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All-Trans-Retinoic Acid as  a  Differentiating  Agent  in  the  Treatment of  Acute 
Promyelocytic  Leukemia 

By Laurent Degos, Hewe Dombret, Christine Chomienne, Marie-ThBrBse Daniel, Jean-Michel MiclBa, 
Claude Chastang, Sylvie Castaigne, and  Pierre  Fenaux 

A CUTE PROMYELOCYTIC leukemia (APL) is a specific 
type of acute myeloid leukemia (AML) characterized 

by the morphology of blast cells (M3 in the French-Ameri- 
can-British classification of AML),'.'by the t(15; 17) translo- 
cation3 that fuses the PML gene on chromosome 15 to the 
retinoic acid receptor a (RARa) gene on chromosome 17,4,' 
and by coag~lopathy.~,~ Until recently, intensive cytoreduc- 
tive chemotherapy, usually combining an anthracycline and 
cytosine arabinoside (AraC), was the most effective treat- 
ment of A P L . ~ - ~ ~  

The confirmation that in vitro differentiation of APL blasts 
by all-trans-retinoic acid (ATRA) could be efficiently trans- 
posed in vivo has not  only  modified the therapeutic approach 
of  APLZ3-" but also opened new perspectives for differentia- 
tion therapy in oncology as well as novel research on  RAR 
function in the hematopoietic tissue.26 

BACKGROUND:  RESULTS OF INTENSIVE 
CHEMOTHERAPY IN APL 

Large cohorts of APL patients treated with chemotherapy 
alone have been published in the last 10 years.9-22*27-29 In 
patients treated before 1980, anthracycline-AraC combina- 
tions yielded complete remission (CR) rates of 50% to 60%. 
Failures to achieve CR were mainly due to fatal bleeding, 
resulting from exacerbation of the specific coagulopathy of 
APL by chemotherapy. However, more recently, CR rates 
of 75% to 80% have regularly been observed, largely be- 
cause of a lower incidence of hemorrhagic deaths, due to 
intensive platelet support during the induction phase, a bene- 
ficial role of heparin and/or antifibrinolytic agents being 
more controversial.16"8 With consolidation chemotherapy, 
median CR duration ranged from 11 to 25 months and 25% 
to 50% of the patients who achieved CR could probably be 
cured of their disease. Adverse prognostic factors for CR 
achievement with chemotherapy were older age, microgra- 
nular APL variant, high leukocyte counts, and severe coagu- 
lopathy at diagnosis, and shorter remissions were observed 
in patients presenting with  high leukocyte counts.'0~''~'3~'4~22 

FIRST  RESULTS OBTAINED WITH ATRA  ALONE IN APL 

ATRA therapy was initiated by the Shangai' groupz3 and 
by the French CR rates of about 90% were re- 
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ported in newly diagnosed and  first relapsed APL, generally 
with a 45 mg/m2 daily dose of ATRA,  and those results were 
later confirmed by other groups31332 (Table 1). Response was 
not obtained by cytotoxicity but by differentiation of APL 
blasts into neutrophils, leading to progressive replacement 
of leukemic hematopoiesis by normal polyclonal hematopoi- 

o phase of aplasia was observed and rapid 
improvement of coagulopathy, instead of the initial worsen- 
ing observed with conventional chemotherapy, was seen. 

However, ATRA treatment had two major drawbacks. The 
first was that, mainly in newly diagnosed APL, a rapid in- 
crease in leukocytes was seen in one third to one half  of the 
patients, accompanied by clinical signs of retinoic acid (RA) 
syndrome, which proved fatal in some patients (see be- 
low).25.35*36 Low-dose chemotherapy (with hydroxyurea or 
low-dose AraC) did not succeed in lowering leukocyte 
counts and preventing the fatal outcome, whereas more in- 
tensive anthracycline-AraC chemotherapy was able to reduce 
leukocyte counts and allow most patients to enter CR.35 The 
second drawback of ATRA therapy was the development of 
resistance to this drug. Patients who achieved CR  with 
ATRA  and received either ATRA alone or low-dose chemo- 
therapy for maintenance therapy almost all relapsed within 
a few months of CR a c h i e ~ e m e n t ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  (Table 1). These 
findings prompted clinicians to administer treatment combin- 
ing ATRA  and intensive chemotherapy in APL. 

esis.23-25.31.33.34 N 

TREATMENT OF RELAPSING  APL WITH ATRA 

High  CR rates (85% to 90%) are obtained in first relapsed 
patients previously treated with c h e m ~ t h e r a p y ~ ~ . ~ . ~ ~  and RA 

From the Service Clinique des  Maladies du Sang, the Laboratoire 
de Biologie Cellulaire  Himatologique, the Laboratoire d'Hdmtolo- 
gie, and the DBlM, Hapita1 St Louis, Pans; and the Service des 
Maladies du Sang, CHU Lille, France. 

Submitted November 3, 1994;  accepted February 2, 1995. 
Supported by the Association  de Recherche sur le Cancer, the 

Centre  Hospitalier  Universitaire of Lille, and the Assistance 
Publique, Paris. 

Address  reprint  requests  to Laurent Degos,  MD,  PhD, Institut 
Universitaire d'Himtologie, Hapita1 St Louis, I avenue Claude 
Vellefau,  75475  Paris, France. 

0 1995  by The American Sociery of Hematology. 
0006-4971/95/8510-0043$3.00/0 

2643 

 For personal use only. at LOYOLA UNIVERSITY on April 11, 2013. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


2644 DEGOS ET AL 

Table 1. First Results of ATRA (45  mg/m2/d Until CR) in APL 

Investigators No. of Patients No. of CR 

Castaigne et aV5 

Huang et a123.37 16 untreated 
5 resistant or intolerant to 
chemotherapy 

3 first relapse 
4 untreated 
2 resistant 

11 first relapse 

Degos et aI3" (updated results) 34 first relapse 
5 second or third relapse 

Warrell et a P  

Chen et aP4 

6 untreated 
4 first relapse 
1 second relapse 

44 untreated 
3 resistant 
3 first relapse 

15 (94%) 
5 

3 
2 
1 

10 (91%) 
1 

31 (91%) 

Postinduction Therapy 

In 50 cases (updated results): 
ATRA, ATRA + moderate 
chemotherapy, moderate 
chemotherapy 

ATRA or mild chemotherapy 

ATRA alone 
Low-dose AraC 

Median CR Duration 
(mol 

5 
11.5 

5.5 
7 

3 
5 

Mitoxantrone + AraC 6 
5 Variable Limited follow-up 
4 
1 

41 (93%)  Moderate chemotherapy 14.5 
3  (+ATRA  in 8 cases) 
3 

syndrome is less frequent than in newly diagnosed patients3' 
However, almost all the first relapsed patients who were 
salvaged by  ATRA and maintained on ATRA alone, mild 
chemotherapy, but also anthracycline-AraC consolidation 
chemotherapy subsequently relapsed again, generally within 
1 (Table 1). Allogeneic bone  marrow transplanta- 
tion (BMT) in second CR has provided some prolonged 
remissions, but the number of allografted patients is still 
small for firm conclusions (P. Fenaux et al, unpublished). 
Results of intensive chemotherapy followed by autologous 
BMT in second CR after ATRA are also preliminary. Of 9 
relapsing patients treated using this approach by the Italian 
GIMEMA group, 3 were alive in second CR  more  than  1 year 
after the autograft (G. Avvisatti, personal communication, 
November 1994). Thus, ATRA can salvage the vast majority 
of APL patients in first relapse after chemotherapy alone, 
but those patients rarely achieve a prolonged second CR 
unless an allograft is possible. These findings already 
strongly suggest that ATRA, in APL, should not be "kept" 
for relapse, but rather incorporated in the front-line therapeu- 
tic regimen. 

In patients who had already received ATRA and relapsed 
shortly after its discontinuation, no response to ATRA, even 
at higher doses, was ob~erved.~~"~." On the other hand, 9 of 
the 11 patients who relapsed later (4 to 25 months) after 
ATRA discontinuation, achieved CR after retreatment with 
ATRA42,45 (updated results). 

Treatment of APL in second or subsequent relapse with 
ATRA is disappointing. In patients not previously exposed 
to ATRA, some CR were obtained, but patients generally 
relapsed again ra~idly,2',~~ whereas in patients previously 
exposed to ATRA no response was generally seen.25*42*44 

ATRA  FOLLOWED BY INTENSIVE CHEMOTHERAPY IN 
NEWLY DIAGNOSED APL 

Several nonrandomized studies and a randomized trial 
strongly support the superiority of combined treatment with 

ATRA and intensive chemotherapy over intensive chemo- 
therapy alone in newly diagnosed APL (Table 2). 

Nonrandomized Studies 

Fenaux et al," in a pilot study, treated 26 newly diagnosed 
cases of APL with  ATRA until CR, followed by 3 courses 
of daunorubicin (DNR)-AraC and 25 (96%) achieved CR, 
as compared with 76% in a historical control treated by 
chemotherapy alone (difference not significant). However, 
with  a minimum follow-up of 38 months from CR achieve- 
ment, event-free survival (EFS), disease-free interval (DFI), 
and survival were significantly higher after ATRA plus che- 
motherapy (Table 2 and Fig 1). The combination of ATRA 
and chemotherapy reduced the number of relapses occurring 
within 18 months of CR achievement, whereas the number 
of later relapses was similar to that seen after chemotherapy 
alone:' suggesting that combination therapy did not just 
delay relapses but truly reduced their incidence. 

The New York41*42 and Japanese groups48 also showed that 
ATRA followed by intensive anthracycline-AraC chemo- 
therapy gave high CR rates and a smaller incidence of relapse 
than in a historical group treated by chemotherapy alone, 
although follow-up was still short in many of the patients 
who received ATRA (Table 2). Finally, a large Chinese 
cooperative study showed that patients who had received 
intensive consolidation regimens (with anthracyclines and 
AraC) after achieving CR  with  ATRA had the lowest risk 
of relapse.38 However, all those studies were not randomized. 

Randomized Studies 
A European trial comparing chemotherapy alone (3 inten- 

sive courses of DNR  and AraC) and ATRA followed by the 
same chemotherapy in  newly diagnosed APL was therefore 
performed. In the ATRA group, the first chemotherapy 
course was rapidly added to ATRA  if the white blood cell 
count ( W C )  were greater than 5,0OO/pL at diagnosis or 
increased during treatment. The trial was prematurely 
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Table 2. Published  Experience  of  ATRA  Followed  by  Intensive  Chemotherapy  (as  Compared  With  Chemotherapy  Alone) 
in Newly Diagnosed  APL 

ComDarison With ChemotheraDv Alone 

CR 
Investigators No. of Patients Rate Follow-Up Type of Comparison Chemotherapy PValue 

Results of 

Fenaux  et  aI@." 26 9696 
EFS: 62% at 4 yr 
DFI: 70% at 4 yr 
Survival: 77% at 4 yr 

Ohno et ala 

Sun et  al" 

Warrell et a14','z 49 85% Median CR duration not 
reached (3'-38' 
months) 

reached 
Median survival not 

109 89% EFS at 19 mo: 78% 

DFS at 19 mo: 88% 
481 patients in CR 3-yr survival: 58% 

(fewer relapses with 
more intensive 
chemotherapy) 

results) EFS: 68% at 2 yr* 
Fenaux et a P a  (updated 54  91% 

Survival: 81% at 2 yr* 

Historical (29 cases) CR rate: 76% 
EFS: 28% at 4 yr 
DFI: 42% a t  4 yr 
Survival: 40% at 4 

yr 
Historical (80 cases) Median CR 

duration 14 mo 

Median survival 17 
mo 

No comparison 
available 

No comparison 
available 

Randomized (47 cases) CR rate: 81% 
EFS: 23% at 2 yr* 
Survival: 51% at 2 

vr* 

NS 
<.01 
<.05 
<.01 

.008 

,0009 

NS 
10-4 

.01 

Results updated at the reference date of September 1, 1994. 

stopped after 18 months, because EFS  was  significantly  bet- 
ter in  the  ATRA gro~p . "~"~  These results were  confirmed  in 
follow-up studies, including the last interim analysis per- 
formed  21  months after the last inclusions that showed sig- 
nificantly higher actuarial EFS, relapse rate, and survival in 
the  ATRA group (Table 2 and Figs 2 and 3) (unpublished 
results). 

t aa 

ATRA + CT 

U 
60 

2a 1 
0 :  I I I I l I 1 I 1 

a IO 20 30 40 sa ea 7a aa 9a 

Time (months) 

Fig l. Comparison  between  actuarial  rurvival of patients  treated 
by  ATRA folkwed by  combination  chemotherapy  (pilot study of APL 
91 trial) and  a  hlatorlcal  control  group  treated  by  chemotherapy  alone 
(APL 84 trial). Minimum follow-up  was 38 months in both  groups. 
ATRA + CT, ATRA followed  by  chemotherapy;  CT  alone,  chemother- 
apy  alone. 

No case of leukemia resistance was  seen  after  ATRA as 
compared  with 5 cases (10%) in the chemotherapy  group. 
Those 5 patients and 5 other cases resistant to chemotherapy 
(S. Castaigne et al, unpublished data) were  all salvaged by 
ATRA,  but 5 rapidly  relapsed  and 1 died in CR. These results 
and those of other  groups  in cases refractory to chemother- 

may also support  the  use of  ATRA in  the front-line 
treatment of  newly diagnosed APL,  instead of waiting for 
resistance or relapse after chemotherapy  alone. 

An intergroup trial  randomizing  ATRA followed by che- 
motherapy  and chemotherapy alone in  newly diagnosed APL 
has  been started in  1992  in the United States, but its results 
are  not  yet available. 

DIFFERENTIATION OF APL  BLASTS BY ATRA 

I n  Vitro 
ATRA  and 1 3 4 s  retinoic acid  are equally effective in 

inducing differentiation in HL-60 and  U-937  myeloid  leuke- 
mic cell whereas other retinoids are either more 
or, like the ethyl ester (etretinate), less effe~tive.~' In fresh 
AML cells, although retinoids can alter cell gr~wth, '~  only 
APL cells are successfully induced to differentiate in 
~ i t r o . ~ ~ . ~ ~  A lower percentage of differentiated cells has been 
correlated to poor clinical outcome and  low  ATRA intracel- 
lular These differentiated leukemic cells 
can no longer produce leukemic clones in soft agar24 and a 
significant decrease of bcl-2 protein  in these cells strongly 
suggests that differentiation has initiated some control of 
cell death:' although no morphologic or biochemical criteria 
of apoptosis are noted. 
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e 
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- 

-ATRA 54 17 
..... -CTabne 47 36 

p = 0.0001 ; log-rank test 
............. ~ 

1 ......... " ......... ..... ~ .............. 
20 . 

04 - . 
0 1 2 3 

after  randomlzatlon 
years 

In APL blast cell differentiation, contrary to the HL-60 
cell model, ATRA and 9-cis retinoids are effective at 
mom,  whereas the 13-cis isomer is only active at moll 
L, forwarding a biologic explanation for the limited in vivo 
efficacy of this molecule in the first attempts of treatment 
of APL with 13-cis 

Differentiation of myeloid leukemic cell lines by retinoids 
is enhanced by the addition of certain ~ytokines.'~ In APL, 
a strong correlation between the expression of certain cyto- 
kines and differentiation with  ATRA  was found. Expression 
and secretion of tumor necrosis factor a (TNFa), interleukin- 
6 (IL-6), IL-8, and IL-lP (which occurred in most patients) 
was correlated to response to ATRA, whereas the patients 
that had no TNFa expression or expression of L-3,  granulo- 
cyte colony-stimulating factor (G-CSF), or granulocyte- 
macrophage colony-stimulating factor (GM-CSF) had sig- 
nificantly lower response to A T R A . ~  

In Vivo 

Maturing bone marrow cells with signs of terminal differ- 
entiation appear progressively during ATRA treatment and 
Auer rods are sometimes observed in mature cells, confirm- 
ing the differentiation process of the leukemic cellsZ5 that 

Group N deaths 

0 1 2 
yearsarter 
randomlzation 

Fig 3. Actuarial survival in APL 91 trial. ATRA, patients treated 
with ATRA plus chemotherapy; CT alone, patients treated  with che- 
motherapy alone. 

Fig 2. Actuarial EFS in APL 91 trial. ATRA, pa- 
tients treated  with ATRA plus chemotherapy; CT 
alone, patients treated  with chemotherapy alone. 

has also been demonstrated by serial fluorescence in  situ 
hybridization (FISH) and clonality studies using X-linked 
polymorphisms. Clonal neutrophils, carrying t(15; 17) trans- 
location, are progressively replaced by polyclonal neutro- 
phils, without t(l5; 17).3'.33*34 Correction of neutrophil count 
is  first observed, followed by  an increase in platelets, 
whereas low hemoglobin levels and monocytopenia persist 
during several weeks. This is probably related to the stimula- 
tory effect of ATRA on normal CFU-G, and the inhibitory 
effect on CFU-M and BFU-E.6'.62 

Nuclear bodies are ultrastructurally defined granules pre- 
dominantly found in dividing cells. Our group found that 
PML protein, in normal cells, gives a speckled pattern of 
staining with a PML antibody in the cell nucleus63  and  is 
specifically bound to a nuclear body.- PML and several 
nuclear body associated proteins found as autoantigens in 
primary biliary cirrhosis (PBC) are colocalized and coregu- 
lated.@ In APL cells, the PML-RARa fusion protein is pre- 
dominantly localized in the cytoplasm, whereas a fraction is 
nuclear and delocalizes PML protein to multiple smaller 
nuclear clusters without ultrastructural organization."," 
ATRA administration causes the aggregation of PML and 
PBC proteins onto the nuclear bodies with return to a speck- 
led pattern of PML staining.63" These findings show  that 
PML-RARa fusion appears to disrupt the function of PML 
associated nuclear bodies (also called PML oncogenic do- 
mains by another group)@ and that this disruption could be 
important in APL pathogenesis. 

RA SYNDROME AND OTHER SIDE EFFECTS  OF ATRA 

ATRA therapy is usually well tolerated and  side effects 
are moderate. However, some major side effects may occur 
(mainly the RA syndrome). 

RA Syndrome 
Incidence and clinical symptoms. A symptomless pro- 

gressive increase in WBC counts is commonly seen with 
ATRA treatment, but the French reported in some 
cases a rapid increase of WBC counts associated with cardio- 
pulmonary and renal failure. Subsequently, Frankel et a136 

gave a precise description of clinical symptoms of this RA 
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syndrome consisting of fever and respiratory distress, weight 
gain, lower extremity edema, pleural or pericardial effusions, 
hypotension, and sometimes renal failure. They are preceded 
by increasing WBC counts in the majority of case, but some 
patients develop symptoms at WBC counts less than 10,000/ 
pL.4’ The spontaneous incidence of the RA syndrome was 
23%  in the New  York e ~ p e r i e n c e ~ ~ * ~ ’ * ~ ‘  but was very low in 
the Chinese e~per ience . ’~*~’ .~~*~~ It was also very  low in the 
French and Japanese experience, because of early addition 
of chemotherapy in cases of increasing WBC counts. In the 
New York experience, CD13 expression on APL blasts was 
strongly correlated with the development of the RA syn- 
drome, and 5 of 13 patients with this complication died.36,42 

Pathophysiology of hyperleukocytosis and of the RA syn- 
drome. These aspects are still poorly understood. The RA 
syndrome is not due to leukostasis and/or t h rombo~i s~~  and, 
because its clinical signs are reminiscent of those observed 
in the endotoxic shock and in the adult respiratory distress 
syndrome (ARDS), a possible stimulatory effect of ATRA 
on cytokine expression by APL cells has been envisaged. 
Indeed, APL cells express and secrete CSFs and cytokines 
that are responsible for autocrine growth stimulation of AML 
cells ( L 1 0  and IL-6) and leucocyte activation (IL-8, TNFa, 
IL-lP, and IL-6).60.67 Our group observed no correlation be- 
tween HGF expression and hyperleucocytosis at diagnosis 
in APL, but in vitro incubation with ATRA significantly 
increased IL-1P and G-CSF levels in 30%  of  APL cases. 
This was correlated to both an increase of the viable cell 
count and to hyperleucocytosis in V ~ V O . ~ ’ * ~ ~  Thus, ATRA 
induction of IL-1P and G-CSF secretion by APL cells may 
contribute to the increase of peripheral blast cells in vivo. 
IL-1P, IL6, TNFa, and IL-8, implicated in leukocyte activa- 
tion and adherence, have an important role in the develop- 
ment of ARDS, and their secretion by APL cells under differ- 
entiation by  ATRA  may suggest a pathogenetic role of these 
cytokines in the ATRA syndrome.67 

Another explanation for hyperleukocytosis could be a 
change in the deformability of APL cells allowing their re- 
lease from the bone marrow. Using single-cell aspiration 
tests into a glass restrictive channel, we found that early 
ATRA-induced hyperleukocytosis seemed to be associated 
with a low initial mean marrow cell viscosity value, close 
to that of mature neutrophils. An asynchronism between 
rheologic and morphologic maturation (mature pattern of 
deformability in cells of immature aspect) could thus explain 
the occurrence of ATRA-induced hyperleukocytosis. Modu- 
lation of APL cell adhesive properties during the differentia- 
tion process induced by ATRA might also trigger the release 
of differentiating leukemic cells from the marrow toward 
peripheral blood and tissues. Indeed, we observed an in- 
crease in CD544CAM-1 surface adhesion molecule expres- 
sion by the leukemic cells during ATRA-induced differ- 
entiation in some patients and the rapidity of this CD54/ 
ICAM-1 modulation seemed to be associated with the occur- 
rence of hyperle~kocytosis.~~ 

Prophylaxis and treatment. Once the RA syndrome has 
developed, the addition of low-dose chemotherapy is ineffec- 
tive in lowering WBC counts and leukophereses are unable 
to reverse symptoms; two different approaches are currently 

proposed. One of them, used by the European and Japanese 
 group^,"^' is to add chemotherapy from the onset of ATRA 
in patients presenting with high WBC counts or when in- 
creases in the WBC are seen. This approach proved very 
effective on a multicenter basis, as the RA syndrome was 
seen in only 6 of 125 patients treated in Europe49 (unpub- 
lished data), 7 of 109 patients treated by the Japanese 
group,“’ and only 1 case in the 234 patients proved fatal. A 
disadvantage of this approach is that about two thirds of the 
patients treated with  ATRA also received early chemother- 
apy. However, we found that in this case, the period of 
neutropenia and thrombocytopenia was significantly shorter 
than  when chemotherapy was administered alone, an effect 
that  may be linked to the effect of ATRA on normal granulo- 
cytic proliferation and differentiation, as seen earlier. Only 
one death during the period of aplasia was seen in the Euro- 
pean e~perience.4~ Furthermore, intensive chemotherapy, if 
not administered early, would have to be administered later 
on as consolidation treatment. 

The second approach, used by the US and Australian 
groups is to prevent the RA syndrome by administering high- 
dose intravenous corticosteroids (Dexamethasone at 10 mg 
IV twice daily for 3 or more days) as soon as the first 
symptoms occur. This treatment proved  very efficient in  pre- 
venting the RA syndrome in the New York experience and 
sharply reduced its mortality from 3 in 9 patients in  their 
initial report to no fatality in the last 2 years.36,4i.42 The 
Australian group, using the same approach, observed fatal 
toxicity from the RA syndrome in 1 of 19 newly diagnosed 
patients who received ATRA43 (J. Wiley, personal communi- 
cation, November 1994). This approach avoids the early use 
of chemotherapy and its side effects. However, apart from 
the Australian experience in a relatively small number of 
cases, it has mainly been used  by one experienced group 
and its efficacy will have to be confirmed in a large multicen- 
ter study. Results of the US intergroup study, which also 
uses steroids for the prophylaxis RA syndrome prophylaxis, 
will therefore be important to know. 

The two approaches are obviously not exclusive. There is 
also a consensus over the fact that patients presenting with 
high WBC counts (ie, more than 15,000 to 2O,OOO/pL) will 
very often develop severe RA syndrome with  ATRA alone, 
and require chemotherapy and intravenous dexamethasone 
from the onset of treatment. Some of these patients even 
present with symptoms analogous to those of the RA syn- 
drome before the onset of treatment.” 

Coagulopathy and Thrombosis 

The coagulopathy associated with  APL results from at 
least three distinct mechanisms due to the release of procoag- 
ulant activities, plasminogen activators, and lysosomal neu- 
trophil enzymes from the leukemic leading to 
diffuse intravascular coagulation (DIC) and primary fibrin- 
ogenolysis, whereas leukocyte-mediated proteolysis is able 
to cleave various substrates, including fibrinogen. The 
relative extent of these mechanisms in APL patients is still 
debated, and recommendations for the management of 
hemostatic disorders in APL patients treated with chemother- 
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apy therefore vary from one group to another, as seen ear- 

Because the release of leukemic cell components during 
differentiation therapy  must be mild  and  prolonged  when 
compared with massive cell death induced by cytotoxic 
agents, no exacerbation of the bleeding tendency was ex- 
pected in APL patients undergoing ATRA therapy. Indeed, 
in the European APL 91 trial, median time  to disappearance 
of significant coagulopathy was 6 days (range, 0 to 12 days) 
after chemotherapy alone and 3 days in the ATRA group 
( P  = .001).46 Monitoring of hemostatic parameters in  APL 
patients treated  with  ATRA alone shows that primary fi- 
brinogenolysis disappears during the first 5 days of treat- 
ment, whereas DIC and leukocyte-mediated proteolysis 
seem to persist during the 2 or 3 first weeks of  ATRA ther- 

This could lead to a transient period of hypercoagu- 
lability, and a few well-documented cases of thromboem- 
bolic events in  APL patients treated with  ATRA have been 
r e p ~ r t e d . ~ ~ . ~ '  

Despite the rapid improvement of coagulopathy observed 
in  APL patients receiving ATRA, no difference in early 
mortality was observed between the two groups of treatment 
in the European APL 91 trial. However, ATRA  therapy  may 
somewhat reduce the severity of the bleeding tendency  in 
hyperleulocytic APL  patient^.^ Furthermore, we observed in 
some patients with rapid increase in WBC  under  ATRA 
recurrence of coagulopathy after its transient disappear- 
a n ~ e . ' ~  This should be considered when treating patients with 
RA syndrome associated with hyperleukocytosis, because 
intravenous dexamethasone may be unable to prevent this 
recurrence of hemostatic disorders. 

~ier~10,16-i8.72,73 

Other Side Effects of ATRA 

Dryness of lips and mucosae are usual  but  can  be allevi- 
ated by symptomatic treatment. Increases in transaminases 
and triglycerides and bone pain are common, but  they never 
required treatment discontinuation in our experience. Head- 
ache due to intracranial hypertension is generally moderate 
in adults but may be severe in children and associated with 
signs of pseudotumor cerebi8' Lower ATRA doses (25 mg/ 
m2/d) in children reduce this side effect and seem as effective 
as conventional doses of 45 mg/m2/day.82 In our experience, 
isolated fever, in the absence of other signs of the ATRA 
syndrome (or infection), frequently develops and is revers- 
ible within 48 hours of ATRA discontinuation.46349 Other side 
effects, including hyper~alcemia,~~ erythema nodosum,M and 
marked have exceptionally been reported. 

RESISTANCE TO ATRA 

The precise mechanism of APL blast sensitivity to ATRA 
has not  yet been elucidated and, likewise, the mechanisms 
underlying ATRA induced resistance are still unclear. ATRA 
efficacy in APL rests on the presence of specific retinoic 
acid receptors, their  affinity for ATRA,  and  their intranuclear 
concentration achieved in target cells for the activation of 
specific genes. Alteration of any of these parameters may 
induce resistance to ATRA. Primary resistance is rarely 
(<2%) observed if diagnosis is confirmed by the t(15;17) 

translocation or the PML-RARa product, although, as re- 
ported earlier, defect in cytokine secretion may result  in  poor 
response. 

However, secondary resistance to  ATRA  is observed in 
all patients with early relapse after withdrawal of ATRA42.44 
and  is related to a feedback mechanism  that aims at reducing 
ATRA concentration. AT the  onset of treatment, the plasma 
concentration of ATRA achieved in  APL patients is within 
the in vitro differentiating  concentration^,^"^^ but a signifi- 
cant decrease of the AUC is observed after a few days of 
ATRA treatment and ATRA remains at lower and  even  unde- 
tectable levels even if the ATRA dose is doubled.xx Enzymes 
implicated in the conversion of the exogenous vitamin A to 
retinoic acid and its metabolites are cytochrome P450 
(CP450) dependent and require NAD  and certain cellular 
binding proteins such as CRABPII (cytoplasmic retinoic acid 
binding protein type 11) that act as substrate for retinoic acid 
metabolism. ATRA  therapy increases the level of CRABPII 
in  normal hematopoietic cells.44,90  At  the molecular level, 
ATRA  can transcriptionaly increase CRABPII and CP450 
gene expression. This results in  an increase of proteins that 
induce ATRA catabolism, leading to the reduced plasma 
levels observed during ATRA therapy. These findings proba- 
bly explain in part why  ATRA  therapy alone (at  least  in its 
current design) is unable to eradicate the leukemic clone. 
After  ATRA withdrawal, this hypercatabolytic state persists 
for a period of several months, which may  vary according 
to the duration, dose of ATRA therapy, and level of ATRA 
cell sequestration. Patients who relapse during this  interval 
have high levels of CRABPII, reduced in vitro sensitivity, 
and clinical resistance to ATRA therapy? CRABPII levels 
return to undetectable levels 3 months after ATRA  with- 
drawal and patients may then become sensitive again to 
ATRA in vivo, as seen a b o ~ e . ~ " . ~ '  

Other causes of secondary resistance may include muta- 
tions of retinoic acid receptor genes or selection of a non- 
APL clone, as observed in  myeloid leukemic cell  line^.^',^' 
However, although specific studies on fresh APL samples 
have not  been performed, recovery of ATRA sensitivity after 
sufficient ATRA withdrawal does not favor this hypothesis 
in vivo in  most cases. 

Therapeutic strategies aimed at overcoming resistance to 
ATRA are currently being studied and have recently  been 
reviewed by W a s ~ e l l . ~ ~  The addition of inhibitors of CP450 
enzymes, ie, ketoconazole and liarozole, to  ATRA  can  par- 
tially restore plasma concentration of ATRA,9s.96 but  their 
use has not so far been reported in vivo. Combination of 
interferon a to ATRA  has also been proposed, because inter- 
feron can affect the CP450 pathway. However, although the 
combination lead to an apparent reversal of resistance in one 

it triggered the acceleration of leukemia in another 
patient.42 Retinoids with better efficacy (such as RARa ago- 
nists) or  low  affinity for CRABPII may be candidates for 
either preventing or overcoming resistanceg8 (C. Chomienne, 
unpublished results). Some cytokines such as G-CSF can 
increase the differentiating effect of ATRA  on  APL cells, 
and a small number of case reports have suggested that this 
was also the case in V ~ V O . ~ ~ * ' ~  However, this additive effect 
probably requires at least some efficacy of ATRA, and this 
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is rarely the case in relapses occurring shortly after ATRA 
discontinuation in APL. Intermittent use of  ATRA may also 
be envisaged, taking advantage of the reversal of ATRA 
hypercatabolism after ATRA discontinuation. 

MINIMAL RESIDUAL DISEASE IN APL 

Amplification of PML-RARa transcripts (bcrl, bcr2, and 
bcr3) by  RT-PCR provides the necessary tool to monitor 
minimal residual disease in  both differentiation and cytotoxic 
therapy in APL.10'-'07 Technical problems have been encoun- 
tered with RT-PCR in APL, essentially linked to the poor 
cellular samples of APL or to rapid coagulation that may 
damage RNA quality. All studies demonstrate the per- 
sistance of the PML-RARa product in all APL patients after 
ATRA-induced complete remis~ion,'~' confirming that the 
leukemic clone is not fully eradicated by ATRA. On the 
contrary, RT-PCR is generally found negative after consoli- 
dation chemotherapy therapy.'03,105.107 

Whereas detection of  bcr-ab1 detection in CML, or AML1- 
ET0  in t(8;21) leukemia for example, may  not always indi- 
cate subsequent relapse in CR patients, it appears that rapid 
cytologic relapse follows the detection of PML-RARa in  CR 
patients. Indeed, the combination of three published series of 
cases made by Diverio et al,Io5 showed that 27 of 36 cases 
with positive PCR relapsed within 6 months, as compared 
with 5 of 86 patients with negative PCR.  RT-PCR studies 
will also define whether any of the PML-RAR transcript 
(bcrl, bcr2, or bcr3) has any influence in the clinical, cyto- 
logic, or biologic features and prognosis of APL. It has been 
suggested in some studies that bcr3 transcript was more 
frequent in childrenlo8 was correlated to higher leukocyte 
counts, to higher incidence of microgranular APL variant 
and of CD2 expression,lW and to poorer prognosis.'o' 

UNRESOLVED ISSUES 

Optimal  Dose and Duration of ATRA 

Most studies have used a daily dose of 45 mg/mz/d. Cas- 
taigne et a l l "  treated 30 APL patients by  ATRA at 25 mg/ 
m2/d and 24 (80%) achieved CR. Peak plasma concentrations 
of ATRA, areas under the curve, and median time to  CR 
were identical with those achieved by conventional doses 
of ATRA, but major hyperleukocytosis and RA syndrome 
developed in 30% and 20% of the cases. Castaigne et alllo 
also treated 12 APL patients with  ATRA at 15 mg/m2/d  and 
9 (75%) achieved CR, but 3 developed the RA syndrome 
(unpublished results). Thus, reduced doses of ATRA  may 
be as effective as conventional doses for the induction of 
CR in APL, but they are unable to prevent the RA syndrome. 
Low  ATRA doses may be interesting in children, as seen 
above. However, current experience suggests an at least ad- 
ditive effect of ATRA and chemotherapy in eradicating of 
the disease, and it is not known whether this additive effect 
would entirely persist at lower doses of ATRA. 

The optimal duration of ATRA treatment is also unknown. 
In a few cases in which ATRA was stopped early, after 15 
to 20 days of treatment, in vivo differentiation of APL blasts 
continued after ATRA withdrawal and CR was eventually 
obtained (unpublished results). Pharmacokinetic data suggest 

that increased catabolism of ATRA is present after less than 
4 weeks of treatment and more prolonged treatment may  not 
yield additional results.88 Our current attitude is to stop 
ATRA  when  no more APL blasts are observed in bone mar- 
row smears, which generally takes 30 to 45 days. Consolida- 
tion chemotherapy is then rapidly started. 

Chronology of ATRA and Chemotherapy in the Treatment 
of APL 

The combination of ATRA  and chemotherapy appears to 
improve the outcome of newly diagnosed APL by slightly 
increasing the CR rate but  more importantly by reducing the 
incidence of initial resistance and relapses, as compared with 
chemotherapy alone. This supports some kind of additive or 
even synergistic effect of ATRA and chemotherapy in  APL. 
Whether this additive effect is better achieved by admin- 
istrating them together or one after the other is unknown. 
The current European APL trial (APL 93 trial) is trying to 
answer this question by randomizing ATRA followed by 
chemotherapy and ATRA plus chemotherapy in newly diag- 
nosed APL. 

Role of Maintenance Therapy in APL 

As seen above, continuous maintenance therapy with 
ATRA is useless and probably even deleterious in APL.  On 
the other hand, short and intermittent periods of treatment 
with  ATRA, allowing enough time for the disappearance of 
acquired resistance between courses, could be useful, and 
a favorable role for prolonged maintenance with low-dose 
chemotherapy has also been suggested in APL.9.'4.28.29 A Chi- 
nese cooperative study suggested that postremission treat- 
ment with alternate courses of chemotherapy and  ATRA  in 
APL gave somewhat better results than chemotherapy 
alone.38 In the European APL 93 trial, after consolidation, 
patients are randomized between no maintenance, intermit- 
tent ATRA (15 days every 3 months), continuous low-dose 
chemotherapy, or both, and the US intergroup study is also 
testing the role of intermittent ATRA in maintenance ther- 
apy. 

The Role of BMT in APL 

Because more than 50% of the patients treated with  ATRA 
and intensive chemotherapy have prolonged remissions of 
their disease, the role of allogeneic BMT in first CR  in these 
patients is questionable even if results of allogeneic BMT 
seem to be better in  APL than in other AML."' However, 
our most recent results suggest that patients presenting with 
high WBC counts treated by  ATRA plus chemotherapy are 
still at relatively high risk of relapse (about 40%) and could 
be candidates for allogeneic BMT (P. Fenaux et al, unpub- 
lished data). Patients with positive RT-PCR findings for 
PML-RAR rearrangement during follow-up in first CR are 
also candidates. 

Because limited experience of autologous BMT in APL 
is available,"' its place in this disease after ATRA plus 
chemotherapy is unknown. The fact that in some cases APL 
blasts are negative for CD34 antigen'" suggests a possible 
rok for autologous BMT using marrow or circulating pro- 
genitors collected after CD34+ selection. 
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Management of Patients With High WBC at  Diagnosis 

Patients  with high  WBC at diagnosis  are still  at  high  risk 
of relapse  once they have  achieved  CR, but  they are initially 
also at high risk  of  early death.  Those  patients usually have 
severe coagulopathy at diagnosis  and bleeding  symptoms, 
and  the  incidence of early death  with  chemotherapy  alone 
remained  high in those patients. Our results  suggest that  the 
addition of ATRA  to  chemotherapy, by providing more rapid 
reversal of coagulopathy,  has  further  improved prognosis; 
of 8 patients  presenting with  WBC  greater  than 20,00O/pL 
in  the  ATRA  group of APL91 trial, 7 achieved CR  using this 
approach.49 Furthermore, because, despite  chemotherapy, 2 
of  those patients  experienced  severe  ATRA  syndrome,  the 
addition of intravenous steroids  is recommended in  those 
patients. 

Mechanism of Action of ATRA in APL 

It is still  not  very  well  understood  how ATRA treatment 
can  trigger  granulocytic differentiation in APL. Our  group 
found that pharmacologic  doses of ATRA  could  upregulate 
the nonrearranged RARa  in APL."' These high doses  could 
also function through  RXRs, which have relatively  low af- 
finity for physiologic doses of ATRA. Relocalization  of PML 
protein on its  nuclear  structures during  ATRA treatment 
could  also  be  important, as  seen above.  Finally,  although 
PML-RARa  fusion  protein  inhibits transactivation and  dif- 
ferentiation by ATRA, it binds  ATRA  and  could transacti- 
vate  target genes  at therapeutic  doses.26 

SUMMARY  AND FUTURE  DIRECTIONS 

Currently available  clinical results show that the  combina- 
tion  of ATRA  and anthracycline-AraC chemotherapy  can 
slightly increase  the  CR  rate in  newly diagnosed  APL,  from 
about 80% (with  chemotherapy  alone)  to  about  90% (94.7% 
and  94% in 2 updated European ~ e r i e s ) . " ~ . " ~  Patients pre- 
senting with high  leukocyte  counts may  particularly  benefit 
from this combined therapy. More  importantly,  combined 
therapy seems  to  reduce  the  incidence of relapse (particularly 
of early relapse)  as compared with chemotherapy  alone. 
However, treatment with  ATRA is  still complicated by the 
risk of hyperleukocytosis and potentially  fatal RA  syndrome, 
whose  pathophysiology  remains poorly known  and  for which 
the best preventive  approach (addition of chemotherapy and 
or dexamethasone)  is still debated. Furthermore, because 
some patients achieving  CR still  relapse,  prognostic factors 
for  relapse need to  be precisely determined.  They certainly 
include  high  leukocyte  counts  and persistence or reappear- 
ance of PML-RAR transcript during follow-up. Allogeneic 
BMT  should  be  considered in those patients. 

Although the  advent of ATRA  has  improved  APL  progno- 
sis, most of the  patients  who are not cured  by the combina- 
tion of ATRA  and  chemotherapy  or by subsequent allogeneic 
BMT still die  from their  disease. This  is  due  to  the acquisi- 
tion of progressive resistance  to  ATRA by APL  cells that 
appears  to  depend  on  induction of increased  ATRA catabo- 
lism  in APL  cells.  Current  efforts  aimed  at  overcoming this 
resistance  (including  intermittent ATRA schedules,  synthesis 
of new retinoid compounds,  and  use of  inhibitors of cyto- 
chrome  p450)  are  being  developed. 

Finally,  the  differentiating effect of ATRA in APL cells 
encourages  the  development of differentiating  treatment  ap- 
proaches in other  types of acute  leukemias, especially AML. 
However,  less  than 5% non-APL  cases of AML  seem  to 
respond to  ATRA,  (such  as the M2AML  cells that allowed 
the establishment of HL60  cell  line)  and  the differentiation 
is  generally  not as  complete as for  APL,  with limited  results 
in V ~ V O . ~ ~ ~ ~ "  Combinations of retinoids with  other  agents  are 
currently  tested  in AML  other than APL  by different  groups. 
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