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Minimal residual disease
monitoring in adult T-cell acute
lymphoblastic leukemia: a molecular
based approach using T-cell receptor
γγ and δδ gene rearrangements
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Background and Objectives. Minimal residual disease
(MRD) is important in the measurement of response to
treatment in childhood B- and T-cell acute lymphoblas-
tic leukemia (ALL) and in adult B-cell ALL. Little is known
about MRD evaluation in adult T-cell ALL. This study
aimed to determine the prognostic significance of MRD
measurements in adult T-cell ALL.

Design and Methods. T-cell receptor (TCR) γ (G) and TCR
δ (D) gene analyses were carried out at presentation in
49 patients with de novo T-ALL using a polymerase chain
reaction (PCR) approach. In 26 of the patients bone mar-
row (BM) samples were collected at sequential time
points (0-2, 3-5, 6-9, 10-24 months) after diagnosis for
MRD investigation. The relationship between MRD status
and clinical outcome was investigated and correlated
with age, gender and white blood cell count at presen-
tation.

Results. TCRG clonal gene rearrangements were found in
40 patients (82%). Eleven patients showed TCRD
rearrangements (22%), in one of them as the sole mol-
ecular marker. VγI family rearrangements predominated
(45 of 65 alleles) together with Vδ1-Jδ1/2 (9 of 13 alle-
les). Continuous clinical remission (CCR) occurred in 17
patients while nine patients relapsed. MRD analysis
showed that negative tests during the first 6 months post-
induction, and persisting negative MRD after induction
were the best predictors of CCR. A positive test after 5
months was better at predicting relapse. In only four of
seven patients was relapse preceded by a positive test
the 5 months preceding relapse.

Interpretation and Conclusions. Overall the ability of pos-
itive and negative tests to predict relapse or CCR was
weaker in this cohort of adult T-ALL patients than in T-
and B-lineage childhood ALL and B-lineage adult ALL.
TCRG and TCRD gene analysis provides a clonal marker
in the majority of adult T-ALL. These results suggest that
caution should be taken in using MRD data based on
TCR gene rearrangements to predict prognosis in adult T-
ALL. Biological reasons may underlie differences between
the performance of MRD tests in B- and T-lineage ALL.
Further studies in a larger cohort of patients are needed
to determine the exact role that MRD determination has
in the management of T-ALL in adults.
©2002, Ferrata Storti Foundation
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Most patients with acute lymphoblastic
leukemia (ALL) enter remission with stan-
dard induction therapy. Since many, par-

ticularly adults, relapse, it is important to identify
those patients at greater risk of disease relapse
who might benefit from more intensive therapy or
stem cell transplantation in first remission.  Pre-
senting white blood cell count (WBC), age, gender,
cytogenetics, percentage of bone marrow blasts
at day 8 or day 14 post-induction, and prednisone
response are established criteria for stratifying
patients with ALL into low, intermediate and high
risk groups. Molecular assessment during therapy
using immunoglobulin (IG), T-cell receptor (TCR)
or fusion genes associated with recurrent chro-
mosomal abnormalities has shown that minimal
residual disease (MRD) is an independent prog-
nostic factor in childhood B- and T- lineage ALL.
It is more reliable for risk stratification than age,
gender and WBC.1-6 Also, MRD monitoring using
immunologic tests and three or four color flow
cytometry has been shown to be highly sensitive
and better at predicting outcome than conven-
tional morphologic assessment in ALL7,8 and acute
myeloid leukemia (AML).9

As in children, MRD measurements during treat-
ment in adult B-lineage ALL, albeit in fewer
patients10-15 significantly predict clinical out-
come13-15 and are better than total WBC, age, and
gender in a multivariate analysis.15

Only a few studies of MRD using polymerase
chain reaction (PCR) have been carried out in
adults with T-ALL. The results have shown frequent
persistence of residual disease until the end of the
first year of treatment.16,17 The most informative
time point appears to be at the beginning of main-
tenance. That is 8-9 months after presentation16,17

rather than in the immediate post-induction stage
observed in adult B-lineage ALL.15 This also con-
trasts with the situation in childhood ALL in which
early post-induction measurements provide results
highly predictive of clinical outcome.1,2,6

In the present study we used TCRγ (TCRG) and
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TCRδ (TCRD) gene rearrangements to identify clon-
al markers in a cohort of 49 adult T-ALL. In 26 of
them bone marrow (BM) samples and markers suit-
able for MRD investigation were available for
analysis during the first 24 months of treatment.
These tests were assessed for their ability to pre-
dict clinical outcome and compared to standard
clinical prognostic criteria.

Design and Methods

Patients’ samples
Presentation bone marrow samples (fresh, frozen

or archival) were obtained from 49 adult patients
(15-55 years) with de novo T-lineage ALL (accord-
ing to immunologic criteria) who had been treat-
ed with the UKALLXII trial protocol between 1992
and 2000 at the Royal Free Hospital or other par-
ticipating UK centers.18 Thirty-seven (75.5%) of the
patients were male and 12 (24.5%) were female;
their median age was 29 years (range 16-51). The
median WBC count was 37×109/L (range 0.9-
536×109/L). Thirty-three (67%) patients had
≤100×109/L and 16 (33%) had ≥100×109/L. Forty-
eight of the 49 patients achieved first continuous

clinical remission (CCR) after a median period of 22
days (range 14-137 days).

Patients were all treated according to the
UKALLXII protocol that randomized patients
between chemotherapy and autologous stem cell
transplant (SCT), unless a sibling donor was avail-
able for allogeneic transplant.18 Twelve patients
received chemotherapy (CHT) only. The remaining
14 received an autologous stem cell transplant
(SCT)(n=6) or allogeneic (n=8) SCT following induc-
tion CHT treatment. Results are illustrated for the
three therapy groups separately, because of the dif-
ferent effects the treatment would have on out-
come (Figures 1 and 2). Patients in the three groups
did not differ in age (median: 32 years, 22 years

Figure 1. MRD results of adult T-ALL patients receiving
chemotherapy only. Six patients relapsed and six remained
in CCR. Horizontal lines represent the follow-up period from
presentation. The result of each ASO is presented for each
patient. CCR, complete clinical remission; allo, allo-bone
marrow transplant; auto, auto-bone marrow transplant; DFS,
disease-free survival; ASO, allele-specific oligonucleotide;
sens. ASO: sensitivity tested for each individual ASO; CNS,
central nervous system.

Figure 2. MRD results of adult T-ALL receiving transplanta-
tion after chemotherapy. A: MRD results from patients who
received chemotherapy and autologous BMT. B: patients
who received chemotherapy and allogeneic BMT. Abbrevi-
ations as for Figure 1.
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and 26 years, respectively) or WBC count (median:
44, 22 and 57×109/L, respectively).

Nine patients relapsed between 5.5 and 24.3
months after diagnosis (median 11.5 months). Six
had received CHT only, two autologous and one
allogeneic SCT. Two patients (#280 and 361) in the
CHT group suffered an extra-medullary relapse in
the CNS and eye, respectively, but only the former
was associated with a medullary leukemic infiltra-
tion. Seventeen patients remained in CCR (median:
31.6 months; range 8.5-82.4). Seven patients
showed features associated with poor prognosis
(WBC ≥100×109/L) but only three relapsed, while
four remained in CCR. Notably, two of the latter
had received allogeneic SCT.

DNA extraction procedures
Mononuclear cell separation and DNA extraction

from fresh and archival material was carried out as
previously described.15 All samples were amplified
for the constitutional β-actin gene (Table 1) to
ensure DNA integrity.19

Identification of clonal TCRG and TCRD
gene rearrangements at diagnosis

Samples obtained at presentation were analyzed
by PCR using the primers listed in Table 1.20-25

Four TCRD gene rearrangements were studied:
Vδ1-Jδ1-2, Vδ2-Jδ1-2, Vδ2-Dδ3 and Dδ2-Dδ3. TCRG
gene rearrangements were investigated in twelve
single PCR reactions using the four sense FR1-Vg
family specific primers and three anti-sense Jγ
primers. Conditions for amplification have been pre-
viously reported.22 The cycling protocol used in this
study consisted of 5 min of initial denaturation at
94° C, followed by 35 cycles at 94°C for 1 min, 58°
C (for the β-actin) or 60° C (for the TCRG) or 66° C
(for the TCRD) for 1 min, 72° C for 1 min 30 sec and
a final extension at 72° C for 10 min. Eight micro-
liters of the PCR product were examined on a 1.5%
agarose gel and heteroduplex analysis was per-
formed in a non-denaturing PAGE 6% gel for posi-
tive PCR reactions, as previously described.26

Homoduplex bands were excised from the poly-
acrylamide gel, eluted overnight and following re-
amplification the individual PCR products were
cloned and sequenced as previously described.27 The
cloned sequences were analyzed using the ImMuno-
GeneTics database (IMTG)28 that identified the clos-
est matching functional V, D or J segment.

Allele specific oligoprimers (ASO): design
and sensitivity tests

Thirty-nine ASO were designed from the CDR3
region for 26 patients: 14 patients were tested with
one ASO, 11 patients with two and one patient with

three ASO (Figures 1 and 2). Thirty-three ASO were
designed in the TCRG junctional region and six in
the TCRD junctional region. The specificity of each
primer was tested using five different polyclonal
bone marrow DNA samples. The sensitivity of each
ASO was determined by testing serial dilutions of
patients’ DNA in 1 µg of bone marrow DNA
obtained from a normal donor. In total, seven ASO
showed a 10-5 sensitivity (four TCRG and 3 TCRD),
18 (16 TCRG and two TCRD) showed a sensitivity of
10-4 and two showed a sensitivity of 10-3 (two
TCRG) (Figures 1 and 2). In 17 patients the sensi-
tivity of detection of MRD was at least 10-4, in two
at least 10-3. In seven patients (12 ASO) not enough
presentation DNA was available to assess the ASO
sensitivity.

MRD-PCR analysis of the bone marrow DNA
MRD-PCR amplification of the remission marrow

samples was performed using denaturing condi-
tions, as previously described.27 Results were
grouped for 4 time-points during treatment. The
first time point (1-2 months) corresponds to the
induction treatment phase and the second (3-5
months) to the intensification and CNS therapy
phases.18 For patients receiving allogeneic or autol-
ogous SCT this time point corresponds to the time
of bone marrow harvesting. For patients receiving
CHT, consolidation therapy was administered from
6-9 months and maintenance therapy from 10-24
months.18 The result of the last sample tested was
used for MRD analysis in patients with more than
one test at any time-point.

Table 1. Primer sequences used to analyze TCRD and TCRG
loci.

TCRδ primers 5’ to 3’ sequence
FR1/Vδ1 TAG GAATTC ACT CAA GCC CAG TCA TCA GT
FR1/Vδ2 TAG GAATTC GGA CAT CGA GTC ATG TCA GCC
Jδ1/2 TAG AAGCTT GG/TG TTC CT/GT TTC CAA AGA T/AGA G
Dδ2 TAG GAATTC AGA AGA GGG TTT TTA TAC TGA TGT G
Dδ3 TAG AAGCTT AGG GAA ATG GCA CTT TTG CC

TCRγ primers
FR1/Vγ1-8 TAG AAGCTT TGC AGC CAG TCA GAA ATC TTC C
FR1/Vγ9 TAG AAGCTT CAG CCC GCC TGG AAT GTG TGG
FR1/Vγ10 TAG AAGCTT AGC AGT TCC AGC TAT CCA TTT CC
FR1/Vγ11 TAG AAGCTT TGC AAT TGC ACT TGG GCA
Jγ1.3/2.3 TAG GGATCC CAA CAA GTG TTG TTC CAC TGC C
Jγ1.1/2.1 TAG GGATCC TTA CCA GGT GAA GTT ACT ATG AGC
Jγ1.2 TAG GGATCC AAG AAA ACT TAC CTG TAA TGA TAA GC

β-Actin primers
B127 GAT GGA GTT GAA GGT AGT TT
B1 TGC TAT CCA GGC TGT GCTAT

Individual oligoprimer restriction sites used for cloning are underlined. TCRD primers
were adapted from those described in ref.21 except Dδ2 primer.22 The Jδ1/2 primer
included redundant bases in order to amplify both Jδ1 and Jδ2 gene segments.
TCRG primers were designed based on previously published sequences.23-26 β-actin
primers were adapted from those described in ref.19
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Criteria for exclusion from the MRD study were
the following: (i) patients with no TCRG or TCRD
clonal marker at presentation (n=8); (ii) Philadel-
phia positive disease (n=1); (iii) patients who failed
to achieve CCR (n=1); (iv) patients with no follow-
up samples (n=8); (v) patients with no junctional
region of their TCR clonal rearrangement (n=4); (vi)
patients whose ASO gave a background signal on
polyclonal normal DNA (n=1). In total, MRD could
be monitored in 26 of the 49 initial patients. Sam-
ples for follow-up monitoring were sent to our lab-
oratory on a voluntary basis from each of the par-
ticipating centers and compliance was higher than
that in any previously reported study (83%). The
end-point for MRD analysis was death in CCR or
clinical relapse based on morphologic assessment.
Eighty-nine follow-up BM samples from 26
patients (range 1-8 BM) were analyzed for MRD
(average, three samples per patient). No significant
difference was found (with respect to age, gender,
WBC, days to first CCR and outcome) between
patients eligible for MRD analysis and the remain-
ing 23 patients who were excluded for the reasons
listed above (data not shown).

Results

TCRG and TCRD gene rearrangements at
diagnosis

Forty-one (84%) of the 49 patients analyzed at
presentation had at least one γ and/or δ gene
rearrangement. Thirty (73.2%) patients had only
TCRG gene rearrangements, ten (24.4%) had at
least one TCRG and one TCRD rearrangement and
one (2.4%) had only TCRD gene rearrangement. Bi-
allelic TCRG gene rearrangements were most com-
mon (23/40 patients; 57.5%). In nine of the 11
patients with a TCRD clone only one allele was
rearranged.

Sixty-five TCRG gene rearrangements were iden-
tified (Table 2A). The VγI family was involved in the
majority (69%). Individual V gene rearrangements
most frequently involved Vγ10 (12 alleles; 18,5%)
and Vγ4 (12 alleles; 18.5%) followed by Vγ2, Vγ3
and Vγ8 (15.5%, 12.5% and 11%). In one patient a
bi-allelic Vγ8-Jγ1.3/2.3 rearrangement was detect-
ed with deletion of the CDR2-FR3 regions in one of
the alleles and insertion of 18 N nucleotides in the
junctional region. There was a preferential use of
the Jγ1.3/2.3 segments (56 alleles, 86%) (Table 2A).
Analysis of the TCRD locus revealed a higher fre-

Table 2. TCRG and TCRD gene rearrangements in T-ALL.

TCRG gene rearrangements (40 patients)

Vγ family VγI VγII VγIII VγIV Total

A
Vγ2 Vγ3 Vγ4 Vγ5 Vγ8 Vγ1-8 (ns) Vγ9 Vγ10 Vγ11*

Jγ1.3/2.3 9 8 12 3 7 1 3 9 4 56 
(14%) (12.5%) (18.5%) (4.5%) (11%) (1.5%) (4.5%) (14%) (6%) (86.5%)

Jγ1.1/2.1 1 0 0 0 0 4 0 3 1 9 
(1.5%) (0%) (0%) (0%) (0%) (6%) (0%) (4.5%) (1.5%) (13.5%)

Total 10 8 12 3  7 5 3 12 5 65
alleles (15.5%) (12.5%) (18.5%) (4.5%) (11%) (7.5%) (4.5%) (18.5%) (7.5%) (100)%

*One patient had 2 Vγ11 and 1 Vγ2. ns: not sequenced.

TCRD gene rearrangements (11 patients)

B
Vδ1-Jδ1/2 Vδ2-Jδ1/2 Vδ2-Dδ3* Dδ2-Dδ3** Total

Number of alleles 9 2 2 0 13
(69%) (15.5%) (15.5%) (0%) (100%)

**Only 41 of the 49 patients were screened for Vδ2-Dδ3 and Dδ2-Dδ3. 2A) Vγ and Jγ usage in 65 alleles (40 patients). Individual Vγ and Jγ segments were identified by
sequencing (Vγ family I segments) or by PCR (VγFII, VγFIII, VγFIV and Jγ segments). 2B) TCRD gene rearrangements detected by PCR in 11/49 cases (13 alleles) and
their respective frequency.
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quency of the Vδ1-Jδ1-2 (9 alleles; 69%) rearrange-
ment compared to Vδ2-Jδ1-2 (two alleles only;
15.5%)(Table 2B). Forty-one of the 49 T-ALL patients
were also screened for incomplete TCRD gene
rearrangements (Vδ2-Dδ3 and Dδ2-Dδ3) but only
one patient had a bi-allelic rearrangement for Vδ2-
Dδ3.

Junctional regions
Of the 51 TCRG rearrangements sequenced, 18

(35%) were in-frame and 33 (65%) out-of-frame
(Table 3). The average number of junctional region
(N+p nucleotides) base pairs (bp) was 7.9 (range:
0-26)(Table 3). The average number of deleted
nucleotides was higher in the Jγ gene segment (4.8
bp) than in the Vγ segment (2.8 bp).

Eight TCRD gene rearrangements were sequenced
and three were in-frame and five were out-of-frame
(Table 3). In these eight Vδ1-Jδ1/2 rearrangements an
average junctional region (N+D+p) of 30 (14-40)
nucleotides was observed (Table 3). The average
number of deleted nucleotides was slightly higher in
the Vδ segments (3.1; range 0-8) than in the Jδ seg-
ments (2.5; range 0-5).

MRD tests and outcome
In 26 patients molecular markers and follow-up

samples were available for MRD investigation (Fig-
ures 1 and 2).

Despite intensive therapy, persistence of MRD
was observed during the first year of treatment.
Six (40%) of 15 patients were still positive post-
induction; four (19%) of 21 at 3-5 months; five
(27.7%) of 18 at 5-9 months and 3 (37.5%) of 8
beyond 9 months. The persistence of residual dis-
ease was associated with an increased incidence of
relapse among MRD positive patients. Two (33%)
of 6 patients positive post-induction and 2 (50%)
of 4 patients positive at 3-5 months relapsed. After
5 months, however, four (80%) of 5 tested patients
later relapsed, while all three (100%) patients pos-
itive after 9 months later relapsed. This indicates
that the ability of a positive test to predict relapse
was better after 5 months of follow-up than at
earlier time points. Thirteen patients showed only
negative tests at all times and only two of them
(15%) relapsed (#280 and 32A5RF). This suggests
that early eradication of detectable disease togeth-
er with persistence of long-term molecular remis-
sion is a good indicator of future CCR.

However, single-time point negative tests had a
poor ability to predict outcome. Among patients
who had a BM relapse (n=8) seven had been test-
ed between 1 and 5 months earlier, and although
four of them tested positive, three tested negative

(one on CHT and 2 following autologous SCT).
In six of the nine patients who relapsed, BM sam-

ples were available at the time of relapse. In five
(#353, 280, 204, 44, and 1) a clone identical to
that at presentation was detected, while in one
patient the BM tested negative at the time of the
extra-medullary relapse. This patient never showed
BM morphologic involvement. The clones com-
prised eight TCRG gene rearrangements and one
TCRD target. Thus false negative tests due to clon-
al evolution could be excluded in all cases tested.
However, at no time was there any statistically sig-
nificant association between the MRD result and
outcome (Fisher’s exact test; p=1.00, p=1.00,
p=1.00, p=0.40 at 0-2, 3-5, 6-9 and 10-24 months,
respectively) or any association between the sur-
vival rates and the MRD results (Figure 3).

MRD tests in patients undergoing SCT
Six patients received autologous SCT. There was

no association between positive tests prior to
transplantorpost-transplantandoutcome, whether
residual disease was detected or not (Figure 2A).
Among patients receiving allogeneic transplant
(Figure 2B), three (#126, 381 and 1) of eight test-
ed positive during the 4 months prior to transplant.
However, only one patient (#1) relapsed. This
patient was the only one of three patients tested
for MRD 3 and 5 months after transplant. Three of
the four patients tested post-transplant were neg-
ative for MRD and they all remained in CCR.

Concordance between different clonal
markers

For analysis of outcome, the positive test was tak-
en into consideration if discordant results were
obtained. In 12 patients, 42 BM samples were ana-

Table 3. Molecular analysis of TCRG and TCRD rearrange-
ments. Average number of deleted nucleotides (V+J), p
nucleotides, N nucleotides and germinal D nucleotides in 51
TCRG and eight TCRD junctional regions sequenced.

V+J deleted p N D
nucleotides nucleotides nucleotides nucleotides

TCRG
In-frame (18) 8.8 (0-19) 0.4 (0-2) 6.6 (0-18) −
Out-of-frame (33) 6.9 (0-24) 0.5 (0-2) 7.8 (0-26) −
Total (51) 7.6 (0-24) 0.5 (0-2) 7.4 (0-26) −

TCRD
In-frame (3) 4.3 (3-5) 0.0 25.0 (22-27) 14.3 (12-18)
Out-of-frame (5) 6.4 (3-12) 1.6 (0-4) 11.0 (6-15) 12.0 (7-16)
Total (8) 5.6 (3-12) 1.1 (0-4) 16.3 (6-27) 12.9 (7-18)
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lyzed with at least two markers. In seven patients
(58%) (corresponding to 76% of the samples-
32/42), concordant results were obtained between
markers. In the remaining 5 patients (41%) (#2RFH,
41, 44, 381, and 488) (10 samples) discrepant results
were observed. Vδ1 primers were consistently more
sensitive than Vγ primers (compared to either Vγ10:
#41; or Vγ3: #RFH2; or Vγ4: #381) when the two
markers were tested in the same sample.

Discussion
These results show the incidence of detectable

TCRD and TCRG clonal gene rearrangements in 49
adult patients with T-ALL and the predictive value
of MRD assessment in 26 patients during therapy. 

Molecular markers were detected in 84% of
patients tested. TCRG was the commonest clonal
marker (40/49; 81%) and rearrangements were
predominantly (58%) biallelic. Vγ family I
rearrangements (VfγI-Jγ1.3/2.3) were the most
common rearrangements detected, in agreement
with previous studies.29,30 Overall TCRG rearrange-
ments were less frequent than previously reported

in adult T-ALL29,30 but in line with the TCRG germ-
line configuration being more frequent in adults
than in childhood T-ALL.29 TCRD (Vδ1-Jδ1/2 or Vδ2-
Jδ1/2) gene rearrangements were detected in 11
(22%) of the 49 T-ALL patients, a lower incidence
than previously reported.31, 32 This could be because
we did not estimate deletions of the δ locus that
could account for the lower numbers, as we did
not apply Southern blotting to our investigation
and deletions would not be detected by our PCR
strategy. We detected two incomplete Vδ2-Dδ3
rearrangements in one patient, which are rarely
found in T-ALL.32,33

Overall, analysis of MRD data in T-ALL showed
some similarities but more differences with our
MRD data from B-cell lineage adult ALL.15 First, our
data show persistence of residual disease in adult
T-ALL patients: a third of all patients carry MRD
during the first year of treatment, as do patients
with B-cell ALL.15 However, the association
between positive tests and relapse was poor in T-
ALL during the first 5 months of treatment (33%

Figure 3. Disease-free survival curve according to MRD-positivity and MRD-negativity at different times of assessment. The
patients included in this study were the same as those represented in Figure 2.
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and 50%) although it improved beyond this time
point (80% and 100%) while the association was
statistically significant in B-cell adult ALL.15

Second, we found a poor association between
MRD results taken before or after autologous or
allogeneic SCT and outcome, unlike the prognosti-
cally significant results in B-cell ALL, although cau-
tion is advised in interpreting results in T-ALL giv-
en the limited number of patients analyzed in our
study. 

Our results in adult T-ALL also differ from those
in a recent report on childhood T-ALL, in which
Willemse et al.6 detected a significantly higher
number of patients and higher levels of residual
disease in childhood T-ALL during the first six
months of treatment compared to B-cell ALL and
pointed at differences in disease type and treat-
ment response between B- and T-cell childhood
ALL. These authors did, however, report that MRD
levels were valid predictors of outcome at all time
points in T-cell ALL as already demonstrated in
childhood B-cell ALL. We only confirmed this cor-
relation at a later time point in adults, in agreement
with previous molecular assessments of MRD in
adult T-ALL.16,17

Our data in adult T-ALL patients undergoing SCT
differ from those reported for childhood ALL by
Knechtli et al.,34 who found that almost 80% of
patients MRD positive before transplant later
relapse. However, differences in age and transplant
procedure (T-cell depletion in childhood but not in
adult ALL) may influence outcome. We previously
observed that MRD post-allo SCT but not pre-allo
SCT was a good indicator of outcome in adult B-cell
ALL,15 further highlighting differences between
adult and childhood B-cell ALL. These data indicate
that MRD tests obtained from childhood ALL stud-
ies cannot be directly applied to adult ALL and that
B- and T-cell lineage disease must also be evaluat-
ed separately, as we have done in this study and
others6 are now doing for childhood ALL.

How can we explain the differences in the rele-
vance of MRD tests in T-cell ALL and B-cell ALL?
First, the number of patients studied was small
making statistical analysis difficult and further larg-
er studies in adult T-cell ALL should be carried out.

Second, technical factors, such as poor sensitiv-
ity and clonal evolution, could play a role. Howev-
er, we measured the level of sensitivity of 70%
(27/39) of the ASO primers used and 92% of the
ASO tested had at least a 10-4 sensitivity (Figures 1
and 2), in agreement with published guidelines.2,35,36

Unfortunately, insufficient material was available
for the remaining patients. False negative results

due to clonal evolution can be ruled out since only
one of six patients analyzed at relapse was ASO
negative, most probably due to the clinical extra-
medullary relapse with lack of BM involvement. In
76% (32/42) of the samples analyzed with two
markers, concordant results were obtained.
Although rarely, discrepancies between results
obtained when multiple markers are investigated
have been previously described in a similar propor-
tion of patients (30%) by other investigators using
immunophenotyping for MRD assessment.8 We,
therefore, feel that technical faults do not play a
major role. The recent development of real time PCR
technology, with high levels of sensitivity and excel-
lent reproducibility,37,38 may contribute to a more
rapid and accurate estimate of MRD in childhood
and adult ALL and may help to understand the dif-
ferences in MRD detection between adult T-cell and
B-cell ALL.

Finally, we believe that biological differences
between B-ALL and T-ALL in adults and children
may account for differences in performance of the
MRD tests.

T-ALL is now recognized as a disease of the thy-
mus and not of the BM and therefore level of dis-
ease in the BM may vary in B- and T-cell leukemia.
Indeed, in childhood B-lineage ALL the BM can
have a 10-fold higher level of residual disease than
the peripheral blood (PB). Recently, Coustain-Smith
et al.39 demonstrated that only 8 of 37 B-lineage
ALL patients with MRD in the BM had detectable
disease in the PB, but showed that in T-ALL MRD
in the PB is detected at levels similar to or higher
than those detected in the BM.

At present, no data are available in adults to
compare levels of disease between BM and PB. The
relatively poor performance of BM assessment in
our study suggest that BM might not be the most
appropriate site for evaluation and this may also
relate to the role of the thymus in this disease
depending on age. Although recent investigations
have demonstrated that the thymus retains a resid-
ual ability to generate T-cell progeny in adults,40

thymopoiesis decreases after 25-30 years of age41

having peaked to its highest level between 2 and
20 years of age. Monitoring of T-cell receptor exci-
sion circles (TREC) molecules and CD3 positive cells
in the BM post-transplant always shows a lower
level in adults than in children. These changes may
translate into different rates of proliferation and
cell infiltration of T-ALL cells in the BM in adults
and children during progression of the disease and
explain some of the differences in the performance
of MRD tests.
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In conclusion, results from MRD tests using TCRG
and TCRD gene rearrangements were relatively
poor indicators of outcome in T-ALL particularly
for those tests carried out early after induction
therapy. The results suggest that the best informa-
tion is provided at a late stage of treatment
(beyond 6-8 months). Larger studies of adult T-ALL
are, however, required to validate these prelimi-
nary findings and to investigate the possible cause
of the poor overall performance of molecular MRD
tests. At present caution should be exercised in
basing therapy on data derived from MRD analysis
in adult T-ALL patients.
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What is already known on this topic
Minimal residual disease is important in the measure-
ment of response to treatment in childhood acute lym-
phoblastic leukemia (ALL) but little is known about its
evaluation in adult T-cell ALL.

What this study adds
Evaluation of minimal residual disease using TCRG and
TCRD gene rearrangements does not allow a reliable
prediction of prognosis in adult T-cell ALL.

Potential implications for clinical practice
Caution should be exercised in basing therapy on data
derived from minimal residual disease analysis in adult
T-ALL patients.

Mario Cazzola, Editor-in-Chief (Pavia, Italy)




