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ABSTRACT

PURPOSE Historically, patients with T-cell acute lymphoblastic leukemia (T-ALL) who
fail to achieve remission at the end of induction (EOI) have had poor long-term
survival. The goal of this study was to examine the efficacy of contemporary
therapy, including allogeneic hematopoietic stem cell transplantation (HSCT) in
first remission (CR1).

METHODS Induction failure (IF) was defined as the persistence of at least 5% bonemarrow
(BM) lymphoblasts and/or extramedullary disease after 4-6 weeks of induction
chemotherapy. Disease features and clinical outcomes were reported in 325 of
6,167 (5%) patients age 21 years and younger treated in 14 cooperative study
groups between 2000 and 2018.

RESULTS With amedian follow-up period of 6.4 years (range, 0.3-17.9 years), the 10-year
overall survival (OS) was 54.7% (SE 5 2.9), which is significantly higher than
the 27.6% (SE 5 2.9) observed in the historical cohort from 1985 to 2000. There
was no significant impact of sex, age, white blood cell count, central nervous
system disease status, T-cell maturity, or BM disease burden at EOI on OS.
Postinduction complete remission (CR) was achieved in 93% of patients with
10-year OS of 59.6% (SE 5 3.1%) and disease-free survival (DFS) of 56.3%
(SE 5 3.1%). Among the patients who achieved CR, 72% underwent HSCT and
their 10-year DFS (with a 190-day landmark) was significantly better than
nontransplanted patients (63.8% [SE 5 3.6] v 45.5% [SE 5 7.1]; P 5 .005), with
OS of 66.2% (SE 5 3.6) versus 50.8% (SE 5 6.8); P 5 .10, respectively.

CONCLUSION Outcomes for patients age 21 years and younger with T-ALL and IF have im-
proved in the contemporary treatment era with a DFS benefit among those
undergoing HSCT in CR1. However, outcomes still lag considerably behind those
who achieve remission at EOI, warranting investigation of new treatment
approaches.

INTRODUCTION

T-cell acute lymphoblastic leukemia (T-ALL) comprises
about 10% of acute lymphoblastic leukemia (ALL) in young
children and 25%-30% in adolescents and young adults with
a historically worse prognosis than B-cell acute lympho-
blastic leukemia (B-ALL).1,2 Outcomes have improved in
recent trials using risk-adapted intensive therapy; however,
resistant and recurrent disease remain a challenge, not least
in young adults.3-24 CNS involvement at diagnosis is more
common in T-ALL25 and the kinetics of bone marrow (BM)
disease response in T-ALL is slower than B-ALL with a
higher proportion showing prednisone poor response

(34.7% v 6.3% B-ALL), induction failure (IF; 8% v 1.5%),26-28

and persistence of high minimal residual disease (MRD)
levels at the end of consolidation (EOC) therapy (≥53 10–4 in
20.9% v 5.9%) in AIEOP-BFM trials.6,29

Patientswith T-ALL and IF had a very poor outcome (10-year
overall survival [OS], 28%) in a previous intergroup Ponte di
Legno (PDL) study.28 As some studies have shown higher
cure rateswith allogeneic hematopoietic stem cell transplant
(HSCT),30,31 this treatment approach has been pursued in
first remission (CR1) inmany groups. To determine if greater
application of CR1 HSCT and the use of nelarabine may have
improved outcomes in this high-risk subgroup, we, as
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intergroup PDL, analyzed a cohort of IF T-ALL cases diag-
nosed between 2000 and 2018, who failed to achieve com-
plete remission (CR) at the end of induction (EOI) therapy.
Our primary aim was to assess long-term outcome with
contemporary therapy, including the role of HSCT.

METHODS

Study Design and Patients

Data from 14 cooperative study groups (Appendix Table A1,
online only) in Europe, North America, and Asia were col-
lected on patients registered on clinical trials conducted
from 2000 to 2018 (included). All the clinical trials from
which data were used in this analysis had received approval
from the relevant institutional review boards or ethics
committees, and written informed consent had been ob-
tained from patients or guardians.

Each study group was asked to identify all patients age 21
years and younger with T-ALL who had IF defined as per-
sistence of at least 5%BM lymphoblasts bymorphology and/
or persistence of extramedullary disease (EMD) at EOI,
which was scheduled according to protocol, between days
28 and 43. Medullary IF was confirmed by MRD analysis
(≥10–2) in 211 of the 220 patients with available data
(96%), using amore contemporaryMRD-based definition of
treatment failure.32 A predefined set of data were collected
for each patient: clinical, biologic, and genetic characteris-
tics; treatment protocol, including treatment arm andHSCT;
early treatment responses, including MRD level at EOI and
EOC where available; and clinical outcomes, including the
achievement of CR with postinduction treatment (defined as
a blast percentage by morphology <5% and no EMD),

relapse, second malignant neoplasm (SMN), and death. All
data were centrally reviewed for consistency and com-
pleteness before analyses.

Follow-up extended through May 2021 with a median of 6.4
years (range, 0.3-17.9); in particular, 70% of patients
without a first relapse or death in CR were followed for more
than 5 years. Treatment strategies for patients with EOI
failure differed among the study groups. Most common
postinduction schedules consisted of protocol IB (consolida-
tion), augmented IB, nelarabine followed by augmented IB, or
intensive chemotherapy blocks.3,6,9,10,14,15,18-20,22,24 Frequently,
there was a protocol indication to proceed to CR1 HSCT in
patients who obtained CR with postinduction treatment.

Statistical Analysis

Baseline characteristics are reported as percentages. The
main end points were OS and disease-free survival (DFS). OS
was calculated fromdiagnosis to death of any cause or date of
last contact, if alive. DFSwas computed only for subjects who
achieved CR with postinduction therapy and was defined as
the time from diagnosis until relapse, death in CR, devel-
opment of a SMN, or date of last contact, if disease-free. Date
of diagnosis was used as time of origin since date of CR
differed among study groups and was not uniformly avail-
able. The Kaplan-Meier estimator was used for OS and DFS,
with associated SEs calculated by Greenwood and the log-
rank test was used for comparisons.

We further analyzed the patientswith T-ALLdescribed in the
historical cohort reported by Schrappe et al28 for assessment
of OS and achievement of remission with postinduction
treatment to be able to compare their outcome data with

CONTEXT

Key Objective
What are the outcomes for children with T-cell acute lymphoblastic leukemia (T-ALL) who fail induction therapy (≥5%
marrow blasts) in a contemporary treatment era?

Knowledge Generated
The majority of children with T-ALL induction failure (IF) achieve a complete remission (CR) with post-induction che-
motherapy and their 10-year overall survival rates have nearly doubled over the past 20 years and now approach 60%.
Among children who achieve a CR, disease-free survival was superior with hematopoietic stem cell transplantation in first
remission compared with chemotherapy alone in this retrospective analysis from 14 treating consortia.

Relevance (S. Bhatia)
While hematopoietic cell transplantation are a therapeutic option for T-ALL IF patients who subsequently attain a CR with
conventional chemotherapy, these patients should be candidates for new T-cell targeted therapy including cellular
approaches.*
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those of the more recent cohort reported here. To minimize
potential bias in the comparison of outcome between patients
treated with chemotherapy followed by transplantation and
with intensive chemotherapy only, the Kaplan-Meier curves
were adjusted to account for the waiting time to trans-
plantation: the curves originated at a landmark (median time
to transplantation) and did not include patients who expe-
rienced events or whose datawere censored before that time;
the curveswere also adjusted to account for the delayed entry
of patients into the transplantation group, when trans-
plantation occurred after the landmark.33

To deal with the lack of proportional hazards, as seen by
graphical check, between the two treatment cohorts (HSCT v
noHSCT) and tomodel the profile of the hazard ratio (HR) in
time, we applied a piecewise Poisson model on DFS (in in-
tervals of 30 days).33 In the model, transplantation was
treated as a time-dependent variable (a transplanted patient
was included in the chemotherapy group until HSCT). The
time since diagnosis was modeled by a flexible B-spline
function (six degrees of freedom), whereas the time de-
pendence of the treatment effect (ie, nonproportional
hazards) was accommodated by including a term for in-
teraction between treatment and time since transplantation

(modeled as B-spline with one knot at 180 days). The model
was adjusted for age, sex, white blood cell count, BM at the
EOI, and period of diagnosis. Survival after different types of
transplants (from date of HSCT) was also estimated and
compared. Analyses were carried out using R and SAS 9.4
(SAS Institute, Cary, NC) software programs. P < .05 was
considered statistically significant.

RESULTS

Of the 344 patients assessed, 19 were found ineligible
and thus 325 are included in the cohort analyzed (Fig 1). The
5- and 10-year OS were 58.0% (SE 5 2.8) and 54.7%
(SE 5 2.9), respectively, and significantly higher than the
28.5% (SE 5 2.9) and 27.6% (SE 5 2.9) observed in the
historical cohort (N5 241; Fig 2).28 Of note, within the recent
cohort, the OS improved evenmore for patients diagnosed in
the period 2009-2018 (n 5 183) compared with those di-
agnosed from 2000 to 2008 (n5 142; OS5 62.2%; SE5 4.0%
v 45.4%; SE 5 4.3%; P 5 .0044; Table 1). No significant
impact on OS was seen for sex, age, and white blood cell
count at diagnosis nor for T-cell immunophenotype ma-
turity (Table 1; Appendix Fig A1, online only). The early
thymocyte precursor (ETP) subtype, which represents

Assessed for eligibility (N = 344)

Excluded                                                    (n = 19)
  Age at diagnosis >21 years                   (n = 14)
  Incomplete outcome data                        (n = 2)
  Death in induction                                     (n = 2)
  Received AML-oriented therapy before
EOI BM puncture                                        (n = 1)

Analyzed                                                 (n = 207)
  Excluded because of missing                 (n = 2) 
    time to HSCT

Yes (n = 209) No (n = 70)

Analyzed (n = 70)

Received stem cell
transplantation in first

remission

Analysis

Included (n = 325)

Enrollment

Achieved final complete
remission (n = 290)

No data on final remission                      (n = 12)

Analysis
on survival

Analysis on DFS
and survival

No information on HSCT                         (n = 11)

Included with final remission
evaluation (n = 313)

No remission                                             (n = 23)

FIG 1. 2010 flow diagram. AML, acute myeloid leukemia; BM, bone marrow; DFS, disease-free survival; EOI, end of induction;
HSCT, hematopoietic stem cell transplantation.
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approximately 15% of T-ALL in children and adolescents,
was diagnosed in 58 (29%) of 200 patients with adequate
immunophenotypic data, using definitions established at
each participating consortium; their 10-year survival was
however similar to the non-ETPpatients (51.3%; SE56.9% v
58.6%; SE 5 4.2%, respectively; Appendix Fig A1). Infor-
mation on NOTCH and PTEN mutations were reported for a
minority of patients: NOTCHmutation was detected in 29/86
patients (34%), which is a lower frequency than in unbiased
cohorts,34 with no significant difference in survival com-
pared with those with the wild-type; PTEN mutation was
present in 9/63 patients (14%) with only three patients
surviving (Table 1). Among 294 patients with CNS status data
at diagnosis, 227 were CNS1, 48 CNS2, and 19 CNS3, and their
survival was not significantly different (Table 1; Appendix
Fig A1; P 5 .098).

At EOI, 14 patientswith CRBM (<5%blasts) had IF because of
persistent isolated EMD (one CNS, five mediastinal mass,
three lymph nodes, four thymus/liver/spleen/lymph nodes,
and one unknown), seven of whom survived. The 10-year OS
for the 156 patients with M2 (5%-24% blasts) and the 139
with M3 (≥25% blasts) marrows was 60.4% (SE 5 4.1%) and
49.2% (SE 5 4.6%; P 5 .09), respectively. The 211 patients
with MRD at EOI ≥10–2 had 10-year OS (58.4%; SE 5 3.6%)
similar to that of the whole cohort (54.7%; SE5 2.9; Table 1).
Of the 313 patients evaluable for CR, 290 patients (93%)
achieved a CR (Fig 1) and they had 10-year OS and DFS
of 59.6% (SE 5 3.1%) and 56.3% (SE 5 3.1%), respectively
(Fig 3). Among the 290 who achieved CR, 232 had infor-
mation on the time of remission, reported at a median time

of 84 days from diagnosis (IQR, 63-102 days). There was no
significant difference in survival, with a 10-year OS of 57.8%
(SE 5 4.8) in patients who achieved CR by day 84 after di-
agnosis (n 5 118) versus 59.5% (SE 5 4.9) in those (n 5 114)
who obtained CR later (P5 .7). Of the 23 patients who did not
achieve CR, 22 died at a median of 5 months from diagnosis
and one was lost to follow-up (Appendix Fig A2, online only;
Table 1).

Asmentioned in theMethods section, we also reanalyzed the
historical cohort, which was published in 2012 (period 1985-
2000),28 for the data on achievement of CR. Of the 206 with
available information on postinduction treatment outcome,
143 (69%) achieved CR, a rate significantly lower than that of
the current cohort (P < .001). For those who did achieve CR in
the historical cohort, the 10-year OS was 40.1% (SE 5 4.1%).

The most commonly used postinduction therapies (in 274
patients with data) were protocol IB (consolidation; n5 143),
high-dose chemotherapy blocks (n 5 50), nelarabine-
containing regimens (n 5 48), and augmented IB (n 5 29).
No significant difference in survival was observed according
to treatment received (Appendix Fig A3, online only). Of the
290 patients who achieved CR, 209 (72%) received a
transplant and 70 received only chemotherapy (33 relapsed,
seven of whom were transplanted in second CR); no data on
HSCT were available for 11 patients. In a 190-day landmark
analysis (Fig 4), 10-year DFS was significantly better for
transplanted patients (63.8% [SE 5 3.6] v 45.5% [SE 5 7.1];
P 5 .005), which translated into a nonsignificantly better
OS of 66.2% (SE 5 3.6) versus 50.8% (SE 5 6.8; P 5 .10).

Time Since Diagnosis (years)

OS
 (%

)

0 2 4 6 8 10

25

50

75

100

No. at risk:

T-ALL 2000-2018 cohort 325 252 205 183 168 135 103 83 66 54 41

241 128 98 82 65 60 47 33 24 17 13T-ALL historical cohort

T-ALL historical cohort 10-year OS = 27.6 (2.9)

T-ALL 2000-2018 cohort 10-year OS = 54.7 (2.9)

Log-rank test P < .0001

FIG 2. OS since diagnosis of patients with T-ALL and IF in the current study
(N5 325) and in the historical cohort (N5 241) reported by Schrappe et al.28

IF, induction failure; OS, overall survival; T-ALL, T-cell acute lymphoblastic
leukemia.
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TABLE 1. Characteristics and Early Response in 325 Patients, With Kaplan-Meier 10-Year Overall Survival and Univariate Survival Comparisons

Characteristics No. of Patients (%) No. of Deaths 10-Year OS, % (SE) Log-Rank P

Total 325 (100) 139 54.7 (2.9) —

Period of diagnosis .0044

2000-2008 142 (44) 75 45.4 (4.3)

2009-2018 183 (56) 64 62.2 (4.0)

Sex (n 5 324)

Females 140 (43) 57 57.7 (4.3) .6943

Males 184 (57) 81 52.6 (4)

Age, years

<10 175 (54) 77 52.7 (4.1) .5556

10-14 105 (32) 40 60.5 (4.9)

≥15 45 (14) 22 49.6 (7.6)

WBC (31,000 cells/mm³; n 5 322)

≤100 190 (59) 85 52.9 (3.8) .8283

>100 132 (41) 54 56.7 (4.6)

Immunophenotype (n 5 182)

Cortical T 29 (16) 14 44.6 (11.3) .5676

Early T 112 (62) 45 56.9 (5.1)

Mature T 41 (23) 17 58.1 (7.8)

ETP (n 5 200)

Yes 58 (29) 27 51.3 (6.9) .6974

No 142 (71) 57 58.6 (4.2)

NOTCH mutation (n 5 86)

Yes 29 (34) 10 61.9 (9.8) .1022

No 57 (66) 27 51.9 (6.7)

PTEN mutation (n 5 63)

Yes 9 (14)a 6 — —

No 54 (86) 20 59.8 (7.3)

CNS at diagnosis (n 5 294)

CNS1 227 (77) 92 57.1 (3.5) .098

CNS2 48 (16) 25 39.1 (9.1)

CNS3 19 (6) 11 42.1 (11.3)

Early response (EOI)

BM (n 5 309)b

M1: <5%c 14 (5) 7 50.0 (13.4) —

M2: 5%-24% 156 (50) 59 60.4 (4.1) .09d

M3: ≥25% 139 (45) 66 49.2 (4.6)

MRD (n 5 220)

<10–2 9 (4)a 2 — —

≥10–2 211 (96) 83 58.4 (3.6)

Late responsee (n 5 313)

No remission 23 (7) 22 0 <.0001

CR 290 (93) 110 59.6 (3.1)

Abbreviations: BM, bone marrow; CNS1, CSF without blasts; CNS2, <5 WBC in CSF with blasts; CNS3, ≥5 WBC in CSF with blasts; CR, complete
remission; EMD, extramedullary disease; EOI, end of induction; ETP, early thymocyte precursor; MRD, minimal residual disease; OS, overall survival;
SE, standard error.
aBecause of the small number of patients in this subgroup, the reported survival estimate is omitted as well as the log-rank test.
bFor 16 patients, induction failure was defined as BM blasts ≥5% with no distinction between M2 and M3.
cWith isolated extramedullary disease.
dTest comparison between M2 and M3.
eResponse status after postinduction treatment.
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The most frequent adverse event after HSCT was relapse
(n 5 44) followed by death in CR (n 5 25; Table 2). As shown
in Appendix Figure A4A (online only), there was an

improvement in survival in transplanted patients diagnosed
in the period 2009-2018 (5-year OS of 74.4%; SE 5 4%)
compared with those diagnosed in the period 2000-2008

0 2 4 6 8 10

Time Since Diagnosis (years)

Su
rv

iv
al

 (%
)

25

50

75

100

OS
No. at risk:

290 237 197 178 164 132 100 81 64 53 41

289 223 184 165 151 121 93 76 59 48 36DFS

10-year OS = 59.6 (3.1)
10-year DFS = 56.3 (3.1)

FIG 3. OS and DFS of 290 patients with T-ALL resistant to induction therapy
who achieved complete remission with postinduction treatment. Date of re-
lapse was not available for one patient, thus it was excluded from DFS analysis.
DFS, disease-free survival; OS, overall survival; T-ALL, T-cell acute lympho-
blastic leukemia.

A

Years Since Landmark (day 190)

DF
S 

(%
)

25

50

75

100

HSCT 101 152 137 128 111 86 68 55 43 37 25

157 35 30 25 21 18 14 13 10 9 5No HSCT

No HSCT 10-year DFS = 45.5 (7.1)

HSCT 10-year DFS = 63.8 (3.6)

0 2 4 6 8 10

B

Years Since Landmark (day 190)

OS
 (%

)

25

50

75

100

HSCT

No. at risk: No. at risk:

101 160 142 135 116 91 70 56 45 39 26

161 45 34 29 26 21 17 16 13 12 7No HSCT

HSCT 10-year OS = 66.2 (3.6)

No HSCT 10-year OS = 50.8 (6.8)

0 2 4 6 8 10

FIG 4. (A) DFS and (B) OS of patients with T-ALL who achieved remission with postinduction treatment according to whether they received HSCT or
not in first CR—time since landmark at 190 days (median time from diagnosis to HSCT). DFS comparison: P 5 .005 (unadjusted Poisson model,
likelihood ratio test with five degrees of freedom); OS comparison: P 5 .1 (unadjusted Poisson model, likelihood ratio test with five degrees of
freedom). CR, complete remission; DFS, disease-free survival; HSCT, hematopoietic stem cell transplantation; OS, overall survival; T-ALL, T-cell acute
lymphoblastic leukemia.
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(5-year OS of 59.8%; SE 5 5.4%), although the difference
was not statistically significant (P 5 .08). Small decreases
both in the rate of transplant-related mortality (9.5% v
16%) and of post-transplant relapse (19% v 24%) were
observed. Of note, compared with patients treated in the
early period, those treated in the latter period were more
likely to have undergone transplant in CR (78% v 71%) and
includedmorematched unrelated donor HSCTs (33% v 24%
of transplanted patients). Survival in transplanted patients
by type of donor was higher and similar for sibling (5 years
post HSCT 79.8%; SE 5 5.5) and matched unrelated (72%;
SE 5 5.8) donors (P 5 .3) compared with other types of
donors (58.4%; SE 5 5.3; P 5 .03 for the three-way com-
parison; Appendix Fig A4B).

The Poisson model on DFS (Table 3) shows that prognosis
was favorably associated with HSCT in CR1 versus no HSCT
(P 5 .007), with a time-dependent effect reporting a sig-
nificant protection at 2 years post HSCT (HR at 2 years since
HSCT 5 0.24; 95% CI, 0.11 to 0.52) after adjusting for age,
white blood cell count, sex, marrow status at EOI, and period
of diagnosis (for this latter variable, the estimated HR was
0.63; 95% CI, 0.43 to 0.92; P 5 .0171; 2009-2018 v 2000-
2008). Although data on MRD level before HSCT were not
available, data on MRD at the EOC were available in a subset
of patients. Of the 290 patients who achieved CR, 140 had
available MRD data at EOC, and there were 47 with EOC

MRD <10–4, including 12 patients with PCR MRD that was
positive but not quantifiable. The OS of patients with EOC
MRD <10–4 was 67.1% (SE 5 7%) compared with 51.2%
(SE 5 5.5%) for ≥10–4 (P 5 .1; Appendix Fig A5, online only).
An exploratory analysis comparing DFS and OS in patients
undergoing HSCT or chemotherapy alone showed an ad-
vantage for HSCT within both EOC MRD-based subgroups
(Appendix Fig A6, online only).

DISCUSSION

T-ALL with IF occurs in approximately 8% of patients,9,35

representing about 1% of all cases of childhood ALL. Al-
though survival rates for pediatric patients with newly di-
agnosed T-ALL without IF have steadily improved and now
tend to approximate those achieved in B-ALL, T-ALLwith IF
remains challenging to treat.13 Such an uncommon subgroup
can best be investigated in a large intergroup collaboration,
such as that of the PDL Group. A previous PDL study of IF
reported a 10-year OS of 27.6% (SE 5 2.9%) in 241 patients
with T-ALL and IF diagnosed between 1985 and 2000.28

Seventy-seven (54%) of the 143 patients who achieved CR
underwent HSCT and the 10-year OS was 40% in patients
who received amatched related donor and 45.8% in the 55%
patients who received HSCT from other donors.28

We report an improvement in 10-year OS to 54.7%
(SE 5 2.9%; P < .0001) for 325 patients with T-ALL and IF
treated in a subsequent era from 2000 to 2018. The improved
outcome might be attributable to a higher proportion of
patients achieving CR after subsequent treatment (93% v
69%; P < .0001) and proceeding to CR1 HSCT (72% v 54%),
including increased use of unrelated and haploidentical

TABLE 2. Events After Achievement of Remission According to
Whether Patients Underwent HSCT in First Remission (first CR) or Not

Event
No HSCT, No.

(n 5 70)
HSCT, No.
(n 5 209)

Relapse 33 44

Site of relapse

BM isolated 22 32

BM combined 5 2

CNS 3 0

Lymph 1 mediastinum 0 1

Mediastinum 1 2

Orbit 0 1

Testicular 1 0

Unknown 1 6

SMN 1 4

Death in CR 10a 25a

Type of HSCT

Sibling — 56

Unrelated matched — 62

Others — 91b

Abbreviations: BM, bone marrow; CR, complete remission; HSCT,
hematopoietic stem cell transplant; SMN, second malignant neoplasm.
aDeaths in CR in patients surviving at least 190 days (median time to
HSCT) were 2/54 in the chemotherapy arm (3.6%) and 22/204 (11%) in
the HSCT arm showing that raw numbers, with early mortality assigned
by default to those patients who were not able to undergo transplant,
give an apparent advantage to HSCT (immortal time bias).
bTwo patients do not have time at HSCT.

TABLE 3. Poisson Model on Disease-Free Survival (270 patients who
achieved final remission with 113 events)

Variable Hazard Ratio (95% CI) P

HSCT v no HSCT .007

6 months from HSCT 1.15 (0.65 to 2.01)

1 year from HSCT 0.59 (0.34 to 1.02)

2 years from HSCT 0.24 (0.11 to 0.52)

Age, years

≥10 v <10 0.91 (0.63 to 1.33) .6278

WBC (1,000/mm3)

>100 v ≤100 1.01 (0.68 to 1.5) .9487

Sex

Male v female 1.25 (0.85 to 1.83) .2533

BM EOI

M1 v M3 0.92 (0.41 to 2.06) .8310

M2 v M3 0.75 (0.51 to 1.09) .1320

Period

2009-2018 v 2000-2008 0.63 (0.43 to 0.92) .0171

Abbreviations: BM, bone marrow; EOI, end of induction; HSCT,
hematopoietic stem cell transplant.
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donors. A variety of postinduction treatments were used to
achieve CR but most included standard/augmented IB with
(17%) or without nelarabine. CR was achieved in 97.2% (139
of 143) after IB-based therapy, 89.6% (26 of 29) after
augmented IB, and 85.4% after nelarabine followed by
augmented IB (41 of 48). There was no significant difference
in outcome on the basis of postinduction treatment given, and
EOC MRD was only available in 30% of subjects reported here.
Thus, no recommendation canbemadeon the optimal regimen
on the basis of our data. Attainment of an MRD-negative re-
mission before HSCT could have affected outcomes as well;
however, these data were not routinely available and/or re-
ported in this study. As expected, all patients who did not
achieve CR had a fatal outcome.

Although we cannot exclude selection biases, the outcome of
transplanted patients in CR1 (adjusted by landmark analysis at
190 days)was significantly better than those not transplanted,
in regard to DFS (63.8%; SE 5 3.6 v 45.5%; SE 5 7.1) with a
tendency for improvedOS (66.2%; SE5 3.6 v 50.8%; SE56.8).
Patients transplanted from sibling and unrelated donors
had superior outcomes compared with alternative donor
transplants. Patients diagnosed in the later half of the study
period had a better outcome (10-year survival estimate of
62.2% v 45.4% in 2009-2018 and 2000-2008, respectively).
Although the proportion achieving CR1 was similar, a slightly
higher proportion of patients were transplanted in the later
period (78% v 71%) which, along with better post-transplant
outcomes,might partly explain the improvedoverall outcome.

We had limited data on immunophenotype, cytogenetic, and
molecular profiles. Several studies have reported a higher

incidence of IF in the ETP subgroup11,36 and our data confirm
that observation with an enrichment of the ETP subtype
(29%) compared with T-ALL at diagnosis (15%). Similar to
the previous reports of patients with ETP ALL without IF,11,36

ETP patients with IF had no worse outcome than other pa-
tients with T-ALL and IF. In this study, IF was firmly
established by MRD in 96% of patients with M2/3 BM. Of the
nine patientswithMRD<13 10–2, seven remain in continuous
CR, of whom three received HSCT and four chemotherapy
only. The relatively favorable outcome of these patients may
suggest an incorrectmorphologic classification of the BM and
emphasizes the importance of MRD in establishing IF in
future cases.

Although our study is limited by its retrospective nature,
heterogeneity of chemotherapy regimens used to achieve CR
after IF, and the use of different types of transplantation
procedures, we can report a significant improvement in
outcome compared with a historical cohort. The use of
nelarabine as salvage therapy did not affect treatment
outcomes in our study. Notably, attainment of a CR after IF is
paramount as there were no survivors among patients with
refractory disease, highlighting the need for effective sal-
vage regimens. Our study suggests transplantation should be
considered in patients with T-ALL IF who subsequently
attain a CR with conventional chemotherapy, regardless of
MRD status at the EOC. Despite the reported improvement in
thismore recent treatment era, the outcome of patients with
T-ALL and IF remains considerably worse than those who
achieve CR after induction therapy and they should be
candidates for early-phase studies of new T-cell–targeted
therapy including cellular approaches.
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APPENDIX

TABLE A1. Participating Cooperative Study Groups

Group Protocol
No. of Patients With
T-ALL ≤21 Years No. of T-ALL and IF Day of Planned BM

AIEOP-BFM AIEOP-BFM ALL 2000a 1,120 83 33

AIEOP-BFM-CPH-INS AIEOP-BFM ALL 2009 903 49 33

CoALL COALL03 110 14 29

COALL09 100 19 29

COG AALL0434 1,536 41 29

CPH ALLIC 2002 45 1 33

DFCI 00-001 49 5 28

05-001 97 7 32

11-001 26 4 32

DCOG DCOG-ALL10 116 8 33

DCOG-ALL11 116 6 33

EORTC 58081 140 13 35

58951 296 6 35

INS INS 2003 (BFM 2002) 60 1 33

INS 2007 (mod BFM 2002) 53 3 33

JPLSG CCLSG ALL2004 37 1 35

CCLSG ALL2000 30 1 28

JACLS ALL-T02 107 9 33

JACLS ALL-T97 72 4 28

KYCCSG ALL-02 21 1 29

KYCCSG ALL-96 21 1 29

TCCSG L04-16 117 3 43

TCCSG L99-15 90 3 43

NOPHO NOPHO ALL2008 304 19 NA

Ma-Spore Ma-Spore ALL 2003 69 3 33

Ma-Spore ALL 2010 27 1 33

SJCRH Total XV 75 1 46

Total XVI 104 3 42

UK UKALL2003 371 15 28

NOTE. Eight patients with IF T-ALL were diagnosed in 1999 and belonged to a pilot study before the beginning of AIEOP-ALL2000 (n5 5), to JACLS
ALL-T97 (n 5 2) and to EORTC 58951 (n 5 1).
Abbreviations: BM, bone marrow; IF, induction failure; NA, not available; T-ALL, T-cell acute lymphoblastic leukemia
aAlso includes patients not enrolled in the randomized study but treated with the same protocol.
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FIG A1. Kaplan-Meier OS estimate by baseline characteristics: (A) by WBC, (B) by ETP status, (C) by age, (D) by CNS status at
diagnosis, and (E) by marrow at EOI (M1 with isolated extramedullary disease; the test for comparison between M2 and M3 gives
P 5 0.09). BM, bone marrow; EOI, end of induction; ETP, early thymocyte precursor; OS, overall survival.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 41, Issue 32

Outcomes After T-ALL Induction Failure

http://ascopubs.org/journal/jco


Time Since Diagnosis (years)

OS
 (%

)
25

50

75

100

No remission

No. at risk:

23 5 1 1 0 0 0 0 0 0 0

290 237 197 178 164 132 100 81 64 53 41Complete remission

0 2 4 6 8 10

Complete remission

No remission

Log-rank P = <1e-04

FIG A2. Kaplan-Meier OS estimate by remission status. OS, overall survival.

0 2 4 6 8 10

Time Since Diagnosis (years)

OS
 (%

)

25

50

75

100

Block with nelarabine

No. at risk:

Chemotherapy blocks

IB

48 40 34 32 32 26 18 13 10 9 6

50 42 36 32 28 23 19 15 9 9 8

143 111 89 80 72 57 49 40 35 28 22

29 23 20 19 17 14 10 9 8 6 4IB augmented

Log-rank P = .6

Block with nelarabine

Chemotherapy blocks

IB

IB augmented

FIG A3. Kaplan-Meier OS estimate by postinduction treatment. OS, overall survival.

© 2023 by American Society of Clinical Oncology

Raetz et al



A

Time Since HSCT (years)

OS
 (%

)

0 1 2 3 4 5

25

50

75

100

2000-2008

No. at risk:

83 69 61 55 53 52 52 50 50 46 43

124 109 101 94 91 89 81 77 66 56 472009-2018

2009-2018 cohort 5-year OS = 74.4 (4)

2000-2008 cohort 5-year OS = 59.8 (5.4)

Period of diagnosis (log-rank P = .08)

B

Time Since HSCT (years)

0 1 2 3 4 5

OS
 (%

)

25

50

75

100

Sibling

No. at risk:

Unrelated matched

56 54 49 47 44 43 41 40 38 36 32

62 53 48 45 44 44 43 42 37 31 28

89 71 65 57 56 54 49 45 41 35 30Others

Unrelated matched 5-year OS = 72 (5.8)

Others 5-year OS = 58.4 (5.3)

Sibling 5-year OS = 79.8 (5.5)

Type of HSCT (log-rank P = .03)
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patients were excluded as date of transplant was missing. HSCT, hematopoietic stem cell transplant; OS, overall survival.
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FIG A5. OS according to MRD status at the EOC. EOC, end of consolidation; MRD,
minimal residual disease; OS, overall survival.
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FIG A6. (A) DFS and (B) OS of patients with T-ALL who achieved remission with postinduction treatment according to whether they received HSCT
or not in first CR according to MRD status at the EOC. Time originates at landmark (190 days, median time from diagnosis to HSCT). DFS, disease-
free survival; EOC, end of consolidation; HSCT, hematopoietic stem cell transplant; MRD,minimal residual disease; OS, overall survival; T-ALL, T-cell
acute lymphoblastic leukemia.
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