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Summary

Late relapse [>3 years from complete remission (CR)] in acute lymphoblas-

tic leukaemia (ALL), is unusual. Data from the MRC UKALLXII/ECOG

E2993 trial are presented to evaluate the incidence and characteristics of

late relapse in adult ALL. Of 1,909 patients, 1,752 (92%) achieved CR and

among these 757 (43�2%) relapsed; 691 (91�3%) within three years and 66

(8�7%) beyond. Among these 66 patients, median time to relapse was 47

(37–144) months. Relapse beyond three years occurred in 3�8% of all who

achieved CR. The cumulative risk of relapse was 40%, 43% and 45% at

three, five and ten years respectively. Out of the 1 752 patients who

achieved CR, 11�7% underwent autologous and 40�6% allogeneic trans-

plant, while in CR1. Of the autologous patients, 43�2% relapsed early and

3�4% relapsed late. However, among the allogeneic patients, 13�2% relapsed

early and only 1�3% late. The five-year overall survival from relapse was

5�8% and 20% in the early and late relapse patients respectively. In conclu-

sion, late relapse in adults with ALL is not uncommon, and is associated

with better outcome after relapse compared to early relapse.
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Introduction

Late relapse in acute leukaemia is considered relatively uncom-

mon. In acute myeloid leukaemia (AML), approximately

1% of all who achieved complete remission (CR) relapse after

3–5 years.1,2 In acute lymphoblastic leukaemia (ALL), data on

late relapses are mostly reported in paediatrics.3,4 An Italian

group5 reported that among 3 173 children with ALL and a

median follow-up of 9�1 years, 93 (2�9%) had relapsed

five years or more after achievement of CR with a median time

from diagnosis to relapse of 6�1 years. The five-year survival

after late relapse was 57%. In 2007, Fielding et al.6 reported on

609 relapsed patients who participated in the MRC UKALL-

XII/ECOG E2993 study which is one of the largest prospective

adult ALL studies7 with a median follow-up of 4�08 years.

Now, with a longer follow-up (median follow-up of eight

years), retrospectively analyzing the relapses of the patients in

this study, allowed us to look at the question of the rate and

characteristics of late relapses in adult ALL. We defined, arbi-

trarily, a late relapse as a first relapse occurring three years or

more post achievement of CR and very late relapse as relapse

beyond five years from CR.

Materials and methods

UKALLXII/ECOG E2993 was an international ALL trial con-

ducted jointly by the Medical Research Council (MRC) in

the United Kingdom and the Eastern Cooperative Oncology

Group (ECOG) in the United States. All patients received

identical induction therapy, followed by central nervous sys-

tem (CNS) prophylaxis. Initially, patients aged under

50 years with a sibling donor [or a matched unrelated donor

in Philadelphia chromosome-positive (Ph-pos) ALL] were

assigned to receive an allogeneic haematopoietic stem cell

transplant (HSCT); all others were randomized to undergo

an autologous HSCT or protracted standard consolidation/

maintenance therapy. In 2003 the protocol was modified to

assign HSCT for patients aged up to 55 years. In addition,

the tyrosine kinase inhibitor (TKI) imatinib, was introduced

for Ph-pos patients and planned to be given following both

phases of induction. In 2005 imatinib was added to the sec-

ond phase of induction.8 The study accrued 2 109 patients

from 1993 to 2006. In this report, the cohort of Ph-pos

patients who received imatinib is reported separately.

Details of the study eligibility, diagnostic procedures and

treatment were previously described.7,9

Data collection after relapse

After relapse, following initial on-protocol therapy, patients

were followed up, but choice of therapy was left to the dis-

cretion of physician and patient. Limited data were collected

on therapy after relapse, but transplantations, subsequent

relapses, and survival or date of death were recorded. Data

on achievement of second or subsequent CR were not col-

lected. The median duration of follow-up was based on

patients who have not died. The last update of the data was

on December 2010.

Cytogenetic risk stratification

High-risk cytogenetics was defined as t(9;22), t(4;11), t(8;14),

HoTr [low hypodiploidy (30-39 chromosomes), near tri-

ploidy (60–78 chromosomes)] or complex karyotype (five or

more abnormalities in the absence of an established chromo-

somal or ploidy subgroup).10 All the others were part of the

standard-risk cytogenetics group.

Identification of Philadelphia chromosome-like (Ph-like)
ALL

RNA samples from 210 BCR/ABL-negative B-lineage cases of

the E2993 cohort were analyzed, retrospectively, for the Ph-

like phenotype using a 15-gene TaqMan� (Thermo Fisher

Scientific, Waltham, MA, USA) low-density array (LDA)

polymerase chain reaction (PCR) assay on a 384-well

microfluidic card, as previously described.11,12 An integrated

score between 0 and 1 was generated from the 15-gene assay,

and any sample with a predictive score of ≥ 0�5 was consid-

ered to be Ph-like.

Minimal residual disease (MRD) status was not consis-

tently measured during the period of the study.

Statistics

Descriptive statistics were used to describe patient character-

istics. Cumulative incidence of relapse and death without

relapse was estimated using the method developed by Gray.13

Competing risks regression was performed using the Fine

and Gray method.14 The Kaplan–Meier method was used to

construct the survival curve.

Results

The first and main cohort included 1 909 study patients; 1 440

(75�4%) Philadelphia chromosome negative (Ph-neg), 267

(14%) Ph-pos and 202 (10�6%) with unknown Philadelphia

chromosome status (Ph-unknown). Altogether, 1 752 (92%) of

the patients achieved CR. The median age of these patients was

30 years, 61�5% were male, 77�1% had B-lineage ALL, 46�2%
had standard-risk cytogenetics, 22�8% high risk and 30�9% had

unknown cytogenetics. As post-remission therapy, 711 patients

(40�6% of those who achieved CR) underwent allogeneic

HSCT in CR1, 206 (11�7%) underwent autologous transplant

and all others received protracted chemotherapy, as consolida-

tion-maintenance therapy. The median duration of follow-up

among patients who achieved CR was 96�5 months (~8 years).

Relapse rate

Among the 1 752 patients who achieved CR, 757 (43�2%)

had a documented relapse; 691 (91�3%) relapsed within three
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years from achieving CR (’early relapse’) and 66 (8�7%)

relapsed beyond three years (’late relapse’). Among these 66

patients, 21 (2�8% of all relapses) relapsed after five years

(’very late relapse’). Among 732 patients who survived three

years, 9% experienced late relapse and 4% of the 528 patients

who survived five years experienced very late relapse. The

median time to relapse was nine months and 47 (37–144)
months for the early and late relapses respectively. The

relapse rate beyond three years of all those who achieved a

CR was 3�8%. The cumulative risk of relapse increased to

40% after the first three years but thereafter slowed down,

reaching 43% and 45% after five and ten years respectively.

Of note, the cumulative risk of death without relapse after

three years was 17% and it was increased to 18% and 20% at

five and ten years respectively (Figure 1).

Analysis according to patient characteristics at diagnosis

Table I shows patient characteristics comparing late and early

relapses along with all patients in CR1. The cytogenetic

abnormalities of both relapse groups are summarized in

Table II. Among the late relapse patients 62% were males,

median age was 32 years, median white blood cell (WBC)

count was 6 9 109/l and 87�9% had B-lineage ALL. In com-

parison, early relapse patients presented with a higher med-

ian WBC, for both B- and T-lineages ALLs. Among the 810

standard-risk patients, 35�4% relapsed early (n = 287) and

4�7% relapsed late (n = 38). In contrast, among the 400

high-risk patients, the rate of early relapse was higher

(50�5%, n = 202) but the rate of late relapse was lower

(1�25%, n = 5), compared to the standard-risk patients.

The cumulative incidence of relapse and death without

relapse of each cytogenetic abnormality are summarized in

Table SI.

Among the subgroup of patients enrolled on the US

ECOG (E2993) study, 210 BCR/ABL-negative patients who

achieved CR were subsequently tested for the Ph-like pheno-

type. Of these 210 patients, 55 (26�2%) were identified as

having the Ph-like phenotype. Of the 55 Ph-like patients, 30

relapsed early (four underwent allogeneic HSCT and seven

autologous HSCT) and three relapsed late (one underwent

allogeneic HSCT). To emphasize, these data were not avail-

able at the time of treatment and thus, did not influence

decisions regarding treatment.

Analysis by HSCT in CR1

Of the 1 752 patients who achieved CR, 206 (11�7%) under-

went autologous HSCT and 711 (40�6%) underwent allo-

geneic HSCT. The other 835 (47�6%) patients received only

chemotherapy as first-line treatment. The rate of early relapse

was highest among those who received only chemotherapy

(n = 508, 60�8%), lower among those who underwent auto-

HSCT (n = 89, 43�2%) and lowest among the allo-HSCT

patients (n = 94, 13�2%). Late relapse occurred in the same

order; 5�9% (n = 50) among the chemotherapy patients,

3�4% (n = 3) among those who underwent auto-HSCT and

only 1�3% (n = 9) among the allo-HSCT patients.

Analysis of Ph-positive patients by imatinib treatment

Of the 220 patients who achieved a CR and were treated in

the pre-imatinib era, 124 (56�4%) relapsed but only two

(1�6% of the relapses) relapsed beyond three years. Ph-pos

patients who received imatinib included 175 eligible patients,

of whom 159 (90�9%) achieved a CR, had remission date

recorded and did not die within 56 days from start of treat-

ment. Their baseline characteristics including additional cyto-

genetic abnormalities are summarized in Table SII. Among

these 159 patients, 65 (40�9%) relapsed but only two patients

(3% of the relapses) relapsed beyond three years. Of the 159

patients who achieved remission, 105 patients were assigned

to receive the imatinib during induction and 54 started

receiving it later. The hazard ratio for relapse-free survival

(imatinib during induction vs. later) was 0�80 [95% confi-

dence interval (CI) 0�54–1�2], P-value = 0�26.

Outcome after relapse

The median survival and the 5-year OS after relapse for the late

relapse patients were low; 11�3 months (95% CI 9�2–22�5) and
20% (95% CI 11–35%), respectively, but longer than of those

who relapsed within three years; 5�4 months (95% CI 4�9–6�0)
and 5�8% (95% CI 4�3–7�9%) respectively (Figure 2).

Discussion

Based on the current study, relapse three years beyond CR

among adults with Ph-neg ALL is not uncommon; ~9% of
Fig 1. Cumulative incidence of relapse and death without relapse of

all 1 752 patients who achieved complete remission.
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all relapses or ~4% of all who achieved CR. Survival after

relapse is poor but longer for late relapses.

Among the standard-risk patients, the rate of early and

late relapse was 35% and 5%, respectively, compared to 50%

and 1% among the high-risk patients. Nevertheless, for

patients who survived three years or longer (28% of the

high-risk cytogenetics and 49% of the standard-risk), the rate

of late relapse was similar among the two groups (8% of the

high-risk patients and 11% of the standard-risk ones). Thus,

although a lower percentage of high-risk patients survived

three years, those who actually survived had a similar risk of

subsequent late relapse, compared to the standard-risk

patients. Taken together, adult ALL patients in CR in all

cytogenetic risk groups should be followed carefully for a

longer duration of time.

The current analysis, with its long follow-up, shows the

impact of transplant on relapse rate. The majority of the

relapses after allogeneic or autologous HSCT occurred early.

We can confirm our early report9 that the overall relapse rate

after allogeneic transplantation in first CR remains low

(14�5%) and now show that after three years relapses rarely

occur (1�3%). On the other hand, the overall relapse rate

after autologous transplant in CR1 is high (46�6%), but only

3�4% relapsed late.

Table I. Baseline characteristics of the patients who achieved CR and their modality of treatment.

All patients who achieved CR Relapse < 3 years Relapse ≥ 3 years

n 1 752 691 66

Age Median 30 32 32

Gender (%) Male 61�5 62�4 62�1
Lineage (%) B 77�1 79�2 87�9

T 19�6 17�1 10�6
WBC (10/l) Median 13 18 6

B-ALL (median) 10 15 6

T-ALL (median) 38 40 15

Cytogenetic risk group Standard, n (%) 810 (46�2)* 287 (35�4)† 38 (4�7%)†

High, n (%) 400 (22�8)* 202 (50�5)† 5 (1�25)†
Unknown, n (%) 542 (30�9)* 202 (37�3)† 23 (4�2)†

Days to CR Median 30 31 34

Haematopoietic stem cell

transplant, at CR1

Autologous, n (%) 206 (11�7)* 89 (43�2)‡ 7 (3�4)‡
Allogeneic, n (%) 711 (40�6)* 94 (13�2)‡ 9 (1�3)‡
No (chemotherapy only), n (%) 835 (47�6)* 508 (60�8)‡ 50 (5�9)‡

CR, complete remission; WBC, white blood cells.

*Percentage of the 1 752 patients who achieved CR.

†Percentage of patients with the same cytogenetic risk group.

‡Percentage of the patients who received the same modality of treatment as first-line therapy (autologous transplant, allogeneic transplant or

chemotherapy only).

Table II. Cytogenetic abnormalities. The last line represent the second and different cohort of Ph-positive patients who received imatinib.

n (% of 1 752 patients

who achieved CR)

Relapse < 3 years

n (% of patients with the

same abnormality)

Relapse ≥ 3 years

n (% of patients with the

same abnormality)

t(1;19)† 31 (1�8) 10 (32) 0

Hyperdiploidy† 132 (7�5) 37 (28) 5 (3�8)
t(8;14)† 18 (1) 10 (55�6) 0

Ho-Tr† 34 (1�9) 15 (44�1) 2 (5�9)
Complex† 56 (3�2) 28 (50) 1 (1�8)
t(4;11)† 78 (4�5) 29 (37�2) 0

Ph-positive* 220 (12�6) 122 (55�5) 2 (0�9)
Ph-positive – imatinib cohort 159 63 (39�6) 2 (1�2)

Complex, complex karyotype (five or more abnormalities in the absence of an established chromosomal or ploidy subgroup); CR, complete

remission; Ho-Tr, low hypodiploidy (30–39 chromosomes) and near triploidy (60–78 chromosomes); hyperdiploidy, high hyperdiploidy (51–65

chromosomes); Ph, Philadelphia chromosome.

*Data are missing in around 10% of the patients.

†Data are missing in 25–35% of the patients.
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While the study was conducted, imatinib was introduced

as standard therapy in Philadelphia-positive ALL. A retro-

spective comparison demonstrated a reduction in the rate of

relapse among the imatinib cohort compared to pre-imatinib

(40�9% vs. 56�4% of the patients who achieved CR in each

cohort respectively) but the rate of late relapses among the

relapses of each cohort was comparable (3% vs. 1�6% respec-

tively).

The concept of Ph-like ALL was not known during the

conduct of the study. Retrospective analysis of 210 BCR/

ABL-negative patients who achieved CR revealed that a quar-

ter of them were Ph-like ALL (unpublished data). A similar

rate was reported in a large study which included 798 sam-

ples from different clinical trials (including this one); 27�9%
of young adults (age 21–39 years) and 20�4% of adults (age

40–59 years).12 Ph-like patients are known to have an unfa-

vourable prognosis15 and in the current study, most Ph-like

ALL patients relapsed early and only two of them relapsed

late. More data regarding this group of patients will be sub-

sequently published.

Prior studies showed that adults with ALL who relapse

later have a relatively more favourable outcome than early

relapses. The PETHEMA group with 263 adults with ALL,

reported a higher five year OS rate of 31% (95% CI, 21–
41%) among patients relapsing after two years in CR1 com-

pared to 1�8% (95% CI 0–4%), among those relapsing within

the first year of achieving first CR and 15% (95% CI 7–23%)

for patients relapsing between one and two years.16 The Ger-

man Multicenter Study Group for Adult Acute Lymphoblas-

tic Leukaemia reported in 291 adult patients with relapsed

ALL that those who relapsed after 18 months had a median

OS of 19�7 months, compared to 8�3 months for those who

relapsed earlier.17 In comparison, our study with more

patients and longer follow-up showed that the outcome of

even later relapses — beyond three years — remains dismal

with median survival of only 11 months and a five years OS

of 20%, although slightly longer than earlier relapses.

The reason for patients relapsing late is not clear. The

original leukaemic stem cells or different subclones18 might

be protected in the bone marrow niche19 and eventually pro-

gress due to a change in the microenvironment20 or to the

cessation of long continuous chemotherapy pressure when a

patient completes the maintenance therapy. Hogan et al.21

demonstrated a different gene expression signature of early

versus late relapse ALL in children. Furthermore, they showed

that the late relapse patients had up-regulation of genes

involved in nucleotide biosynthesis and folate metabolism

and speculated that this is related to the methotrexate and

mercaptopurine that are basic components of maintenance

therapy.

Other etiologies for late relapse need to be considered.

True secondary ALL, as has been well described in AML,22-24

is very uncommon and its existence is, in fact, uncertain.25

However, a second de novo ALL has been suggested in some

cases of relapsed ALL.26 The current study could not deter-

mine whether the late relapses are true recurrences rather

than second leukaemias, but it remains a likely assumption.

Future molecular studies comparing the original clones with

the relapsed cells may shed light on this question as well the

association of late relapse and better outcome.27,28

The basis for better survival from relapse of the late

relapse patients is also unclear, but is reminiscent to late

relapse of AML,29 chronic lymphocytic leukaemia30 and other

lymphoproliferative diseases, where the outcome after relapse

is dependent on the duration of first remission. Patient-re-

lated factors, such as the ability to tolerate more aggressive

treatment after being off treatment for longer time, probably

have some influence on the survival. But disease-related fac-

tors, such as the ability of the dormant cells to not acquire

new mutations or other biological changes causing treatment

resistance, probably play a bigger role.

Finally, one of the limitations of this analysis is that

patients went off study after relapse and continued to be fol-

lowed mainly for survival and not for subsequent treatments.

Thus, we could not address the important question of

whether new drugs, such as blinatumumab and inotuzumab,

and new modalities of treatment, such as CAR-T cell ther-

apy, that may have been used in several patients, influenced

the survival of the patients. It is likely, that these new strate-

gies will in the future become part of the first-line treatment

and then it will be very important to study the impact of

these novel strategies on late relapse.

In conclusion, relapses three years beyond CR among

adults with ALL are not uncommon. Adult patients with

ALL cannot be considered as cured after three years and need

to be closely followed up to five years and even beyond. The

rate of late relapse after allo-HSCT in first CR is very low.

Survival of patients after late relapse is longer than among

early relapse, but is still short.

Fig 2. Survival from relapse date for all patients who relapsed after

3 years from complete remission (n = 66).
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