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Significance of kinetic detection of the
PML-RARX fusion gene in children
with acute promyel ocytic leukemia

Ya Ping YU, Ji-Hong YANG', YuarFeng FU?, Hai-NingLIU®, Ping SHI*, YongPing ZHAI', Yu-Me TANG

1. Department of Hematology; 2. Department of Pediatrics, Nanjing General Hospital of Nanjing Military Com-
mand, Nanjing 210002, China

Abstract : Objective To study the sgnificance of kinetic detection of the PML-RARX fuson genein the treatment
of childhood acute promyeocytic leukemia (APL) . Methods Ten children with APL were involved in this study. They
were administered with dktrans retinoic acid (ATRA) aone or with ATRA plus other chemothergpeutic drugs during
remisson induction, conslidation and maintenance treatments and were followed yp. The bone marrow sanmples were
regulary collected for morphological evaluation and PML-RAR fuson gene detection (by RT-PCR assay) . Results The
median follow-up time was 42 months (ranging from 14 to 156 monthg . The estimated 5 year dissasefree surviva rate
was 56. 0+ 18.5 %. Clinica complete remisson (CR) was obtained in 9 cases (90 %) and 1 case died on the 4th day
ater ATRA treatment. Of the 9 cases, 4 cases rdgsed 14 - 42 months ater CR and 5 cases remained continuous CR.
Among the 4 cases with rdgpse, the PML-RARX fuson gene was postive in 2 cases and it converted into postive in
another 2 cases. Of the 5 cases with continuous CR, 3 cases with apodtive PML-RARX fudon gene 24, 42 and 36
months &ter CR were given sdvage thergpy. After the sdlvage treatment , the 3 cases had negative PML-RARX fuson
gene Conclusions A oontinuous negative PML-RARI fudon gene may be asmociated with long-term disasefree
survival. The kinetic detection of PML-RARX is important for modifying treatment and for preventing hematological
rdgpsein the treatment of APL.
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Acute promyelocytic leukemia (APL) isa gecif-
ic type of acute myeloid leukemia characterized by the
morphology of blast cell , by t(15;17) trandocation
which fuses the PML gene on chromosome 15 with
the retinoic acid receptor (RAR)X gene on chromo-
ome 17 to be the PML-RARX fuson gene, and by
ecific coagulopathy. The introduction of al-trans
retinoic acid (ATRA) and arsenic trioxide (A$03)
improved prognoss of APL compared to standard
chemotherapy with anthracyclines and
bine'* 2!, More than 90 % complete remisson (CR)
rates of APL have been achieved by chemothergpy
combining with ATRA. However, a proportion of

cytarar

patients with CR will eventudly relgpse and die of re-
current leukemia. Much research has demonstrated
that a podtive PML-RARI d&ter the consolidation
treatment is a strong predictor of subsequent hemato-
logic relgpse, whereas repeated negative results were
asociated with long-term survival in a mgority of pa
tientd®!. This study aimsto investigate the therapeur
tic effect of ATRA combining with other chemothera
peutic drugs and the dgnificance of kinetic PML-
RARX fuson gene detection in children with APL.

Subjects and methods

Subjects

Ten children with APL and ho9itaized between
1989 and 1998 were enrolled in this study. There
were 7 maes and 3 females with ages ranging from 6
to 12 yearsold (the average age was 9) . Their initid
white blood cdl (WBC) oount of them was 1.6 - 27
x10°/L. APL was dignosed udng the criteria of the
French-American-British ( FAB) oooperative study
group. Two cases were classfied as microgranular or
variant (M3v) APL on morphologic examination.
Hematologic CR and hematologic relgpse were defined
according to the criteria of diagnoss and the therar
peutic effect for blood disease!*!. Before ATRA treat-
ment , the PML-RARX fuson gene was postive in 7
children. The deadline for follow-up was by the end
of December , 2002.
Induction treatment and post-remission treatment

] 1008 - 8830(2004) 02 - 0089 - 04

Orad ATRA was administered every 12 hours
with daily dosage of 60 mg/m? untii CR was
achieved. CR was defined as 5 % blasts plus promye-
locytesin a norma cellular marrow with a norma pe-
ripheral blood count and an absence of dgns and
symptomsof leukemia. The childrenin CR received 3
ocourses of oconolidation treatment monthly with
daunorubicin of 45 mg/ m? for 3 days and cytarabine
of 200 mg/ m? for 7 days. During the continuation
treat ment following consolidation , homoharringtonine
plus cytarabine were administered in the first month,
daunorubicin plus cytarabi ne were administered in the
fourth month, A TRA was administered in the seoond
and fifth months, and 6 mercatopurine (6-MP) plus
methotrexate (M TX) and low dose cytarabine were
administered in the third and dxth months. Snce
1998, during the second continuation treatment,
6MP plus MTX has been administered in the first
month, ATRA in the second month and arsenic tri-
oxide in the third month. When the ATRA syndrome
occurred , the dose of ATRA was reduced or discort
tinued temporarily and 10 mg dexamethasone was ad-
ministered every 12 hours. The same dose of dexanr
ethaone was d< administered in the caes whose
WBC counts were greater than 5 x 10%/L , 10 x 10%
L and 15 x 10°/ L on days 5, 10 and 15, regectively
ater being treated with ARTA.

Detection of PML-RARX fusion gene

The bone marrow samples were collected for
morphological evauation and PML-RARX fuson gene
detection before treatment , after remisson induction,
ater conslidation treatment , regectively , and then
followed up every 3 to 6 months. The samples were
processed for RNA extraction (by the one step guani-
dinum-thiocyanate-phenol-chloroform method) The
sequence of oligonucleotides used in this study were as
follows: (a) retrotranscription, 5 TGGAGCT-
GCGCGGAA GAAGCCTTGCA G&3; (b) firg round:

3 CTCACA GGCGCTGACCCA , 5 CCGATG
GCTTC GACGACGAGTTCA, 5 GTCATAG
GAAGTGAGGTCTTC. (c) second round: 3
AGCCTCAGGACTTGTCCTGA, 5 TTCAAGGT-
GCGCCTGCAGGA, 5 GTCATAGGAAG TGAG
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GTC TTC. After the second round, the amount of
10p | of the PCR mixture wasrunon a2.5 % agarose
gd , stained with ethidium bromide , and was then vi-
suaized with an ultraviolet lamp.
Satistical analysis

Discasefree survivad (DFS) is defined as the
time from the beginning of complete remisson to re-
lapse or death from any cause on patient. Anayss of
DFS was performed with the Kaplan-Meier product-
limit estimation.

Results

Results of therapy

Of the ten cases, 9 cases (90 %) achieved CR,
with a CR median time of 37 days (ranging from 31
to 45 days) , and 1 case died of cerebrad hemorrhage
on the 4th day ater starting ATRA treatment. The
median follow-up time was 42 nonths (ranging from 14
to 156 months . Four cases rdapsed 14 - 42 months eter
CR and died, 4 cases survived without trestment for 18 -
96 months &ter they had CRfor 45 yearsand 1 case was
qill in the continuation treatment. The edimated 5 year
DFS rate was 56 + 16.5 %.
PML-RARX fusion gene and clinic outcome

The PML-RARX fuson gene was seridly detect-
edin 6 cases (cases 1 to 6) from initia diagnoss and
in 3 cases (cases 7 to 9) from 10 to 36 months &fter
CR. Of the 4 caseswith relgpse, the PML-RARI fu-
son gene was persstently postive in 1 case and cornr
verted to pogtive in another 2 cases which had a neg-
ative PML-RARt fuson gene between 12 to 18
months after CR. The PML-RARX fudon gene was
perdstently podtive before relgpse and then converted
to negative as relgpse in 1 cae. This was confirmed
to be acute monoblagtic leukemia according to mor-
phocytochemical characterization and immunopheno-
type examination. Three cases (cases 6, 8, and 9)
with a postive PML-RARX fuson gene 24, 42 and
36 months ater CR were given salvage therapy with
idarubicin plus cytarabine (1A) for case 6 and arsenic
trioxide for cases 8 and 9. After 6 monthsof complet-
ing salvage therapy, the podtive PML-RARI fudon
genes converted into negative and they were ill in
hematologic and molecular CR. See Figure 1.
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Figure 1 Resultsof PML/ RARafase gene and
dinica outocomein 9 children with APL
PML-RARX postive; PML-RARX negative; | Hematologicd
rdgpse; CCR: continuous complete remisson; m: month

Discussion

ATRA has been demonstrated to be an efective
agent for inducing CR in APL!®!. The resultsin this
study are in agreement with previous reports. How-
ever , the efficacy of maintenance thergpy with A TRA
done ater CR is undesrable, with only five months
of median CR duration. It has been shown that
chronic ora administration of ATRA resulted in a
progressve decrease of plasma concentrations, with
an increase of urinary eimination of its metabolite
which suggests an increased catabolism of the drug.
The increased catabolism might be because A TRA can
induce cytochrome p450-like enzyme systems and/ or
increase cytoplasmic retinoic acid binding proteins lev-
dsin norma tissues, which could clear the drug from
&7, ATRA with
chemotherapeutic agentsis thought to be more effec
tive in the maintenance treatment of APL than A-
TRA done. The diminution of leukemic clone was
achieved by a oomplementary mechanism of
chemotherapeutic killing and A TRA-induced differen-
tiation. Meanwhile, combination thergoy may alevi-
ate the sde-effectsof long-term chemothergpy and re-
duce leukemic cell resstance to A TRA® 8!

The PML-RARI fuse geneisa gecific molecular
marker of APL. Severa invesigators® ' have
adopted the term molecular remisson, which is de
fined to be the negative PML-RARI fuson gene in

plasma[ A oombination of

.91 -



6 2
2004 4

ChinJ Contenp Pediatr

Vol.6 No. 2
Apr. 2004

the bone marrow , as a more advanced thergpeutic
god inthisdisase. On theother hand, molecular re-
lapse ater treatment is defined as the regopearance of
the podtive PML-RARI fuson gene in 2 successve
bone marrow samples oollected &ter conslidation
treatment and no evidence of disease at the morpho-

§121 Dpiverio et a!™! recently reported

logic anays
the results of a prospective study in 163 patients who
were investigated for the PML-RARI fuson gene at
regular intervas ater the end of treatment. Twenty
of 21 patients whose negative PML-RARX fuson gene
converted to postive relgpsed within a median follow
up time of 3 months, whereasonly 8 of 142 patients
with at least two successve negative PML-RARX fu-
son genes relgpsed within a median follow-up time of
18 months. In the 4 relgpses reported in this study ,
the PML-RARI fudon gene was perdstently postive
in 2 cases and converted to podtive in another 2 cases
through treatment duration. However , relgpse can
potentialy be averted through intensve consolidation
with hematopoietic ssem cdl trangplantation, arsenic
trioxide, etc. Lo Coco et al'**® recently reported
that 14 patients were given salvage thergpy cond sting
of ATRA and chemothergpy at the first molecular re-
lapse and 12 of them achieved the second molecular
remisson. In this study, 3 patients with a postive
PML-RARX fudon gene were given sdvage therapy
with combined chemothergpy or arsenic trioxide and
obtained molecular remisson and long-term survival.
It is suggested that the kinetic detection of the PML-
RARI fudon gene is important for modifying
chemotherapy regimes and averting relapses in the
treatment of APL.
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