY /TD information available
(P = 46). Similarly, the 5-year DFS wes T9% for the patients
without the information and 81% for those with (P = B0O); the
5-year CIR was 16% for the patients with the information and 16%
for those without (P = .BT). When the analysis was repeated by
APL morphology subtype, a similar result was found (data not
shown).

PML isaform.  Of 174 10129 pts, 108 (62%) patients had the
isoform information. OFf 729 PETHEMA patients, 651 (9% ) had
the isoform information. The detailed distribution of PML isoform
is presented in Table 8. Based on these 759 patients with isoform
data available, WBC was higher in paticnts with S-isoform (median
3.5 ® 10°L, range (.3-210 x 10%L) compared with patients with
ather (L/V/VL) isoforms (median 1.8 % 10°L, mnge 0.2-550 % 10°L,

P = 002). The incidence of 5-isoform is higher in M3V compared
with M3 (58% in M3V vs 35% in M3, P < 001). However, there
was no difference between S-isoform and other isoforms in CR rate
(B9% in S-isoform vs 90% in other isoforms, P = 59), OS5
(HE. = 1.13, P = .45 in univariable; HR = 0.91, P = 55 in multi-
varighle Cox model), and DFS (HR. = 1.34, P = 08 in univariable,
HR = 1.15, P = 41 in multivariahle Cox model).

Discussion

This study of a large number of patients with long-term follow-up
showed that the outcome of patients with the M3V was not
different from that of patients with classical morphology when
treated with ATRA plus anthracycline-based regimens when ad-
justed for WBC or relapse risk score. A potential Emitation of the
data reported berein is the fact that precise quantitative criteria to
establish a definitive diagnosis of M3V is lacking. and not all
patients had the disgnosis of M3V established centrally. Indeed,
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Figure 2. Overall survival by WG,

146



Anexos

5656  TALLMAM atal

LEE

Lo

BUOOD, 16 DECEMBER 2010 - VOLUME 116, NUMBER 25

Figune 3. Diseass-fres survival by marphology.

there are several recognized microgranular variants with subtleties
in establishing the diagnosis.' Some patients may have had the
M3V but may not have been recognized and not included in the
analysis. Furthermore, patients were not treated identically, though
this issue was handled by performing stratified analysis. Patients
treated on the PETHEMA protocols received idarubicin whereas
those on the North American protocol were given daunorubicin, In
addition, the number of cycles and intensity of consolidation
differed. Nevertheless, the patients reported here represent the
larpest series of M3V patients treated with ATRA plus anthracycline-
based therapy.

Historically, before the introduction of ATRA, the early mortal-
ity among patients with M3V APL was reported to be higher than
that among patients with classical morphology, but the CR mate,
except for one series,” and 08 were not clearly inferior. " Early
mortality among patients with M3V may be atiributsble
extensive hemostatic sbnormalities and fatal bleeding, particularly
intracerebral hemorrhege ® Patients with M3V morphology often
hawe hyperleukocytosis.** The outcome of such paticnts appears 1o
be influcnced more by the WBC than the specific morphology of
M3V, (Other factors may also influence outcome among patients
with M3V, It is possible that expression of CD2, associated in some
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Table 7. Cumulative incidence of relapss”

MICROGRANULAR VARIANT OF PROMYELOCYTIC LEUKEMIA 5657

M3, [3%) M3V, n (%)
n S~year 10-year n E-year 10-year P
1iza 120 53 Sl 13 T4 I 2
LPASE 133 15 [3.1) 15 (3.1) 23 3 (10.5) 35 (105 005
LPASS 46 a4 — a5 18 {4.2) = a3
ALL 665 15 [1.4) — 127 24 (38 — Q05T
Frelapse risk Baf
Lrar 168 8523 2523 20 15 (B.2) 15(8:2) B4t
Imomedizio anz 12 [1.5) 1318 a5 14 (5 14 () it
High e 35149 — T2 R (=5 - il

‘Slandard aror given in paenthasas.

“Taking norralapss daath a8 a compaling risk,
TEirafiad by stwudy (0120, LRADG, LPASD],
$Siratfind by relapse sk

reports with M3y* 8810101339 may he related to the hyperlen-
kocytosis observed. This may be attributable to interaction with
its ligand CD5E or lymphocyte function-associated antigen 3, a
cell surface glycoprotein, which induces proliferation of T cells
to which it mediates adhesion.®® In our study, CD2 expression
wis not determined. It is also possible that the hyperleukocyto-
sis associated with the M3V is attributable in part to expression
of the FLT? gene mutation.''? Some, '* but not all, reports 3637
have demonstrated a relationship between the presence of the
FLTH gene mutation and induction death in patients with APL.
Furthermore, a recent study suggested that increased ITD
mutantfwild-type ratio or longer ITD size was associated with a
shorter 5-year relapse-free survival * We did not examine the
correlation of patients with high allelic ratio of the FLTT gene
mutation with M3V, which may be important in unraveling a
potential association of FLT3 mutations with M3V andfor
hyperleukocytosizs in APL. However, we did find that the
mutation rate appears to be higher in M3V compared with M3,
although the sample size that resulted from missing data is a
limiting factor. Telomerase activity and telomere length appear
to correlate with disease progression and relapse among arsenic
trioxide—treated patients.”™ In our analysis, there was a correla-
tion between the S-isoform subtype of PML and M3V morphaol-
ogy There may well be other as yet unidentified factors, likely
malecular and currently elusive, for which WBC serves as a
surrogate, which determine the prognosis of patients with the
M3V,

ekt b

Figure 5. Cumaulative incidence of relapse.
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The significantly higher indoction death rate, atiributable to
bemaorrhage in 50% or more of patients, observed in patients
with M3V compared with those with classical M3 was influ-
enced by the association of morphologic subtype with WHC.
This finding was reported in a previous PETHEMA study, in
which morphologic subtype had a prognostic impact on induc-
tion death rate in wnivariable, but not in multivariable, analy-
5is.*" Regarding other outcomes, such as DFS, CIR, and OS5, a
similar finding of the impact of morphology on prognosis was
observed in univariable analysis, but again it was a result of its
association with WBC and relapse risk score, as previously
reported. 72

The difference in the incidence of the APL DS between the
10129 and LPA trizls requires comment. The incidence of the APL
D5 on the 10129 trial was 29% (43 of 150) among all patients with
APL reeciving ATRA during induction. ™ Of these 43 patients, 41
had classical M3, and only 2 had M3V, Onec of these 2 patients with
M3V was erroncously identified as having APL DS and thus
subsequently excluded from further analysis.® Few paticnts with
the APL DS in this early trial were identified as having the M3V
despite central morphologic review by one person. It does not
appear that the diffi can be explained by a higher incidence of
pediatric paticnts, suggested as having a higher incidence of M3V
morphology, in the LPA trials because the incidence of the APL DS
was 6.2% on the PETHEMA trials, and on the 10129 trial it was
13%. In addition, the expanded definition of the AFL D5 in the
PETHEMA, trials does not provide an explanation because there
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Figure 5. incidence of relapse by relapse risk score.
Table 8. Distribution of Iscform type
M3, m (%) MV, A %]
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Isaform in=191) {n=137) {n = 35%) n = &23) (n=17) i = 30y in = B8j {n = 138) P
L 51 (56) T2 (53 20 {51) 24 (82) a(83) 10 () 3 (40 55 {ad) -
g 32 (35) 53 38y 148 {370 23337 817 20 [&7) 5157 T8 [58) =< per*
v e (7 103 2T o o 101) 1(1) —
VL a 302 36 (6 Q Q 1(1} 101} =
*S-isotanm type vs ofer, s¥atified by stucy (10129, LPASS, LEASS).
were no patients diagnosed with D3 based solely on the presence of
renal failure. A contributing factor may be the fact that there was Ack led t

ceniral pathology review for paticnts entered in the North Ameri-
can Trial and not for the PETHEMA patients.

ATREA remains the mainstay for all subtypes of APL, including
M3V, Despite the higher risk of complications reported among
patients with M3V, the addition of ATRA markedly improves
outcome 25 demonstrated in the large series reported here. At the
present time, patients with the M3V do not require treatment
maodification based on the morphology alone. Given the apparent
high incidence of the FLTF genc mutation in M3V and the less
favorable prognosis among patients with a high WBC, it is of
interest to speculate as to a possible role for FLT3 inhibitors in
treatment of patients with the M3V, However, the availability of
several very effective agents likely makes this possibility prema-
ture. Interestingly, coexpression of the PML-RAR-alpha with the
FLT3 ITD in myeloid progenitors in a mouse model leads to a
disease with morphologic features resembling M3V.*2 Neverthe-
less, the M3V itself does not independendy predict for a less
favorable outcome compared with classical M3 AFL.
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Thiz Matherlands

The expression of CD58 antigen in acute
promyelocytic leukemia (APL) blasts has
been associated with short remission du-
ration and extramedullary relap We

two patients (11%) were CD56™ [expres-
sion of CO56 in = 20% leukemic promyelo-
cytes). CD56" APL was significantly

investigeted the clinical significance of
CD58 expression in a large series of pa-
tients with APL treated with all-trans reti-
noic acid and anthracycline-based regi-
mens. Between 1596 and 2008, 651 APL
patients with available data on CD56 ex-
pression were included in 3 subsequent
trials (PETHEMA LPASE and LPASS and
PETHEMA/HOVON LPA2005). Seventy-

iated with high white blood cell
counts; low albumin levels; BCR3 iso-
form; and the coexpression of CD2, CD34,
CD7, HLA-DR, CD15, and CD117 antigens.
For CDS6' APL, the S-year relapse rate
was 22%, compared with a 10% relapse
rate for CDS5&  APL (P = .006). In the
multivariste analysis, CD56 expression
retained the statistical significance to-

gether with the relapse-risk score. CDSE*

APL also showed a greater risk of exttramed-
ullary relapse (P < .001). In summary, CD56
expression is associated with the coexpres-
sion of immaturity-associated and T-cell
antigens and is an independent adverse
prognostic factor for relapse in patients with
APL treated with all-trans-retincic acid plus.
idarubicin—derived regimens. This marker
may be considered for implementing risk-
adapted therapeutic strategies in APL. The
LPA2005 trial is registered at hitpall
www.clinicalirisls.gov as MCTOD40BZTE.
(Blood. 2011;117(6):1799-1805)

Introduction

Several investigators have suppested a relationship between the
expression of CD56 (neural adhesion factor) antigen in the surface
of leukemic hiasts and bath short remission duration'= and development
of extramedullary relapse? in patients with acute promyelocytic leuke-
mia (APL) However, this relationship has not been yet established. In
fact, only one of these studies was performed in a relatively large
population of AFL patients receiving a state-of-the-art treatment with
all-trans retinoic acid (ATRA) and anthracycline-based chemotherapy.”
With negard to the incidence of CD56-positive (CD56" ) APL and the
association with other clinical and biologic variables, very little informa-
tion has been published. -

In this stady, we set out to assess the frequency of CD56 expression,
its relationship with a broad variety of clinical and hematologic feanres,
a5 well as its prognostic value in a larpe series of patients with newly
diagnosed APL who were enrolled in 3 consscutive triaks of the
Programa Espaiiol para el Tratamiento de Enfermedades Hematobdgices
(PFETHEMA) and Hemato-Oncologie voor Vohwassenen Mederland
(HOVON] groups.

Methods

Eligibility

Patients enrolled in the consecutive mulicenter FETHEMA LPASE and
LPA9Y mak and PETHEMAMHOVON LPANNOS were required 1o keve a
diagnosis of de novo APL with demonstration of the 1 15,1 7) or PMLRARA
rearrangements. More detals aboul general exclusaon and inclusaon crbena
hiave been reporisd elsewhene. OF the 1208 patients incladed in the 3 trals
(LPASE, n= 172 LPAS9, o= 360; LPAJODS, o= 476), 651 patents
(34%) had available the percentage of APL leukemic promyelocyies
expressing CIDG6 surface antipen and wene evaluable for the present siudy.
Informed consent was oblaned from 2] patents. In accordsnce with the
Dieclaration of Helsinki, the protocal wis sporoved by the Research Eihies
Board of each participating haspatal.

Therapy of APL

Induction theragy consisted of oral ATRA snd idsrubicin piven s sn
mtravenous balus on days 2.4, 6, 2nd § (ATRA plus idanubicin, je, AIDA
regimen). In the LPAYS and LPAS0S iriaks, patients older than 70 years of

Submithed April 1, 2000; accepied Novembar 27, 2010, Prepublishad onling as
Blood First Edilion paper, December 8, 2010; DOl 10.1182%blcod-2010-
02377434

Thiz pnling warsion of this aniche comains a data suppement
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Consolidation Therapy

Course #1 Course 22 Course £3
AN 1pase DA & mgim%d x & MTZ 10 mgim’id x § 10 12 mgimid x 1
LPASS DA S mgimid x4 MTZ 10 mgimid x § DA 12 mgim'fd x 1
=
_— 2
a DAS xd MTZ 10 mgim®id x 3 MOk 12 =1
& e | i || amnseamss || omsaswss | &
@ = =
Z =] 0& T mgimiid x 4 MTZ 10 mgém*id x & 104 12 mgimid x 2 a -
S Interm LPASY ATRA 45 mgim#id x 18 ATRA 45 mg/m¥id x 16 ATRA 45 mgim'id x 16 £ >
= = risk e o™
8 DA 7 mgimid x 4 MTZ 10 mgimid = 3 104 12 mgém*d & 2 =
o LPAZOOS  yrma 48 mgim'd x 15 ATRA 45 mg/m*d x 15 ATRA 45 mpmidx 18 =
= ]
=
0A 7 mgimid x4 MTZ 10 mgém'id 1 & 104 12 mpim*id x 2
High | -PASS ATRA 45 mgim*id x 15 ATRA 45 mg/m*id x 15 ATRA 45 mgim*id x 15
‘ (
DA S mgimid =z 4 m“w.. DA 12 mghm'id = 1
LPAZ0OS arac 1000 Jrrq i w4 ATRA 48 mghm’id = 15 Ara-C 190 mgien 788 = 4
ATRA 48 mgim™d = 15 ATRA 48 mgim?id = 15
nm-ﬂmnﬂﬂmﬁdh—-ﬂn_ﬂ.ﬂr MTZ = Ara-C = oy
"High-rak pabents > 50 years were neabed ke ¥ ik
Figune 1. Tharapautic scheduls of the PETHEMA LPASS, LPASS, ard LPAZOOS trials.
age received caly the 3 first doses of idarubicia &7 All pal; in X Ler rerndsaion wis defined as the di on an elhidinm bromide gel

M{CR]MM}W}WMM&W
based chemotherspy. The comsolidation schedule in the 3 consscutive
protocols has been previously describad™ and is shown in the Figure 1.
Aftler completion of consolidation, petbents who tested negative for
PMI/RARA were started on maintenance therapy, & described elsewbere,®
with ingermittent ATRA znd low-dose chemotberapy with 6-mercaplopurine
and melhotrexste for 2 years.

Multiparameter flow cytometry

Inmunopbenotyping was performed on bore marrow samples collected a0
APL dizgrosis. Leuken aeIJ Iysis was performed an bocal or refenence
h‘uummﬁmby d fl ence methods by ihe use of

monoclonal antibodies dirccted agsing CDZ, CDT, CDY, CDIIL, CD13,
CD15, CD19, CD3E3, CDG34, CDS6, CD117, and HLA-DR surface snligens.
The inclasaon of anii-CINSE in the panel antibodies was performed at the
cenler's diseretion. Multiparametrie flow analyss was pedformed by the
wie of 3 or 4 colors on a Bow cytometer. Leukemic promyelocybss wens
gEied on b basis of their unigue side-scater/CDM5-positive andios
CD33%homogeneous immunophenotypic profile, in both hyper and
hypograrulaied cases; CDMShi expression with $5C1o was used 1o further
exclude Teells and other lymphocytes from the gate. In addition,
CD3 andfor CDS antigens were routinely incleded in the dagnostic sel o
rule oul contamination of the gated leukemic promyelocyiles by mature
T cells. Following the BGIL eriterta,” a sample was defined as posative if
= H% aof leukemic promyelocyles expressed & specific antipen in the cell
surfame. The oaly exceplion was the CD34 marker, for which a cuolf level
af = 10% expredsing cells was required in line with previous reporls an
APLA* Expression of CDS6 was systematically assessed with sensitive (eg,
phycoerythean) Duorochrome-conjugated antibody reagents.

Definitions and study end points.
Rmmmdumnmmmswasmmmmﬂmgmumudmm
by Cheson e 20 For morphologs af |} i

was requined that sefficient tme had pessed 1o allow for full termnal
differestiation of the malignant promyelocyies (up to 40-50 days). Mabscu-

153

af the PMLIBARA-specific band viswalized ot diagnosis by use of reverse
transeription polymerase chain reaction (PCR) assays with & seasitivity
bevel of one cell in 107 Moleculsr persistence was defined a5 PUR
positivily in 2 consscutive bone marrow samples sollected a1 the end of
consolidation therapy, Molecular relapse was defined as reported else-
where."! Genetic diagnosss of APL with the use of reverse ranseription
PCR, anti-PML stsining, of cylogensiic lests was requined for the diagnoss
af overt bematologic relapse. Central nervous sysiemn (CNS) relepse was
cmﬁnmdby]mbupmmdqwhp:umdw
fuid, which was pesfarmed anly in § with ¢l Iy 4 CNS
relapse. Extramedullary relapse in other localization {eg. skin) was
confirmed by histopathobogy.
Mmm&mﬂaﬂdmﬂmvﬁyﬁr@ﬂmm&m

were 4 1oy estabizsh their relationshap 1o CI56 expressaon.
“&mhﬁddndﬂﬂhﬁhﬂnwlﬂlhuﬂ&num]yﬂ
also the following variables: wial body surfsce; liver and spleen enlarpement;
coagalopathy; bernartagic syndrome &) presentation; serumn levels of lactae
periphers] bloond Blas cousit and blas cell percentage: bone marmow ssparale
celhularity, peroxidase neactivity, and blss sell peroentage; and CIN 3, CDI9, and
CI33 surface antigen mackers.

Daspnosis and gradstion of the differentiation syndmme was msde acoondng
1o the previously defined eriteria ' Cospulopathy was defined & a proloaged
mmmwwmtqﬂnnmnﬁﬂu&u
Hypoiib andior 1 d levels of fibAn degradation products o
Dﬁmmmc&nﬂumqlil?]ﬁumm
cheoenesomal abeormslites sccoedingly 1o previously defined criteria ™ The
patenl performance sahs &8 dispnosis was mesured using the Esaen
Coaperative Oncology Group (BODG) seale. Risk of relapse was establisbed a1
dhagnosis ascording 1o & prodictive model on the basx of patient leukocyte anmd
platclet courns a diagrosis, as repaned elsewhene. '

h

Smatistical analysis

The yx* test, with Ysies comection i necessary, was used to analyze
differences 1n the distribution of caslegorical varsbles between patiesl



Anexos

BLOOD, 10 FEBRUARY 2011 - VOLLIME 117, NUMBER & CLNICAL SIGNIFICANCE OF CDS6 EXPRESSION INAPL 1801
Table 1. Demographic and baseline patient characteristics according to CDS56 expression
COS6-positivi COSE-negative
Characieristic Median {range) e (%) Median jrange) Ne. (%) P
Crvarall T2 (100 STR {1000
PETHEMA trial
LPADS 408 TE(H AT
LPaaD 41[57) 209 (50
LPAZOOS 27 (a7} 218 (37)
Age, ¥ 41 {5-74) 40 (2-81)
=18 57 &2 (11) rr
18-40 Ll ] 235 (41}
4180 (=) 185 (33
= &0 15 (21} BE(17)
Sex
Malka 33 (48] 54 )
Ferale a8 (54) BBT (26)
ECOG 1{0-3) 1 (0-3)
o1 4871} a3 (78) 08
23 20 (23] 106 (21}
Fever
Mo 48 (89) 356 (82) A7
Yoz 22 (1) 230 (38
WBC coumt, w 105 3.8 [4-162) 2.6 (02480, oy
= 5 38 ) 60 (8T A8
&10 10 (14) 50 (9}
10-50 1521} 132 (23
= 50 a1} ar iy
Platalat count, = 108 20 {2-155) 23 [1-228)
= &0 54 [TE) 284 (TT) <}
=40 18 (22 135 (23
Felapse-risk group
Lrw 12017} 106 {19 k-]
imamedizie ar (s1) 3 (52
High 23 (3] 168 (28
Hemoglabin, gidL 8.5 (4.6-14.3) 9.4 (28-159)
=10 4T (5] 345 (80 41
=10 25 (35) 230 ja)
Fibrinegan, mofdl 174 {40-827) 130T
=170 a2 [49) 30 (54) A5
=170 3351 255 (46)
Albumin, gidL 39 (2345) 4.001.7-60) oz
=35 19 31} &7 (15) e
=35 43 (&) 406 (81}

ECOG indicales Easiam Cooperatve Onoology Group; PETHEMA, Programa Espaficl para el Trasamiamio de Enfermedades Hemaloidgicas; and WEC, whibe biood cpil.

Promg sonlifusus

subsets, The Smdent ropest was wsed 1o analyee continwows varishles
following a normal distribution and the Mann-Whitney L7 west for data that
failed the normmakbity test. Unadjusted time-lo-event analyses wene per-
formed by use of the Kaplan-Meier estimate'® and, for T80,

imaan WBG 17.5 v 13.5, P = .03, and mean albumin 3.8ve4.0, F = 00Z)

(P < 1) and, if available, those for which previous studies had sugpesied a
possable relatiorship. Multivariste anslyses wens performed by wse of Cox
mode] for DFS and 05" and Fine and Gray mode] for CIR.* Missing data

log-rank lests.'® The probability of relapse also was estimated by the
cummlative incidence method (for marginal probabilivy)."* Owverall sus-
wival (08) was calentated from the dabe of slasting nduction therapy,

h ketive incid af nelapse (CIR) and disease-free sarvival
(DFS) were cabeulabed froem the date of CE. In the snalysis of DFS, relapse,
development of secondary myelodysplestic syndrome or scute leukemia
(-MDSA-AL), and death in CR were considered uncensored evenls,
whichever occurred first. For cumulative incidence analysis, death in CR
and development of -MDSA-AL were comsidiensd &5 & competing chse of
failare. For a1 estimates in which the event “relapse™ was considered as an
end point, oven morphologic and moleculbsr relapse, as well as molecular
persistence al the end of consobidation, were sach considered as uncensored
events, Patent follow-up was updsied on March 15, 2010, Charscleristics
seleeted for inclusion in the mullivariae anslysas were those for which there
was some indication of & sipgnificant ssociation in umivarksle anslysis
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were substilmted by the mesn valwes from patients i whom dats were
available ' All P values reponied are 2-sided. Computstions were per-
formed by wse of the 30, 45, 1L, LE. and 21 programs from the BMDE
statistical library (BMDP Swatistical Software], and B 292 software
packape for CIR and Fine and Gray mmodel.

Results
Patient characteristics according to CDS58 expression

Between December 1996 and December 2009, 651 consecutive
patients in whom the results of the analysis of CD56 surface
antipen expression at diagnosis were available are the subject of
the study (79 patients in the LPAS6, 330 in the LPADY, and 242 in
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Table 2. Biological features of APL according to CDSE6 expression
CD56-positive,  CDSE-negative,

Characieristic no. (%) no. [%5) P
Cwvarall TE{100 579 (100
Morphologic subtype (n = 545)
Hypargrandar 572 461 (B0} g
Microgranular 20 (28) 113 (20}
Cyloganatics (n = 478)
WIE1T) ar(ra) a7 (72) a7
HISAT) plus othar” 13 (26) 109 (28]
FLT34TD mutations (n = 243)
Pasitiva 10 31) 4 (26) A
Mogative 22 (58) 18T [74)
PML/AARn isclanm (n = 576}
BCR1BCAZ 25 (38) 08 (50) < 0
BOR3 40 (§2) 203 [40)
D2 (n = 538)
Pogitivg 25 (46) 117 24) <= 0o
Hogative 26 (5a) 35T (T8
COT {n = 505)
Posilive 9{18) =215 < 00
Bogative 40 (82) 434 (58]
Cof {n = 189)
Pasilive 11 (65) B4 (37 i ]
Nagative B {35) 108 (63
CO11b {n = 464)
Pagitive BT} (B o7
Bogative 38 83y 84 (52)
CD15 [n = 555)
Pasitive 26 (83) 128 (26) o4
Magative M (5T) 36T [74)
£034 [n = 607}
Paositive 30 (=83 117 [Z1) < 0
Bogative a2 (52 A28 (78)
CDNT (n = 536)
Pasitive 50 (88) 38T (T4) e
MNagativa T2 124 (26)
HLA-DA {n = 565)
Pasitive 10 {18) 24 (8) oo
Megative 46 (82) AES [55)

*Pius other additional chromosomal abrormalifes.

the LPA200S trial). Patients were from E5 institations from Spain,
The Metherlands, Poland, Arpentina, and the Crech Republic (see
supplemental Appendix, available on the Blood Web site; sce the
Supplemental Materials link at the top of the online article).
Median follow-up of the series was 70 months (range,
3-158 months) from diagnosis.

Seventy-two of 651 patients (11%) showed expression of CD56
ranging from 20% to 100% (median, 705%). The main clinical and
biologic characteristics of CD56% APL patients are shown in Tables
1 and 2. Conceming the demographic and clinical characteristics,
the white blond cell (WBC) count at haseline was greater among
patients with CD56* APL (P = 03}, whereas serum albumin levels
were lower (P = .002). There was a trend toward a8 greater
proportion of patients with ECOG performance status grade 2-3 in
the CIX56™ group (P = .(6; Table 1)

Regarding other biologic features of APL, patients with CD56
APL presented more frequently with BCR3 isoform (P <2 001},
CD2* (P= 0013, CD34° (P< 001), CDT* (P < .001), HLA-
DRY (P=.001), CD15* (P= 004), and CDI1T* (P = .02}
There was also a trend toward a greater frequency of microgranalar
morphology (P = 09), CD11b" (P = 07), and CDY" (P = .0;
Table 2).
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Induction results

Ovwerall, 595 of the 651 cvalusble patients achicved morphologic
CR (91.4%). As shown in Table 3, 61 of 72 patients (85%) achieved
CR in the CD56" subgroup, compared with 534 of 579 patients
(92%) in the CD56 group (F = .04). No significant differences
were observed in the distribution of the different causes of death
between the CDS6% and CDS6 cohorts. The incidence and
sewerity of differentintion syndrome were similar among patients
with CD56™ and those with CD56~ APL (Table 3).

After multivariate analysis, the regression model for induction
death selected the following adverse factors: abnormal creatinine
level (P << (0001 ), WBC count greater than 10 > 1091 (P < .0001),
ape older than 60 years (P < 0001 ), male sex (P = J0004). ECOG
maore than 1 (F = 009}, and CD56 positivity (P = J02).

Postremission outcomes

Sixty relapses occurred among the 595 patients who had achieved
CR (4 molecular persistence, 15 molecular relapses, and 41 clinical
relapses), 12 among 61 CD567 patients and 48 among 534 CDS6~
patients. Seven relapses involved extramedullary sites (6 in CNS
and ] in skin), of which 4 cccurred among CD56" patients. In
addition, 13 patients died in CR (1 in the CD56™ group), and
10 paticnts developed --MDSM-AL (2 in the CDS6" group).

Relapse rate. The 5-year CIR rate in the CD56™ cobort was
22%, whereas for CD56~ APL it was 1090 (P = J006; Table 3 and
Figure 2A). For patients in the LPA96 trial, the 5-year CIR rates for
CD567 and CD56- patients were 50% and 10%. whereas in the
LPAYY trial they were 18% and 11%, and in the LPA2005 they
were 25% and 7%, respectively (P = 003, P = 29, and P = 01,
respectively)l. According to relapse risk groups, the S5-year CIR
rates for CD56* and CDS6~ patients were 21% and 5% (P = 07}
in the low-risk group, 17% and 6% (P = .02) in the imermediate
group, and 35% and 22% (P = 24) in high-risk patients (Figures
2B-D). In the multivariate analysis, CD56 expression retained the
independent predictive value along with the WBC counts (Table 4).
The 5-year cumulative incidence of extramedullary relapse was
significantly preater in CD356° patients compared with those
CD56 (7.0% vs 0.T%, P << .001; Teble 3 and Figure 3).

Tabile 3. Treatrment results according 1o COSE6 expression

CD¥-peaiive  COSE-negative
Na, of Hoaf
Charactariatic patiorts % patients % P
Charall 7 100 L7 100
Inductian auteams
Complete remission &1 -] 3e & o4
Causes ol mdusion daath
Hemarhage & (1] 265 45 53
Infietion 3 42 11 14 A1
Cifferentiation syrdrome 1 14 1 as g}
Thrombass/infarction 2 28 2 ae 06
Ditferentiation gyndromat
Savere mn % ] 12 5]
Moderats 0 14 &0 14
Azser 45 T aar T4
Postramission oulcomes #15 y
CIR 22 ] 008
CIR (ammadulary] 70 Q7 <M
Disease-iroe sl T3 BS o2
Crvacal gundval Ta B4 o8

CIR incicalos clamulaive insigencs of rlanos
“0re patian among the CRSE - cohdrl was CONGICkead A5 SR,
1A total of 36 patierts ware evaluabie for cifieremiation synorome.
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Figura 2. Cumulative incidence of relapse in APL patients accarding to CDSE expression, (4] Overal seres. (B) ow-risk patents, (] ineemaciate-fisa patiants; and

{0} high-ris patients,

DFS and 08, The 5-year DFS rates were 73% in the CD56°
cohort and 85% in the CD56 cohort (P = .03). The probability of
remaining alive after 5 years was TE® in the CD56" group and
84% in the CD56° group (P = .0%; Table 31

Discussion

This study shows a prevalence of CD56™ APL in 11% of newdy

diagnosed patients with APL. The expression of CIDD56 antigen was
correlated with the BCR3 isoform and the coexpression of other

Table 4. Statistically significant variables in univariste and
rmultivard yeis for

1ap
Multivariate
Urrtavarable Unvarinte __ ®noiysls
Cavariate categary analysia P HR(95% Cl) P
WEES coum = 10 % 10 =0m  as(izizs m
e High = inerneciate = kow = 001
categery
PMURARA Bolom ACRS P
e \mgrarutr a0
sublype
CcosE Pasive M 2apnz4s o
coe Positve N
o4 Pasive o

Cl indicates confidence imeral; HR, hamed rafio; and WIS, white blood osll.
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surface antipens, such as CDZ2, CD34, HLA-DR, and CD7. The
results presented here confirm that the expression of CD56 antipen
is an independent risk factor for predicting relapse in patients with
APL treated with ATRA and anthracycline-based regimens, along
with the APL relapse-risk score, which is a compaosite of WBC and
platelet counts.™ In addition, CD56° APL had a significantly
higher risk of extramedullary relapse.

The present study analyzes the clinical significance of CD56
expression in a significantly larper series of APL patients comparned
with previous studies, in which only the Gruppo Italiano Malattie

S
1 g - - - - = L]
Lo s - L] L] - - .

Figura 3. Cumulative incidence of extramedullary relapss in APL patienits

- COSE
g o
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Ematologiche dell” Adulto (GIMEMA) study included a sizable
number of patients (100 patients). As in previous studies, we used
the cut-off level of 20% of leukemic promyclocyies expressing
CD56 antigen to define CD56% APL.' The frequency of 11% of
CD56% APL here reported is not dissimilar to thel2% to 15%
values found in other studies. ™ It should be noted that in the
current multicenter study, as in previous studies that analyzed the
prognostic impact of CDS56 in APL,'? immunophenotypic analyses
were not performed centrally, preventing a systematic standandiza-
tion of fow cytometry. A further limitation of our study is the
possible selection bias because not all centers performed cytomet-
ric analysis that included anti-CID56 in the diegnostic panel. This
limitation leads to a considerable reduction in the sample size to
almaost half compared with the total series.

Concerning the biologic features of CDS6% APL, our study
shows a significant correlation with the BCR3 isoform™* and CD34
coexpression,? as has been previously ohserved. Furthermore, we
found an association between CDS56% APL and expression of
additional immaturity-associated markers, such as CID17 and
HLA-DR entigens, as well as natural killer (NK) and T-cell
antigens, such as CD2 and CD7, which have not been previously
reported. The higher frequency of coexpression of stem-cell and
NE-cell antigens in CIX56° APL may suggest that in some of these
cases the APL might have arisen in progenitors that have not
undergone lincage restriction.*** Interestingly, we found a trend
indicating an association with the M3 variant morphology, which
has been previously related to CDZ and CD34°* but never CD56
expression. The relationship between CD56 expression and WBC
counts confirmed in our serics had been suggested in previous
studies, although without statistical significance, probably because
of the small sample size in those studies.'? However, we were
unable to confirm the relationship between fibrinogen levels and
CD56 expression suggested by others.!

The higher induction mortality rate in CD56° patients observed
in our series treated with the AIDA regimen confirms a similar
observation previously reported,! although many of these patients
did not receive a state-of-the-art treatment. Probably, the higher
induction mortality rate in CD56% APL was attributable to its
association with other recognized adverse factors for induction
response™; however, multivariate analysis showed that this immu-
nophenotypic feature had an independent prognostic value.

As suppested in previous studies,'? we demonstrated that CD56
expression has an impact on the relapse rate and also confirmed its
independent prognostic value as in the GIMEMA study.? Interest-
ingly, the CD56 expression was able to distinguish a subset of
paticnts with a greater risk of relapse in the intermediate-risk
category, whereas its usefulness in low-risk patients needs to be
confirmed in larger series. Moreover, the prognostic value of CD56
in high-risk APL seems insignificant. Of note, the expression of
CD56 was associated with a higher relapse rate in all 3 PETHEMA
trials, although the differences were significant in the LPAY6 and
LPAZ005 trials, but not in the LPAY.

The reason why an elevated CD56 expression leads to a greater
risk of relapse remains uncertain but at least 2 hypotheses can be
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proposed. First, as we have alloded to previously, CD56% APL
may emerge from a more immature undifferentiated and ploripo-
tent leukemic stem cell that is less sensitive to the combination
of ATRA and anthracyclines. CI¥56 expression has been associ-
ated with the expression of the multidrog resistant marker
P-glycoprotein in patients with acute myeloid leukemia with
t(§;21).* Unfortunately, in the cumrent study the expression of
the multidrug resistance markers has not been assessed. Second,
the implication of CIX56 expression in the development of extramed-
ullary relapses found in our study has already been hypothesized in
a previous study by Ito et al.” In this study, 3 of the 4 CD56* APL
patients developed extramedullary relapse, compared with none of
the 24 CD56™ patients. Of note in this respect, the expression of
CIx56 has been associated with extramedullary involvement in
nonpromyelocytic acute myeloid leukemia ™

In addition to confirm the prognostic value of CD56 expression,
this study also provides new insights into the clinical features of
CD56™ APL. CD56 expression is associated with some clinical and
biologic features, such as increased WBC counts, BCR3 isoform,
and coexpression of immaturity and NEK-cell antigen markers. It
should be noted that, despite this association with WBC counts, the
regression model for relapse risk selected both as independent
adverse factors, WBC count greater than 10 % 10%L and CD56
positivity. If the independent prognostic value of CID56 expression
in APL cells is confirmed, it should be considered for designing
future risk-adapted strategies.
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Background
The prevalence of and dsk factors for central nervous system recurrence in patents with
acute promyelocytic leukemia are not well established and remain a controversial matter.

Design and Methods

Between 1995 and 2005, 739 patients with newly diagnosed acute promyelocytic
leukemia enrolled in two consecutive tdals (FETHEMA LPAS6 and LPA9Y) received induc-
tion therapy with all-rans retinoie acid and idarubicin. Consolidation therapy comprised
three courses of anthracyeline monochematherapy (LPA96), with all-iars retinoic acd and
reinforced doses of idarubicin in patents with an intermediate or high sk of relapse
(LPA99). Central nervous system prophylaxis was not given.

Results

Central nervous system relapse was documented in 11 patients. The 5-year cumulative
incddence of central nervous system relapse was 1.7% (LPASS 3.2% and LPA99 12%,;
p=0.09). The cumulative incidence was 0%, 0.8%, and 5.5% in low-, intermediate-, and
high-risk patients, respectively. Relapse risk score (p=0.0001) and the occurrence of central
nervous system hemorthage during induction (S-year cumulative incidence 18.7%,
p=0.008) were independent sk factors for central nervous system relapse.

Conclusions

This study shows a low inddence of central nervous system relapse in patients with acute
promyelocytic leukemia following therapy with all-rams retinoic acid and anthracyeline
without specific central nervous system prophylaxis. Central nervous system relapse was
significantly associated with high white bload cell counts and prier central nervous sys-
tem hemorthage, which emerged as independent prognostic factors.
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retinoic add, idarubicin, prognostde factors.

Citation: Momtesinos P Digz-Mediavilla [, Debén G, Prates V, Tormo M, Rubio V, Pérez [,
Ferndndez I, Viguria M, Raydn C, Gonzdlez [, de la Serma [, Esteve |, Bergua JM, Rivas C,
Gonzilez M, Gonzdlez [0, Negri 5, Brunet S, Lowenberg B, and Sanz MA. Central nervous sys-
tem imvolvensent at first relapse in patients with acute promyelocytic lenkemia treated with
all-trans retinoic acd and amthracycline momochemotherapy without intrathecal prophylaxis.
Haematologica 2009; 94:1242-1248. doi-10.3324/haematol 2009.007872

©200F Ferrata Storti Foundation. This is an open-dccess paper.

| 1242 | heematologics | 2009; a9

160

Acknoniedgments: the suthors
thank Migue! Priego for data
cofiection and management.
Funding: this study was
supported in part by the
Fundaciin para ks investigacidn
Hospital Universitana

La Fe-Ayudas Bancajs (grant
2006/0137), Red Temdtica de
Investigacidin Cooperativa en
Cancer (RDOG/0020/0031 ).
Manuscripl received on
February 24, 2009. Revised
version arrived on March 26,

2005, Manuscripl sccepted on
April 8, 2009.

Comespondence:
Migue{ A, Sanz, WD, PHD,
Department,
Hospital Universitanio La Fe,
Avda, Campanar 21, CP
E-mail: msanz@uv.es
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Central nervous system relapse in APL

Introduction

The central nervous system (CNS) is the most commaon
sitt of extramedullary relapse in aoute promyelocytic
leukemia (AFL), and at least 10% of relapses imvolve the
CNS." However, there is an apparent lack of documented
kmowiledge about mamy aspects of this challenging dinical
complication in the context of state-of-the-art treatments
with all-tnans retinoic acid (ATRA) and chemothermpy:. The
reported incidence of CNS relapses in AFL ranges from
06% o 2% Although CNS involvement is associated
with age*and BCR” isoform,* and possibly with the use of
ATRA and the developmert of differentiadon syndrome,
high white blood cell (WBC) count at presentation appears
to be the most consistent predictive fctor® For patents
without leukocytosis, who have an extremely low misk of
CNS relapse, there is a ral consensus that CNS pro-
phylasds is not indicated.” In contrast, in patients with AFL
and high-risk features presenting with a high WBC count,
some have argued in favor of CNS prophylaxs with
intrathecal chemotherapy™ Available dam zbout disease
outcome zfrer CNS relepse are limited. The GIMEMA
group reparted that the survival mates of patients after CNS
relapse and after isolated bone marrow relapse were simi-
lar’ However, in a joint study by the European AFL and
FETHEMA groups, survival rmtes after CH5 relapse were
significantly lower than after bone mamow relapse’ The
optimal management of AFL patents with CN5 imvabae-
ment at first relapse, whether isolated or associated with
bone marrow invalvement, has not been assessed critical-

by

We anzlyzed the incidence of and prognostic risk Eoors
for CNS involvement at first relapse in a large sedes of
newly diagnosed patients with AFL who were enrolled in
two consecutive Programa Espafic]l de Trammiento en
Hematologia (PETHEMA) trials (LPA%S and LFASY) and
treated with ATRA and anthrecydine monochemothemmpy
without CNS prophylaxis. We also evaluated the outcome
of these patients.

Design and Methods

Eligibiiity for inclusion in the study

The eligibility criteria for enrollment of patents with
genetically diagnosed AFL have been described else-
where.” The study protocol was approved by the Research
Ethics Board of each participating hospital according to the
Dedarztion of Helsinki.

Therapy of acute promyelocytic lewkemia

Patients were induded in two successive protocoks
(LPAS and LPASY) that have been previoushy described ®
Briefly, meatment consisted of induction therapy with
ATRA and idarubicin (ATDA regimen), three consolidation
courses with idarubicin (two courses) and mitoxantrone
(one course) with or withour ATRA according to 2 misk-
adapted strategy,” followed by maintenance therapy with
ATRA and low-dose chemotherapy with methotrexate
and 6-mercaptopurine.

Prophylaxis and treatment of central nervous system
relapse

Fatients did not receive CHS prophylaxis. When CNS
n:la‘ps:uml:md,tma‘tuﬂtcm:u.prmudwmklyumaﬂxml
miple thempy (ITT) with methomeate,
andcytanbutmtﬂmu:u.plﬂtrha:muufhlammﬂt
cerebrospinz] fuid, followed by less frequent ITT treat-
menss a5 consolidation. Some patients received furcher
craniospinal irradiation at the physidan's discretion
Systemic treatment with ATRA plis chemotherapy or
arsenic trioxide was also given as induction or consolida-
tion or both, even for patients with isolated CNS imvolve-
men:. Autologous or zllogeneic stem cell transplant was
given, in some cases, a5 intensification therapy:

Study definitions and end-points

The remizsion-induction response was assessed aocord-
mgmth:mmrzvmndmnuﬂyby[".hﬁmad"
Miolecular remission was defined as the
ant’li'udlmnbmmnd:gdnfﬂ'erM—R&iM-spuuﬁcumd
visualized at diagnosis, using a previously described nest-
ed reverse-transcrd chain reacdon (R1-
PCR) assay for PML-RARA amplification” with a sensitiv-
ity level of 10, Persistent molecular disease and molecular
relapse were defined as PCR positivity in two consecutive
bone marrow samples collected at the end of consolidation
therapy and at any tme after consolidation therapy,
respectively. CH5 relapse was confirmed by lumbar punc-
ture and cymological examination of cerebrospinal Buid,
winchwasp:rﬁ:umndmlympanﬂ:tnmﬂldmcaﬂym
pected CNS relapse. Morphological and molecular status
was assessed by examining bone mamow aspirates from
all patients at the time of CNS relapse.

Prognostic factors
Twenty-seven characteristics of the patients and disease
were znalyzed to estzblish their relationship o CNS
relapse. In addition o the characteristics listed in Table 1,
the following variables were also considered: serum lactate
dehydrogenase (LDH), peripheral blast count, fibrinogen
level, relapse-risk score, oytogenetics, FLT3-intemal t=n-
dem duplication (FLT3-ITD) mutation, and a number of
surface anti markers (CD2, CD7, CDi1lb, CD34,
CD18, HLA-DR, and CD56). Ooourrence of dinically and
radiclogically evident CNS hemorhage at disgnosis or
during induction, and development of differentiation syn-
drome were also induded. Differentiation syndrome wes
diagnosed according to the presence of two or more of the
symptoms and signs described by Frankel e al !

Statistical methods

The y* test, with Yates' correction if necessary, was used
to0 analyze differences in the dismibution of verizbles
between subsets of patients. The probability of CNS
involvemnent at first relapse was estimated by the cumula-
tive incdence method, and univarate comparison
between the cumulative incidence curves was
using the Gray test. “Isolated bone marrow relapse (molec-
ular or morphological), death in complete remission, and
development of secondary acute leukemia or myvelodys-
plastic syndrome was each considered as a competing risk
event. Multivariate anzhysis was performed using a logissic
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regression model. ™ Owverall survival after relapse was esd-
mated by the Kaplan-Meier method, and comparisons
were made by the log-rank test.™ The patients” follow-up
was updated in June 2008, and the median follow-up was
83 months (range, 32-136 months).

Results

Accrual and patients’ characteristics

Between November 1996 and June 2005, 793 consecutive
patients with a genetic diagnosis of APL were registered
from 82 institutions in Spain, The Netherlands, Belgium,
Argentinz, Uruguay, and the Czech Republic (see Appendiv).

Details about the non-eligible, non-evaluable, and evalu-
able patients have been reported elsewhere. ™

The main demographic and baseline charscoeristics of
showm in Table 1. Patients enrolled in the L FAS6 and [ PASS
sex (more females were induded in the LPAS9 tmal
p=002)

Incidence and characteristics of central nervous
system relapse

CN5 involvemnent at frst relapse was documented in 11
patients: in eight of these it was isolated three
had positive PMIL-RARA in the bone mamow by RT-PCR)

Table 1. Main demographic and baseline characteristics of 687 acute promyelocytic leukemia patients who achieved complete remission
with the AIDA regimen (study population].

Male 8 (57) 138 (47 0oz 127 (49)

apfﬁm 1(0-3) T 1(03) e 1(0:3) e
SCOTE

[i¥] 117 (813 353 (75} 028 &0 (M)

2 15 B i

5 s&'? H{(Il? !Tg)n
Feve

Hur 161 (65) 10 (813 045 411 (6%

Yes 5 (35) 195 (35) 250 (36)
WHC count, =101 19 (03-162) 21 (12960 21 (02460

<35 100 1l (;I?} 0.3l 421

35310 15 ki 45

10-50 30 80 110

5 D e i
P‘laﬁf[llalmn't.x]m 21 (1-161) s 1 (1-207) - . 2 (1-207) -

= L

10-40 7 (56) 301 (35) 355 [a8)
H;&ﬁuﬂ- 26 (43-132) o 41 (3169 HE 42 (H65) o

=) 4 (50) 129 (84) o 412 (53)

=10 B (40 181 (36) 2443
Creatinine, mgiL 0.9 (02-14) ) 05 (02-24) 05 (0224) )

<4 156 (1000 489 (39) .58 45 (39

> 14 (0 a0 4(1)

s.'.u- R j il e B 0oy i 110

=35 120 ns fﬁ}j mg}
tﬁ? My 127 (235) 082 161 (24)
JBM 122 (78) 369 (73} 301 (78)

Hypergranular 13 416 4 548

Micragranular ng} 8 é%) -%
PMLRARL: iso

E[:Rl-BCEl; o £ (55) 268 (50} 0.30 150 (39)

BORS 5 (45) 177 (40) 53 (41
WRE uilaie Moo coll coumi: FAR: FrevacleA mericar-Braich
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whereas in three it was simulteneous with overt involve-
ment of the bone marow. The median time to CHN5
relapse was 16 months (rEnge, 6-49 months)

with 16 months (range, 5-74 months) for isolated bone
marrow relapse. The characteristics of the patients who
experienced CNS relapse are summarized in Table 2. Seven
patients were female, and four were male. At the time of
the primary AFL diagnosis, the median age was 33 years
(range, 6-70 years) and WBC count was 34.5x10%L (range,
1.9-16210°L). Eight of the 11 CNS relapses occurred in
the 149 patients classified at diagnosis as being at high-risk
{cumulative incidence at 5 years, 5.45%), and the other
three were in the 381 patients classified as being at inter-
mediate-risk (cumulative incidence at 5 years, 0.8%). No
CNS5 relapses were observed in low-risk patients. Three
patients experienced clinical CNS during
induction therapy. One additional patient (3%) had differ-
patients (30%) without CN5 involvement. The overall 5-
year cumulative incidence of CNS relapse wes 1.7%, with
a trend toward a higher incidence in the LEASS trial (3.2%)
than in the LPAS9 tmial (1.2%) (p=0.09). The cumulative
incidence of isolated bone mamow relapse was 14.7% in
the LPASS trial and 10.6% in the LPASS trial (p=0.08). The
relative frequency of CN5 involvement relapsed
patients overall was 13%: five of 28 relapses (18%) in the
LPAS trial and six of 56 relapses (11%) in the TPAS9 izl
Mo esxtremedullary sites of relapse other than CNS were
observed in either PETHEMA trial.

Treatment of central nervous system relapse

Treamment of CNS relapse included ITT for all patients
except one, who was treated with intrathecal ki
both with CN5 relapse withour morphological bone mar-
row involvement, all remaining patients received systemic
treztment (Table 2).

Outcome of patients with central nervous
system relapse
marphological relapse in the bone mamow (3 PCR posi-
tive) one died during CNS treatment. The remazining seven
patients achieved a complete clearance of blasts from the
cerebrospinal Auid and relief of symptoms. The subse-
quent outoome of these patients was as Follows: (f) two
patients experienced a second relapse and died despite
receiving consolidation therapy with liposomal ATRA or
intensive chemotherapy; (i) three patients are alive in
cnmplct:mnisahnaftﬂsahagtﬂmwkzasmﬂms
or bone marmow ; and (i} ao patients did not
relapse after receiving ATRA plus intensive chemotherapy
or arsenic trioxide followed by awtclogous stem cell trans-
plantation.

The three patients with simultaneous CN5 and bone
marrow involvement died during systemic themapy with
aplasia following autclogous stem cell transplantation.

IHJIB?..MMEﬂmﬁhﬂlmﬂmmmmhdmmdmmm
Sexfage LPA WBC Risk BCR DS CNS Time to BM Systemic Outcome  Survival frem
(pears)

trial A0/} score bleeding CMS relapse  relapse hm theragy CHS relapse
(mantis) {morths)
F% 8% 135 Hgh 3 No  Yes 4 Mo ITT (x}+ LPasS Alive i
RTh (18 Gy protocol inCRE
M L 62 iterm. 3 No No 1 Ma I {x12) Ka Alive in CR3 5
Fra 89 G665  Hgh 3 No Mo b PCR+ ITT (%) MTZ +AraiC Alive 50
(x2)+AutnSCT in CRS
Mg 5 M5 Hgh 3 HNo HNo 1 PR+ ITT (28} MTZ=Aral Alive 4
(x1)+AlaSCT in CR3
FMa 8 4 High 12 Yes Mo " PCR+  ITL-AmaC(xi)+ ATO(xE)+ Alive L]
T (16 Gy) AutaSCT in CR2
M3 8% 613 Hgh 1 HNo HNo 16 Ka ITT (xl5) +  L-ATRA (x2H) Dieath in 14
RTc (16 Gy) + AutaSCT P relapse
F50 54 15 Interm 3 No No 41 Mo ITT {x&) + A&+ Deaith in 13
RTh (18 Gy HIDAC 1 relapse
FH3 5 182 High 3 HNo HNo ¥ Yes ITT (x3) + MTZ=Aral Digath in 5
W OIG st R
2] 5 GRS Hgh 1 Mo Yes Mo ITT (x6) + M Disath in 1
RTh (36 Gy 1" relapse
EAT 56 77 Iterm. 1  Noe No b+ Yes ITT (x4} MTZ + Aral Dieath in 2
1" relapse
ME 56 267 High 3 No Yes B Yes ITT {xI}) AlDA + HIDAE Dieaith in 03
1" refapse
M makes £ mmmmrﬂmmmmmmm IR os: airnemie, I frverheral, 7T ieeatfeca! s

fy C ! ko ; BTh: kdocromial mdioferapy; SW. bone marmoes CR: comphese remiission; ATC: arsenic rieide; ATRA: allirans sminokc ackd, SCT siem
cwmmmmmm+mm eprarabine; FIDAC high<ose Cptoroiine; LAneC Nceoemad oyarabidoe; LATRA: posaom ATFHA.
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The median survival wes 13 months in patients who had
a CNS5 relapse and 20 months in those who had isclated
bone marrow relapse (p=0.61).

Prognastic factors for central nervous system relapse
The univariate znahysis identified the following charac-
teristics as being associated with CNS relapse: high WBC
count in the peripheral blood at presentation (p<000001),
high blast count in the peripheral blood (p=0.0009), both
with a count of 10x10%L as the most significant cut-off;
relapse-risk score (p=0.001); clinical CN5 hemorthage dur-
ing induction chemotherapy (p<0.0001); elevated serum
LDH concentration (p=0.005); FLT3-ITD mutstions

(p=0.015); and CD56 positivity (p=0.047) (Table 3).
Multivariate analysis was also camied our insufficient
data were availsble for AT3-ITD mutation status and
CIX56 expression. Multivariate analysis identified the fol-
lowing independent tic factors for CNS relapse:
relapse-risk score (p=0.0001) (Figure 1A) and dinical CNS
(Figure 1B). Because univariate anabysis showed a trend for
2 lower cumulative incidence of CN5 relapse among
patients treated in the LPAS9 trial (»=0.05), the LPASS and
1PAS9 wials were compared according to the relapse-risk
group. For high-risk patients, the 5-year cumulative ind-
dences of CN5 relapse were 10.8% in the LEASS mial and

Table 3. Main comparisons of cumulative incidence of central nervous system relapse according to the characteristics of the patients and
diseasa.
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3.6% in the LPASY trial (=0.02; Figure 1C). For interme-
diate-risk patients, the 5-year cumulative incidences were
1.2% and 0.7% in the LFA96 and LPAS9 triaks, respective-
by (p=0.73)

Discussion

This study shows a relatvely low incidence of CNS
involvement at first relapse in AFL patients receiving front-
line therapy with ATRA and anthracydine mono-
chemotherapy without specific CNS prophyleads. A com-
parison of this incidence in two sequentzl PFETHEMA tmi-
als showed thar risk-zdapted consclidation with ATRA
and reinforced anthracycline for intermediate- and high-
sk patients (LPAS9 tnal) significantly reduced the ind-
dence of CNS relapse in the latter setting. The relapse-risk
score, which is a composite of WBC and platelet counts,™
and the ccumence of dinical CHN5 hemorthage during
induction were the main risk factors for CNS relapse.
Although a sizable proportion of patents experiencing
CNS5 involvement at first relapse will develop subsequent
bone marrow relapse, some of these patients will still
respond to treatment and may survive over the long term.

Despite the sequential nature of the two trials, there was
an apparent unbiased improvement in the 5-year cumula-
tive incidence of CNS involvement from 32% in the
LPASE trial to 1.2% in the LEADY mial The difference was
not significant for this crude comparison, which included
all patients, but became significant when high-risk patients
were analyzed separately. One explanaton of the lower
CNS relapse rate in the LPA99 study could be that the
more dose-intensive chemotherzpy in this mial reduced
the systemic disease burden, decreasing the risk of seeding
of APL cells in the CNS and, thereby, the incidence of CN5S
relapse. Another tion is that the higher-dose inten-
sity of anthracydines of the LPA?% trial may offer a more
effective treatment of the CNS sancruary. Notably, in con-
trest to other anthracydines, the actdve membolite of
1|:lar:.1E';.|.v.'_|.1:|T idarubicinol, can penetrate the blood-brain bar-
mer

The varable incidence of CNS involvemen: at First
relapse observed in different series should be interpreted
with caution. Variables with potential impact on the ind-
dence of this complication may have been unbalanced
and may bizs the direct comparison berween differen:
series. Different proportions of patients with le
at presentation, a well-recognized risk factor for CNS
relzpse,’ is the most obvious potential cause of bias, but
other more subtle factors should also be considered. In
this respect, the sample size and the length of follow-up
are particularly important and usually considered, but
some other factors related to competing events, particu-
lartty bone marrow relapse, should also be considered.
Theoretically, a high incidence of bone marmow relapse
can lead to an apparent low incidence of CNS immolve-
ment &t first relapse. This may explain, at least in part, the
different incidence rates of CMS relapse reported for
series with similar sample size and Follow-up.™ The
apparently lower incidence of CN5 relapse reported by
the European APL Group® (4 cases among 582 patients)
than in the GIMEMA Group® (16 cases among 740

165

patients) was observed in the context of a higher ind-
dence of hematologic relapses in the former (150582 vs.
131/740). Interestingly, the Evropean AFL Group

a 2-year cumulative incidence of CNS relapse of 0% in
340 patients treated with ATRA combined with
chemotherapy, including high-dose cytarebine and
intrathecal prophylaxis in patientss with WBC counts
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greater than 10=10°/L* However, full evaluation of these
results requires both independent confirmation and a

follow-up because a considerzble proportion of
CH3 relapses may ocour more than 2 years after the time
of attainment of the frst complete remission (e.g., 5 of 11
cases in our present study).”

As reported previously, our study confirms thar APL
patients with high WBC count at diagnosis (=10<10°L)
hawve an increased risk of CNS relapse.” However, the
relapse-risk score’® remained zs an independent risk factor
in multivarizte analysiz zfter removing WBC count from
the regression equation. An additional and novel finding is
the association berween the occumrence of clinical CNS
hemorrhage before or during remission induction and sub-
sequent CNS5 relapse. This has not been reported before
and could have potential therapeutic implications.
Regarding other potential risk factors, some authors have
suggested previously that FLT3-ITD mutstions, which
correlate with leukocytosis,” and an increased expreszsion
of adhesion molecules, such as CD56, can promote
leukemic infilraton in the CNS.™™ In this study, we were
unable to assess CD56 expression and FLT3-ITD mutation
as predictive factors for CNS relapse in multivariate anahy-
sis because of an insufficient number of patients with ade-
quate data. Other factors previously rmelated w
extramedullary relapse, such as age (< 45 years),” BCRS
isoform,™ and development of differentiztion syndrome”
were not significant determinants of CNS relapse in our
study.

The low incidence of CN5 relzpse does not argue in
Favor of systematic CN5 prophylaxis even in patients with
high-risk APL. The burden for these patients and the poten-
tial risks of additonal medical complications (e.g., hemor-
thage or neurological bosdciny)™ following lumbar puncrure
would be unlikely to ounaeigh the possible benefics.
Because there is no clear benefit of systematic CNS pro-
phoylaxis, its indication in APFL is sqll a matter of debate.
Based on our results, however, prophylads could be con-
sidered for those patients with cliniczl or radiological signs
of CN5 during inducton.

In conclusion, we found a low incidence of CNS involve-
ment at first relapse in newly diagnosed patients with APL
followring therapy with ATRA and anthracydine mono-
chematherapy without specific CNS prophylasis. CNS
relapse was significantly associated with WEC counts
greater than 10x10%L and CMNS hemomhage during induc-
tion treamment, which emerged as independent prognostc
factors.

Appendix

The following institutions and climicians particpaed i the
study: Argentina (Grupo Argentine de Tratomiznrn de o
Leuceria Aguda)—Complejo Médico Policia Federal, La Plata;
Fundalen, Buenos Aires: 5. Paviowsky, G Milonz;, Hospital
Clesente Ahvarez, Rosariv: 5. Ciarly; Mospital de Clinicas,
Busnos Afres; Hospital Gemeral San Martin, La Plasa: M
Gelemury Hosprtal Bossi, La Plata: 5. Saba; Hospital Sar
Martin de Parand, Entre Rios: P Negri Instituto Privado de
Hematologia, Parand; Instituts de Trasplaste de Médule Osea,
La Plata: V. Prates; Czech Republic—Faculty Hospital, Brua:
M. Protvankovs; Spain (Programea ol de Tratamients de
las Hemopatias Malignas)—Basuriuks Ospitalea, Billao: | M.
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Belirin de Heredia; Complejp Hospitalario de Segovia: | M.
Hermdndez; Complexo Hosprialans Xenal-Calds, Luge; || Arias;
Complejo Hospitalaris, Leow: F Ramos; Fundaciin [ménez
Diaz, Madrid: A. Rowsde; Hospital 12 de Oonbre, Madrid: J.
de la Serna; Hospisal Carlos Haya, Malaga: 5. Negri; Hosprial
Central de Asturias, Owiedo: C. Raydw; Hospital Clemic,
Barcelona: | Esteve; Hospital Climico de Valladolid: EJ.
Ferndndez-Calvey Hospital Climico San Carlos, Madrid: J. Diaz
Mediawilla; Hospiial Clinico San Carlos (H. Tefarnl, Madrid:
C. Gil: Hospital Clinico Untversitario, Santiagn de Compostela:
M. Pérez; Hospital Clinicy Unfversitania, Valescia: 8. Tormo:
Hospital Climico Universitariy Lozans Blesa, Zamagoza: M
CHave; Hospital de Cruces, Baracaldo: E. Amutiv; Hospatal del
May, Barcelona: C. Pedro; Hospital de Navarra, Pasplona: A
Corosguieta; Hospital D Negrin, Las Palmas: T. Molers;
Hospital Dir Peser, Valencia: M. J. Sapas; Hospital Dr Trueta,
Cetroma: R Guardia; Hospital Creneral de Albacese: | R. Romers;
Hospital General de Alicamte: C. Rrvas; Hospital General de
Alicamte (Omeologia Pedidtrical: C. Esguembre; Hospital
Cemeral de Castellin: R Garcia; Hospital Gemereal de
i es Cindad de Jaén: A Alsald; Hospital General de
Jerez de la Fromtera: A. Ledn; Hospital Cenenal de Murcia: ML
Amige; Hospital Gemeral de Valenga: M. Linares; Hosprtal
Ceermans Trias § Pujol, Badalona: [ M. Ribera; Hospital Insular
de Las Palmas: J. D. Gonzdlez San Miguel, Hospital Juan
Canalegjs, A Coruffie: G. Deben; Hospital Joan XXIT,
Tarmagona: L. Escoda; Hosprtal La Princesa, Madnd: R de la
Cimara; Hospital Maremo-Tnfann] de Las Palmas: A Molines;
Hospital do Mebcoeirs, Vign: C. Lowreiry; Hospital Momterels,
Pomtevedra: M. | Allegue; Hospital Murnua de Temasa: | M
Mart; Hospital Nifio Jesds, Madnd: L Maders; Hospital Nira,
Sra. de Sowsoles, Avila: M. Ca&:zudn—HnspmfRumwy Cayal,
Madrid: J. Gardia-Larafia; Hespital Rema Sofia, Condoba: R
Ropas; Hospital Riv Carrice, Palencin: E Ortega; Hospital Rio
Hortega, Valladolid: M. J. Pefarnbia; Hosprial Sam Jorge,
Huesea: F Puente; Hospital San Rafael, Madnd: B. Lipez-Tbor;
Hospital Sawt Pau, Barcelona: 5. Brmes; Hospital Sawm Pedro de
Alritara, Ceceres: | M. Bergua; Hospital Swrta Maria del
Rosell, Cantagena: . Ibdfiez; Hospital Severs Ochoa, Leganés:
P Sinchez; Hospital Som Dureta, Palma de Malloroe: A. Nove:
Hospital de Tortosa: L. L. Fort; Hospial Txagersitcn, Viora: J.
M. Guinea; Hespital Untversitario del Asre, Madmd: A
Montern; Hosprital Usiversitanio de Salamanca: M. Gonzidlez;
Hospital Universiario La Fe, Valencia: M. A Samz, G.
Martin . Martinez; Hospital Universitanio La Fe (Hospial
Infanil), Valenoia: A. Verdeguer: Hospital Uiversitario La Paz
(Hospital Fefantl), Madnd: P Garoi; Hospital Universiterio
Margués de Valdeoila, Santander: E Conde Garcia; Hospizal
Universitario Principe de Asturias, Aloald de Hemares: |, Carcia;
Hospital Universitario Puerta del Mar, Cadiz: F J. Capote;
Hospital Uiversitario Puerta de Hierrn, Madnid: I Fromi;
Hospital Unversiteric Vall D'Hebron, Barceloma: [ Bueno:
Hospital Untversitanis  Matermo-Tnfannl Vall D'Hebron,
Barcelona: P Bastida; Hospital Unrversitaric Virgen de la
Arrixaca, Murciz: P Rovigue; Hospital Usiversitany Vingen de
la Amivaca (Pediawria), Muroie: J. L. Fuster; Hospital
Universitario Vingen del Rocin, Sewilla: R Parody, Hospital
Universitaric Vingen de la Victonia, Melaga: I Pérez; Hospital
Virgen del Carning, Pamyplona: [ Molima; Hospital Xenal Cies,
Vige; C Poderds; lnstitut Catala d'Ocologia, Hospitalet de
Llobregat; R Dugarte; The Netherlamds [The D
Hemato-Ohcology  Cooperative  Growp,  HOVON)—VU
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Medical Center Amsterdam: G. | Ossenboppele; Academic
Medical Cemter, University of Amsterdam: | van der Lelie;

Anexos

Central nenvous system relapse in APL

Erasmus University Medical Center, Rotterdan: B. Lowenkberg,

P Sonneveld, M. Zilmans; L-’nrmrsu}- Medical Cemtes,

Gronmgen: E. Vellemga;

ogpital,
Magrtens; COLVCG Hosprital, Amsterdar: B. de Vale; Den Haag
Hospital, Leyenburg: PW Wifermans; Medical Specrum
Tivente Hospital, Enschede: MR de Groot; Amﬁ'mu'c Hﬂqp'lbd'
Maastriche: H.C. Schouter; St Amtowins Haspital,

DVH. Bigsma; Sophia Hospital, Zwolle: A mMﬂnﬂy‘EKﬂa}r—
Urugnay, Hospital Macrel, Monmtevideo: E de Lisa.
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