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ABSTRACT: We report clinicol, immunologic, ond cytogenetic chorocteristics of six potients with o

t(1;19)(q23;p13J thot wos bolonced in one cose and of the unbolonced type [-rS,der
(tS)t(1;1,9)(q23;pl3)l in the remoining five coses. Introcytoplasmic immunoglobulins [cIgJ
were positive in the three coses where they were found. l,Ve olso report on onother potient, with
a t(77;1.9) involving 77q77 ond probably 19q13 regions, olthough involvement of 19p13 could
notbeexcluded. Inthispotient, clgwere oisopresent,thusroisingtheissueof whethersucho
reorrongement could be o voriont of t(7;1s). Clinically, five potients belonged to the high-risk
ocute lymphoblostic leukemio (ALL) group, becouse of high leukocytosis, centrol nervous

system (CNSI diseose of presentation, or mossive orgûnomegaly, Cytologically, oll coses were

FAB type L1.. Except for the two coses ollogrofted in the first complete remission (CRJ ali
potients relopsed, three of them within 13 months. Two CNS relopses !ÿere seen in spite of
odequote CNS prophyloxis. ALL with t(1;19) oppeors to be o poor-risk ALL subgroup ond
probab.ly requires a reinforcem ent of theropeutic modalities thot might inciude, when possibie,

allografting ot fTrst CR.

INTRODUCTION

In recent large series of acute lymphoblastic leukemias (ALL), emphasis has been put
on the important prognostic value of cytogenetic findings at diagnosis U-31.
Translocations, such as t(9;22)[q34;q11), t( ;11)[q21;q23), and t(a;r+)[q24;q32), in
particular, are associated with a short survival [2] and their finding in ALL is now
regarded by most authors as an indication for early bone marrow transplantation
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(BMT) in first compiete remission tCR) t4l. The t(1;19), which is encountered in
25-35o/o of pre-B ALL cases, was originally thought to involve 1q23 and 1gq13
regions [5-B]. Recently, the use of celi synchronization techniques has shown that
the breakpoint on chromosome 19 was located in 19p13.3 [g, 10], thus leading to a
t[1;19)[q23;p13.3). Twenty-six cases of ALL with t[1;19) have been reported so far,
and controversy on the prognostic value of this finding in ALL still exists. We report
seven additional cases of ALL with chromosome 19 abnormaiities, six of which had a
t[L;19)(q23;p13), whereas one showed probable t(1Z;19)(q11;q13).

MATERIATS AND METHODS

Chromosomes from bone marrow (BM) or peripheral blood (PB) were studied
without stimulation after 24-hour culture in Eagie rrredium supplemented with 20%
calf serum. Chromosome preparations were made according to standard G- or
R-banding methods. Karyotypes were described according to the ISCN 1978 [11].

RESULTS

Cytogenetic Findings

of 200 newly diagnosed ALL patients (excluding Burkitt ALL) studied at our
institution between January 198L and September lgBZ, R and/or G banding were
successful in 174 patients, including 85 children (<15 years) and Bg adults 1>rs
years). Ninety-two of the patients (53%) were found to have clonal abnormalities. A
specific transiocation between chromosomes 1 and 19[t(1;19)(q23;p13)1 was iden-
tified in six patients. A balanced tfr;rg) was observed in case ]., associated with
chromosome 14 monosomy. In cases ,2,3,4, 6, and 7, a pair of normal chromosomes
1 and normal chromosomes 19 were present, and the abnormal chromosome Lg
(der19) consisted of most of the other #L9 translocated to part of the long arm of
chromosome 1 (i.e., -19,*der(19)t(1;19)(q23;p13)) [Fig. 1).

In patient 7, der(19)t(1;19) was associated with del(s)(pzr) in 1a cells and 12
normal mitoses.

In patient 5, an unusual balanced t(r 7;19) was present as the sole anom aly in 4Zo/s
of the cells and associated with duplication of chromosome X in 58% of the mitoses
IBM and PB) [Fig. 2). It involved bands 1.7q1.1and probably 19q13 rather than 19p13,
although the latter interpretation cannot be ruled out [Fig. i). fir" constitutional
karyotype of the patient \^/as normal (zs cells). Complete resuits of chromosome
studies of the seven patients are shown in Table 3.

Clinical, Cytologic, and Immunologic Findings
Initial data are summarized in Tables 1 and 2. There were four males and three
females with a mean age of 16.8 years (range 7-26 years). Organomegaly, including
spienomegaly, was present in every patient and was massive in two, but no
mediastinal enlargement was found. Patient t had central nervous system (CNS)
disease at presentation. Other risk factors inciuded high leukocytosis (>100 x 16s/L)in three. Cytologically, all cases were classified 

"r f'ag L1 subgroup. Immuno-
logically, blasts were T (CDr)-, slg-, CALLA*, Ia* in the six cases sfudlÀd (Table 2J.
Cytoplasmic immunoglobulins [clg) were found in the four patients tested, thus
proving their pre-B origin.
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Figure 1 Representative karyotype from case 3: 46,XY,-19,der(19),+t(1;19)(q23;p13) (GTG
banded); breakpoints are indicated by arrows.

All patients were treated with the FRALLE 83 protocol [tz], which includes
daunorubicin in the induction course, CNS disease prophylaxis by intrathecal MTX,
and cranial irradiation, three to four intensive consolidation courses, and mainte-
nance therapy for 2 to 3 years. Complete remission was achieved in six patients, but
patient Z died of sepsis during the period of aplasia.

Patients 4 and 7 were allografted early in the first CR and remain in remission 10*
and 58+ months, respectively, after BMT. All the other patients relapsed: three
relapsed early at 5, 10, and t3 months, in marrow (case 6), CNS (case 3), and both
(case 1), respectively. Patient s had a late relapse at 47 months in bone marrow.
Patients L, 3, and 5 obtained a second CR with chemotherapy, and patient 3 was
allografted after a second CNS relapse, in the third remission. He remains in CR 10
months after BMT.

DISCUSSION

Among 92 ALL patients with abnormal cytogenetic findings seen at our institution,
seven had a structural rearrangement involving chromosome 19, with
t(1;19)(q23;p13) in six cases and a probable t(17;19)(p1r;q13) in the remaining
patient. Patient 7, who has previously been reported [16], had both t(1;19) and
de(e)(p21).

In Table 4 the clinical, cytologic, and immunologic data of the 26 previously
published cases of ALL with t(1;19) are summarized. Sex and age were reported in 1g
cases, nine of whom were males and ten females, with a mean age of B years. Clinical
findings were detailed in only six patients, and five had organomegaly, a finding that
was constant in our series. No mediastinal mass or CNS disease at diagnosis was
reported in other series, whereas our patient t had initial CNS involvement. The
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Table 2 Immunologic studies in the seven patients

Patients T(CDr) slg CALLA Ia CIg

1. D.G.
2. L,C.
3. B.P.
4. R.A.
5, M.P.
6. R.R.
7. G.D.

13

+
+
+
+
+
+

ND

+
+
+
+
+
+

NDNDND

Abbreviotion: ND, no data.

average leukocyte count was 1.2 x 10e/L in one study [6], and seven of the other 14
patients in whom the leukocyte count is available had more than 25 x 10e/L but only
one had more than L00 x 1,OslL. Most published patients therefore appeared to
beiong to the standard-risk group. In contrast, five of our seven patients belonged to
the high-risk group, patients 5, 6, and 7 by means of leukocytosis >100 x 10e/L,
patient L because of CNS disease at presentation, and patient 4 because of massive

Figure 2 Five partial karyotypes showing t(17;19)(q11;q13) (RHG and GTG banded) in a case
of pre-B ALL.

u& 

- 

&: ;sfr)-

w
ftrÉ
'::;:tL.

qffi
ffi
#

t(t 7 ;19)

ffi-
t$ fu*-

#*

+
ND
+
+
+

I.{D

ND

ll t9



1.4

Table 3 Cytogenetic results in the seven patients

Patient Material Culture No. of cells Normal cells Abnormal cloneo

1. D.E.
2. L.C.
3. B.P,

4. R.A.

5. M.P.

6. R.R.
7, G.D.

PB
PB
PB
BM
BM
BM
BM

PB

PB + PHA
PB
PB

24 hr
24 hr
24 hr
24 hr
24 hr
24 hr
24 hr

24 hr

72 hr
24 hr
24 hr

32

20
39

3

31

27
I

23

25
77

26

26
16
31

,),

8

27

25

72

45,XY, - L4,t(1;19)(q2 3;p13)
46,XX, - 19, + der(19Jt(1;19)(qz3;p13)
46,XY, - 19, + der(19)t[1;19)(q2B;p13)
46,XY, - 1g, + der(19)t(1;19)(q23;p13)
46,XY, - L9, + derf19)t(1;19)(q2 3;p13J

46,XY,t(17;19)(q11 ;q13) (5)
47,XY,+X,t(1 7;19)(q11. ;q13) (3)
46,X,+X,-Y,t(17;19)(q1r;q13) (8)
47,XY,+X,t(1 7;19)(q1 1 ;q1 3) (15)

46,XX, - 19, + der(19)t(1;19)(q23;p13)
+6,XX,del(9)(p21), - 19, + der(19)

t(1;19)(q23;p13)

Abbreviations: PB, peripheral blood; BM, bone marrow; pHA, phytohemagglutinin.
o The number in parentheses is the number of cells.

Table 4 Review of the literature

Medias-
Organo- tinal
megaly Mass

CNS WBC
disease (10'g/L)

Morphol-
ogy
FAB

Immunologic results

Patients
Agel
sex sIg CALLA CIgT

+

ND
ND
L1
Ll
L1.

L1
L1.

L1
L1
L1
L1

7

2

3

4
5

6--l
7l
8l
e_l

10
1.1.

L2
13

14
15
16
17
18
19
20

21.lM
30/M

8/F
5iM

1elF

2i!l, 2F,
average

11 yr

2,5lF
2li|l

3,5/M
3/F

1.lF
9 mo/F

4l}'4
16iF
4l}l
3lF

3,7
7,4
6,2
7,4
4,0

average
'j.2

24,7

1B

49,5

+
+
+
0
+

0
0
0
0
0

L1
L2
L7
L1
L7

+
ND
+
+
+
+
+
+
+

ND
+

ND
+
+
+
+
+
+
+

ND
ND
ND
ND
ND
+
+
+
+

ND
ND
+

ND
+
+
+
+
+
+
+

ND
+

ND
ND
+
+

,1

22
23
24
25
26

8,8
4,0
0,8
8,0
3,0
4,9

Ll
L1
LI
L2
L1
L1

ND+
ND+
ND+
ND+

+
+
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organomegaly. Furthermore, four of our patients were aged ta years or more.
Cytologically, all our cases, and all previously reported .ur", lexcepi two that were
L2) [1,15] could be classified as FAB L1.

Immunologically, in the 15 published patients in which they were searched, clg
were found in every case, showing their pre-B cell origin, whereas another patieni
had T-cell ALL [5]. In our patients, the pre-B origin [17] was documented in four
cases, whereas in the three remaining cases, no search for clg couid be made.

Interestingly, clg were found in patient 5, who had the t(17;19), thus proving the
pre-B origin of this ALL case and raising the issue of whether such a translocation
could be a variant of t[1;19)(q23;p13), The fact that 19q13 region seemed involved in
this patient argues against the variant hypothesis. However, we could not exclude an
involvement of 19p13 rather than 19q13. Nothing is known about the mechanism
whereby t[1;19)[q23;p13) contributes to leukemogenesis, but a ce]lular oncogene,
c-ski, has been mapped to 1q23 and to the human insulin receptor gene, which has
structurai homologies with the epidermal growth factor receptor [erb B) to 19p13
[18]. The finding of variant translocations of t[1;19) in pre-B cel] ALL, involving
19p13 but not 1q23 would stress the importance of rearrangements of the rsprl
region in this subset of ALL.

Table 4 Continued

15

Karyotype abnormalities
First CR
duration (mo) Ref

a7,XY,t(s ;22 ) (q3a ; q 1 1 ),t ( 1 ; 1 e ) ( q2 1 ;q 1 3 ), i ( 7q), + 7,Bp +
47,XY,t(1 ;1e) (q2 1 ;q 1 3 ),9p +,det ( r 0 )@za),1 aq+,17 p + q*, * 21
a6,XX,t(1 ;1 9){qz1 ;qz3)
s5,XY, +t(1;19)(q21;q13)+4,+ 6, + 8 ,+ 14,+17 ,-1s,+z\,+ 21, *mar1, *mar2
46,XX, - 19, +t(1 ;1e)(q21 ;q1 3)
a6,XY,t[1 ;19)[q23;q1 3), - rg, + derrg,t(1 ;19)(qz3;p13)
47,XX,t(1 ;19)(q23;q13) +B
46,XX, - 19,der1 9t(1 ;1 9)(q23;q13)
47 ,XY -19 der19t(1;19)(q23;q13)
a6,XX,t(1 ;1e)(q21 ;q1 3)t(1 ;13)(q12;p1 3),t(1 3;21)(q1 3;q21.2)
47,XY, + 8,- 1s,t(1 ;1s)(q21 ;q1 3),inv(s)(q1 3,q35)
a6,XY,t(1 ;19)(q23;p13),13q+
46,XX,t(1 ;1e)(q21 ;q1 3)
a6,XY,t(1 ;1e)(q23 ;p1 3.3),1 3q+
48,XY, + s, + 10, - 19,der(i9)t[r ;19)(q23;p13.3)
4s,XX, - 20, - 1e, + der(1e)t(1 ;1e)(q23;p1 3.3),del(B)(q22)
45,XX, - 1 3, - 1 e, + der[1e)t(1 ;1e)(q23;p13.3),del(s)(p1 3)
46,XX,14p +, - 19, + der(19)t(1 ;19)(q23 ;p1 3.3)
46,XX,2p+,- 19, + der(19)t(1 ;1 9)(q23;p13.3)
46,XY, - 1e,der(19)t(1 ;19)(q23;p13.31,i(zq)
46,XY,inv(9)(p1,2,q13)t46,Xy, - 9, - 13, * ?20, *mar,t(1;19)+ mar,t(1;19)

(q23;p13.3),inv(s)(p12q1 3),t(1a;?)(q1 1 ;?)
a6,XX,t(1 ;1 e)[qz3;p1 3)
a6,XX,t(1 ;1e)(q23;p13)
46,XY,- 1s,der(19)t(1 ;1e)(q23;p1 3)
46,XX, - 19,der(1e)t(1 ;1 9)(q23;p1 3)
46,XX, - 1e, + der(1eJt(1;1e)(qz3;p13)
a6,XX,t[1;1e)(q23;p13)/49,XX, + s, + B, + 8,t(1;1e)(q23;p13/46,XX,

- 1e, + der(19)t(1 ;19)(q23;p1 3)

36
8

7

21.*

15+

median
CR 8,5

tsl
tsl
t5l
l5l
tsl
t6l
l6l
t6l
t6l
17l

t8l
[13]
[14]
tel
tel
tel
tel
tsl

tsl

lsl
[15]
[1s]
[1s]
[15]
[15]
[15]



16 J.L. Laï et al.

Among the 32 reported patients with t(1;19) (including our six cases), this
translocation was balanced in 16 cases and unbalanced [with -19,der(19)t(1;19)] in
15 patients, whereas the remaining patient had a mosaicism of both types of leukemic
cells [15]. No clinical, cytologic, immunologic, or prognostic differences appeared to
exist between these two different subgroups.

Although translocations as a whole are associated with a poor prognosis in ALL,
the outcome of patients with translocations other than t[8;14),t(9;22) and t(4;11) is
not precisely defined, Michael et al. [5] considered that t(1;19) did not carry a poor
prognosis, but two of their five patients had an early relapse. Median duration of the
first CR was only 34 weeks in the cases reported by Caroll et al. [6], and three of the
six patients of Shikano et al. [f s] had short remissions, In our series, we observed
three early relapses at 5, 10, and 13 months, respectively, and one late relapse at 47
months. In these patients, however, the "impact" of the t(1;19) on the occunence of
early relapse cannot be determined as three of the four had poor prognostic factors
(CNS disease at presentation in one 800 and 480 x 'J,}elL leukocytes in the others).
Nevertheless, in one series [6], prognosis of the pre-B ALL with t(1;19) was less
favorable than that of pre-B ALL, without t(1;19), although the latter had higher
Ieukocyte counts, Accordingly, the two patients of Michael et al. [S] and two of the
three patients of Shikano et al. [15] who had early relapses belonged to the
standard-risk ALL group. Of note is the fact that we encountered two CNS relapses in
spite of adequate CNS prophylaxis. Shikano et al. [15] also reported one case of CNS
relapse. Although the number of patients with t[1;19) reported is still small, early
relapses after chemotherapy seem to occur frequently. Apart from our three cases, no
other reported patient underwent bone marrow transplantation (BMT). Our three
allografted patients (two of whom were grafted in first CR) remain in remission, but
follow-up is still short in two of them.

Allogeneic BMT in the first CR has clearly improved the prognosis of very high risk
ALL, such as ALL with the Philadelphia chromosome [a]. The t(1;19) aiso appears to
be a high-risk factor in ALL, although larger numbers of patients and longer
follow-up wiil be required to ascertain this point. Its presence may require a
therapeutic reinforcement. Whether such reinforcement should include allogeneic
BMT (when possible) in the first CR will also have to be determined in larger studies.

The authors thank Dr. A, A, Sandberg for his advice on the interpretation of the karyotype in
patient 5.

REFERENCES

1. Bloomfield CD, Goldman AI, Alimena G, Berger R, Borgstrôm GH, Brandt L, Catovsky D,
De La Chapelle A, Dewald GW, Garson OM, Garwicz S, Golomb HM, Hossfeld DK, Lawler
SD, Mitelman F, Nilsson P, Pierre RV, Philip P, Prigogina E, Rowley |D, Sakurai M,
Sandberg AA, Secker Walker LM, Tricot G, Van Den Berghe H, Van Orshoren A, Vuopio P,
Whang-Peng J [L986): Chromosomal abnormalities identify high-risk and low-risk patients
with acute lymphoblastic leukemia. Blood 67:475-42O.

2. Pui CH, Williams DL, Raimondi SC, Rivera GK, Look AT, Dodge RK, George SL, Behm FG,
Ctist WM, Murphy SB (1987): Hypodiploidy is associated with a poor prognosis in
childhood acute lymphoblastic leukemia. Blood ZA:247-ZSJ.

3. williams DL, Harber l, Murphy SB, Look AT, Kalwinsky DK, Rivera G, Melvin SL, Stass S,

Q"!t__CV (19s6): Chromosomal translocations play a unique role in influencing prognosis in
childhood acute lymphoblastic leukemia. Blood 62:2O5.

4. Forman sJ, o'Donnell MR, Nademanee AP, snyder DS, Bierman pJ, schmidt GM, Fahey fL,
Stein AS, Parker PM, Blume KG (1987): Bone marrow transplantation for patients with
Philadelphia positive acute lymphoblastic leukemia. Blood 70:sB7-588.

5. Michael PM, Levin MD, Garson OM (198a): Translocation 1;19. A new cytogenetic
abnormality in acute lymphocytic leukemia. Cancer Genet Cytogenet 1Z:JBZ-14L.



t(1;1e)(q23;p13) in ALL

Caroll AJ crist wM, Parmley RT, Roper M, cooper MD, Finley wH (1984): pre-B cell
leukemia associated with chromosome translocation 1;19. Blood 63:721-724.
Garry MB, Grindley RM (198aJ: Translocation between chromosome 1 and 1g in acute
lymphoblastic leukemia. Cancer Genet Cytogenet 13:343-344.

8. Werner-Favre C, Cabrol C, Wyss M, Engel E [198a): Translocation t(1;19)(q21;q13) in acute
lymphoblastic leukemia, Cytogenet Cell Genet 3B:240.

9. Williams DL, Look TA, Melvin SL, Robertson PK, Dahl G, Flake T, Stass S (1984): New
chromosomal translocations correlate with specific immunophenotypes of childhooâ acute
lymphoblastic leukemia. Cell 36:101-109.

10. Michael PM, Garson OM, Callen DF (1985): A review of the t(1;1gJ breakpoints in acute
lymphocytic leukemia. Cancer Genet Cytogenet 1.7:79-BO.

11. ISCN (1978): An International System for Human Cytogenetic Nomenclature (1978). Birth
Defects: Original Article Series, Vol XIV, No. 8 (The National Foundation, New york , rcza);
also in Cytogenet Cell Genet ZL:JOS-.404 (1978).

12. Schaison G, Leverger G, louet JP, Taboureau O, Vannier |P, Bordigoni p, perel y, Bancillon
A, Lepage E (1987): Mediastinal mass improves_ the prognosis oichildren ALL with high
hyperleucocytosis. A study of tzz cases treated with , fi.r" drug induction and monthiy
pulses (abstract). Blood 70 (suppl):237a.

13. Abromowitch M, Williams DL, Melvin SL, Stass S (198a): Evidence for clonal evolution in
pre-B cell leukemia. Br J Haematol 56:409-416.

14. Kaneko Y, Rowley fD, Variakojis D, Chilcote RR, Check I, Sakurai M (1982): Correlation of
karyotype with clinical features in acute lymphoblastic leukemi". è"rr"*, Res 42:2918-
2929.

15. Shikano T, Kaneko Y, Takazawa M, Ueno N, Ohkawa M, Fujimoto T [1986): Balanced and
unbalanced L;L9 translocation associated acute lymphoblastic leukemias. Câncer 5g:2239-
2243.

16. LaÏ JL, Fenaux P, Pollet lP, Estienne MH, Savary JB, Huart J|, Deminatti M (19881: ALL with
9p anomalies: A report of 4 additional cases and review of the literatuie. Cancer Genet
Cytogenet 33:99-109.

1'7. Vogler LB, Crist WM, Buckman DE, Pearl ER, Lawton AR, Cooper MD (1978): pre-B cell
leukemia' A new phenotype of childhood lymphoblastic leukemia. N rnjl I Med 19B:BZ2-
87B.

18. YalC-Feng TY, Francke U, Ullrich A (1985): Gene for human insulin receptor: localization
to the site on chromosome L9 involved in pre-B cell leukemia, Science Z^ZI:ZZg-231,

\7

6.

7.


