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Abstract

Recurrent acute lymphoblastic leukaemia (ALL) is a
common disease for pediatric oncologists and accounts
for more deaths from cancer in children than any other
malignancy. Although most patients achieve a second
remission, about 50% of relapsed ALL patients do not
respond to salvage therapy or suffer a second relapse
and most children with relapse die. Treatment must
be tailored after relapse of ALL, since outcome will
be influenced by well-established prognostic features,
including the timing and site of disease recurrence,
the disease immunophenotype, and early response
to retrieval therapy in terms of minimal residual dis-
ease (MRD). After reinduction chemotherapy, high risk
(HR) patients are clear candidates for allogeneic stem
cell transplantation (SCT) while standard risk patients
do better with conventional chemotherapy and local
therapy. Early MRD response assessment is currently
applied to identify those patients within the more het-
erogeneous intermediate risk group who should un-
dergo SCT as consolidation therapy. Recent evidence
suggests distinct biological mechanisms for early vs
late relapse and the recognition of the involvement of
certain treatment resistance related genes as well cell
cycle regulation and B-cell development genes at re-
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lapse, all providing the opportunity to search for novel
target therapies.
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Core tip: Selected recent publications regarding the
current management of childhood relapsed acute
lymophoblastic leukemia have been reviewed. Con-
troversies, current lines of investigation and possible
future directions are discussed.
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INTRODUCTION

Despite current cure rates above 75%M, relapse is the
most important obstacle in definite cure of children with
acute lymphoblastic leukaemia (ALL)". Depending on
certain risk factors, such as age at diagnosis, sex, ethnicity,
presenting white blood cell (WBC) count, hematopoietic
lineage of the disease, cytogenetic abnormalities, and early
response to primary therapy (Table 1), approximately
20% of children diagnosed with ALL will experience re-
lapse after current frontline therapyH’”J. In a retrospective
analysis of 9585 patients registered within 10 consecutive
Children’s Cancer Group (COG) studies, the relapsed co-
hort had a higher percentage of patients who fell in the age
range < 1 or = 10 years, as well as a higher proportion of
males, patients with initial WBC count > 100000/mlL, and
African American or Hispanic ethnicity. Slow eatly response
was also associated with a higher risk of relapse. By con-
trast, there was no significant difference in the distribution

August 6, 2014 | Volume 3 | Issue 3 |



Fuster JL. Childhood, relapse, acute lymphoblastic leukaemia

Table 1 Features at primary diagnosis of acute lymphoblastic leukaemia associated with an increased risk of relapse™

Clinical features

High-risk group stratification’

Age Infants <1 yr old
=10yr

WBC =50 x 10°/L

Sex Male

Ethnicity Blacks
Native American
Alaskan Native
Hispanic

CNS status CNS3

Response to therapy

Morphological response PPR
Induction failure’

MRD = 0.01% After induction (day 33)

After consolidation (day 78)

Biology
Immunophenotype T-cell

Early T-cell precursor
Genetic alterations BCR-ABL1

MLL translocation

Hypodiploidy (< 44 chromosomes)

TCF3-PBX1 (E2A-PBX1)
TCF3-HLF

iAMP21

BCR-ABL1-like ALL*
IKZF1 mutation or deletion

Accepted by some study groups
Yes
Yes if age <1yr
Yes
No
Accepted by some study groups
Accepted by some study groups
No
No

'Some features have prognostic importance but are not commonly used in risk stratification; *The National Cancer Institute (NCI)/Rome

risk criteria categorize as high risk patients all those patients with WBC = 50 x 10°/L and/or age = 10 yr; ’Induction failure: failure to

achieve morphological remission after 4 to 6 wk of induction therapy; “The BCR-ABL1-like or Ph-like ALL with a gene expression profile
similar to that of Ph + ALL. ALL: Acute lymphoblastic leukaemia; CNS: Central nervous system; CNS3: = 5 WBC/uL in cerebrospinal
fluid with blasts or cranial nerve palsy; MRD: Minimal residual disease; PPR: Poor prednisone response defined as = 1 x 10°/L leukemic

blasts in the peripheral blood after 1 wk prednisone prophase; WBC: White blood cell count.

of the immunophenotype (B-precursor or T-cell) between
the patients who relapsed 25 those who did not"®. Recur-
rent ALL is a relatively common disease for pediatric on-
cologists, and given the relatively high prevalence of newly
diagnosed ALL, relapsed ALL still has a higher incidence
than the new diagnoses of many of the most common
pediatric malighancies and represents one of the most com-
mon childhood cancer. The number of children with ALL
who experience treatment failure each year is similar to the
number of children with newly diagnosed acute myeloid
leukemia or rhabdomyosarcoma®'™. Moreover, relapsed
ALL accounts for more deaths from cancer in children
than any other malighancy and tepresents a major cause of
death among children'""”*, In the early 1980s, ALL relapse
was regarded as an almost incurable disease®™. Today, most
patients achieve a second remission. However, about 50%
of relapsed ALL patients do not respond to salvage therapy
or suffer a second relapse™****. For these patients, prog-
nosis is extremely poor with survival rates below 10%"".
Despite substantial second remission rates and a wide avail-
ability of haematopoietic stem cell transplantation (SCT),
most children with relapse die”.

After remission reinduction, recommendations for
continuation therapy include ongoing intensive chemo-
therapy with or without radiation therapy or SCT. As
in newly diagnosed patients, treatment must be tailored
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after relapse of ALL, since outcome will be influenced
by several risk factors. Decisions regarding optimal pos-
tremission therapy in relapsed ALL are frequently based
on well-established prognostic features, including the
timing and site of disease recurrence, the disease immu-
nophenotype, and, more recently, on evaluation of eatly
response in terms of minimal residual disease (MRD) at
the end of the reinduction phase™****, With conven-
tional approaches (intensive chemotherapy and/or SCT),
disease free survival (DFS) rates range approximately
from 20% to 50% depending on the study, time to end
point, and the patient population. Though slightly dif-
ferent variables were measured, results from different
study groups showed similar poor outcomes for patients
in second complete remission (CR2)"**"##**%3 "Thyg,
there is a relative lack of success in the induction of
durable second remissions using conventional chemo-
therapy combinations and the benefits of SCT »s aggres-
sive chemotherapy for different patient groups remain
unclear. Although the best treatment approach for re-
lapsed ALL remains uncertain, there is agreement that
when relapse occurs eatly, leukemia-free survival remains
dismal; most children still die despite aggressive chemo-
radiotherapy approaches, including transplantation, and
novel salvage regimens are needed"******, Relapsed
ALL represents the focus of considerable pediatric re-
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Table 2 Basic concepts of acute lymphoblastic leukemia relapse

Site of relapse Ref.
BM > 25% blasts in the BM (M3 marrow) and/or Isolated BM No evidence of ALL in the CNS [21,24,26,28,
blasts cell in the PB or any other site 30,36,38]
Concurrent or combined = 5% blasts in the BM in combi- [22,24,26,28,
nation with EM ALL 30,38,39]
Isolated CNS = 5 cells/mm’ with leukemic blasts in a cytocentrifuge preparation of < 5% blasts in the BM, no blasts [24,25,28,

the cerebro-spinal fluid demonstrating leukemic blasts (cytomorpho- in the PB and absence of leuke- 30,36,38,39]
logical) without major blood contamination (< 20 erythrocytes/mm’)' mic infiltrations elsewhere

OR clinical signs of CNS disease OR

a leukaemic mass found on cranial computed tomography or magnetic

resonance imaging

Isolated testicular® Leukemic infiltrations in the testis demonstrated by biopsy (both mi- < 5% blasts in the BM, no blasts [24]
croscopically and immunologically) in the PB and absence of leuke-
mic infiltrations elsewhere
Other extramedullary Leukemic infiltrations demonstrated by biopsy (both microscopically < 5% blasts in the BM, no blasts [24,38]
and immunologically) in the peripheral blood and ab-
sence of leukemic infiltrations
elsewhere
Length of first CR
COG classification [16,26,28,
29,36]
Early Within 36 mo from initial diagnoses Very early <18 mo from initial diagnoses
Intermediate  18-36 mo from initial diagnosis
Late = 36 mo from initial diagnosis
BEM classification
Early Occurring within 6 mo of the completion of frontline Very early Within 18 mo from diagnosis [42]
therapy
Late More than 6 mo after the completion of frontline thera-
Py
Response evaluation after relapse
CR? M1 marrow (< 5% blasts by bone marrow aspirate) in absence of clinical signs of disease with no evi- [19,22,25,
dence of circulating blasts or extramedullary disease and a recovered bone marrow* 28,30,38]
M2 marrow  presence of 5% to 25% blasts in the BM aspirate by conventional morphology [28]
M3 marrow  presence of > 25% blasts in the BM aspirate by conventional morphology [28]
CNS remission <5 WBC cells/mL regardless of cytologic evaluation [36]
Remission of testicular relapse defined clinically by return to normal testicular size [36]
Reinduction failure Reinduction treatment not resulting in CR [19]
Refractory patients Surviving patients after reinduction failure [19]

Relapse after a new remission A pathologically confirmed M3 marrow (= 25% leukemic blasts) or the presence of leukemia in any other [19]
site (e.g., CNS, PB)

Treatment failure’ All cases of relapse and reinduction failure [19]
MRD response positive Identification of = 0.01% blasts (1/10000) in the BM using flow cytometry-based assays  [28]
negative < 0.01% blasts in the BM using flow cytometry-based assays [28]

'Some studies require the demonstration of the presence of leukemic cells in the CSF in two consecutive CSF samples taken with an interval of at least 24
h (van de Berg, PBC-2011; Barredo, JCO-2006); ’In some studies, testicular relapse was diagnosed in case of uni- or bilateral painless enlargement of the
testicles (Reismiiller, BJH-2009; Saarinen-Pihkala, JCO-2006). In case of unilateral testicular relapse, excluding a subclinical involvement of the contralateral
testis is recommended (Einsiedel, JCO-2005); *Second, third and subsequent remissions are designated as CR2, CR3 ... respectively; ‘Recovery of the BM
is assumed in case that white blood cell (WBC) count is > 2.0 x 10°/L and platelet count > 50 x 10°/L (van de Berg, PBC-2011). Other studies considered
the recovery of peripheral counts if absolute neutrophil count is = 750-1000/uL with platelet count = 75000-100000/ uL) (Ko, JCO-2010, Raetz, JCO-2008,
Raetz, 2012). Some studies consider patients without platelet recovery but fulfilling the remaining criteria for CR as “CR without platelets” (Ko, JCO-2010,
Raetz, JCO-2008, Kolb, Leukemia-2003); *Treatment failures, development of a second malignant neoplasm, or death from any cause are generally consid-
ered events for disease-free survival (DFS) analysis (Ko, JCO-2010). ALL: Acute lymphoblastic leukaemia; BEM: Berlin-frankfurt-miinster; BM: Bone mar-
row; CNS: Central nervous system; COG: Children Oncology Group; CR: Complete remission (complete response); EM: Extramedullary; MRD: Minimal
residual disease; PB: Peripheral blood.

search and alternative treatment options exploring dis- lapse. According to the site of relapse, patients are com-

. . . h 17.3 . .

tinct mechanisms of action are being pursuedl 1 New monly classified as isolated marrow, concurrent marrow,

studies clearly need to address how to effectively treat isolated central nervous system (CNS), isolated testicular
(6]

and other extramedullary relapses with or without CNS
involvement (Table 2)!"".
Marrow relapse is generally defined as a bone mar-

relapsed patients and maintain durable remissions

BASIC CONCEPTS OF ALL RELAPSE row (BM) showing greater than 25% blasts (M3) by
Site of relapse and length of first remission are the ma- conventional morphology and/or blasts cells in the
jor criteria for the classification of patients after first re- petipheral blood?"***0#%% solated BM (medullary)

Boishidenge  WJH | www.wjgnet.com 51 August 6, 2014 | Volume 3 | Issue 3 |



Fuster JL. Childhood, relapse, acute lymphoblastic leukaemia

relapse is like marrow relapse but without evidence of
ALL in the CNS, testicles or any other site. Combined
BM relapse is defined as = 5% blasts in the BM in com-
bination with extramedullary ALLPP#2625303850 - A ceord-
ingly, isolated extramedullary relapses are those with a
clinically-overt extramedullary manifestation of leukemia
and less than 5% marrow infiltration”". Isolated CNS
relapse is defined as = 5 cells/ mm’ in a cytocentrifuge
preparation of the cerebro-spinal fluid demonstrat-
ing leukemic blasts (cytomorphological) without major
blood contamination (< 20 erythrocytes/mm’) or clini-
cal signs of CNS disease or a leukemic mass found on
cranial computed tomography or magnetic resonance
imaging, and < 5% blasts in the bone marrow, no blasts
in the peripheral blood and the absence of leukemic in-
filtrations elsewhere (Table 2)[22’25’28’30’36’38’39]. Some studies
require the demonstration of the presence of leukemic
cells in the cerebrospinal fluid (CSF) in two consecutive
CSF samples taken with an interval of at least 24 KP4,
Evidence suggests that submicroscopic involvement of
the BM with leukemia is a frequent finding in patients
with “apparently” isolated CNS relapse[m.

Isolated relapse elsewhere (testicle, skin, bone, orbita,
mediastinum, lymph nodes, and tonsils) can be defined
as leukemic infiltrations demonstrated by biopsy (both
microscopically and immunologically), with < 5% blasts
in the BM, no blasts in the peripheral blood and an ab-
sence of leukemic infiltrations elsewhere (Table 2)™. In
some studies, testicular relapse was diagnosed in case of
uni- or bilateral painless enlargement of the testicles™.
In the case of unilateral testicular relapse, it is recom-
mended to rule out a subclinical involvement of the
contralateral testis”".

Although a cut-off point between early and late re-
lapses is often made at 3-6 mo after treatment cessation,
the definitions for “early” »s “late” relapse differ slightly
among different study groups. The COG categorizes
relapses as “early” (recurrence occurring within 36 mo
after initial diagnoses) or “late” (occurring = 36 mo af-
ter initial diagnosis). Early relapses are further classified
as “very early”, if they occur < 18 mo, or “intermediate”,
if they occur 18-36 mo after initial diagnosis“6’26’28’29’36].
For the Berlin-Frankfurt-Minster (BFM) group, the
time-point of relapse is defined in relation to the date of
primary diagnosis and the date of completion of prima-
ry therapy (i.e., the end of the antileukemic therapy of
the frontline protocol). Although completion of primary
therapy often corresponds to the end of the mainte-
nance therapy, in a few patients, it may correspond to the
end of a short and intensive first line treatment, or to
the end of an inadequately short primary treatment. For
the BFM group, the end of frontline therapy is as much
or even more important than the duration of the first
remission. Therefore, those relapses occurring within 6
mo of the completion of frontline therapy are classified
as “early”, while “late” relapses are those occurring more
than 6 mo after the completion of frontline therapy. The
concept of “very early” relapse coincides with that of
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the COG classification (7.e., relapses occurring within 18
mo after diagnosis)m]. Thus, assuming that, for most pa-
tients, the duration of contemporary frontline treatment
is 24 mo, there is a six months gap between the COG
and the BFM criteria for the definition of late relapse so
that relapses occurring between 30 and 36 mo after ini-
tial diagnosis should be considered as “late” within BEM
trials, while COG trials should consider them as eatly
relapses.

Patients are considered to have achieved a complete
response (CR) if reinduction treatment results in an M1
marrow (< 5% blasts by BM aspirate) in the absence
of clinical signs of disease with no evidence of circu-
lating blasts or extramedullary disease and a recovered
BM (Table 2)!"***%* M2 and M3 marrow response
are defined as the presence of 5% to 25% and > 25%
blasts in the BM aspirate by conventional morphology,
respectivelylzsj. Recovery of the BM is assumed in cases
where the white blood cell (WBC) count is > 2.0 X
10°/L and platelet count > 50 X 10°/L.PY, Other studies
considered the recovery of peripheral counts if absolute
neutrophil count is = 750-1000/ pL with platelet count
= 75000-100000/ L), Some studies consider pa-
tients without platelet recovery but fulfilling the remain-
ing criteria for CR as “CR without platelets”llg’28’431. CNS
remission is commonly defined as < 5 WBC cells/mL
regardless of the cytologic evaluation and remission of
testicular relapse is defined clinically by a return to nor-
mal testicular size™. Reinduction treatment not resulting
in CR is generally termed reinduction failure and surviv-
ing patients are termed refractorymj. Regarding MRD
response, the identification of = 0.01% blasts (1/10000)
in the BM using flow cytometry-based assays is generally
assumed as MRD positive (negative < 0.01%)*. After a
new remission is achieved, relapse is defined as a patho-
logically confirmed M3 marrow (= 25% leukemic blasts)
or the presence of leukemia in any other site (e.g., CNS,
peripheral blood)"”. Relapses and reinduction failures
are collectively termed treatment failures within most
studies. Treatment failures, the development of a second
malignant neoplasm, or death from any cause are gener-

ally considered events for DFS analysis'"”.

CONTRIBUTING FACTORS FOR ALL RE-
LAPSE

Clinical

Age and WBC at primary diagnosis of ALL are the most
important clinical prognostic factors. Infants < 1 year
old and children = 10 years have the worse prognosis
(Table 1) Risk factors predicting CNS relapse after the
first CR include T-cell immunophenotype, hypetleuko-
cytosis, high-risk genetic abnormalities, and the presence
of leukemic cells in the CSF at the time of diagnosis[44].

Biological
Understanding the biological factors contributing to re-
lapse will probably contribute to identifying new agents
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Table 3 Clinical and biological data of early vs late relapses

Clinical data Biological explanation Ref. Biological evidence Ref.
Early Patients failing to achieve CR2  Intrinsic drug resistance: the Yanget Genome-wide analysis of DNA CNAs Mullighan et al*®, 2008
relapse with the same agents used at malignant cells responsible  al*”, 2008 and LOH on matched diagnostic and

primary diagnosis usually do for relapse are present at relapse BM samples revealed that the

not respond to different drug diagnosis and are selected majority (94%) of relapse cases was

combinations for during treatment related to the presenting diagnostic

leukemic clone

Equivalent post-relapse survival The malignant cells respon- Freyer et Primary diagnosis and relapse clones

for patients undergoing different sible for relapse are present al”!, 2011 originates from a common ancestral

intensity regimens at primary  at diagnosis and mutate to a clone and acquire distinct CNAs before

diagnosis resistant phenotype through emerging as the predominant clone at

the acquisition of spontane- diagnosis or relapse
ous mutations

Decrease in CR rates after sub-  Acquisition of resistance- Ko et al, Adquisition of new genetic alterations Bhojwani et al**!, 2006

sequent relapses and treatment  conferring mutations 2010 at relapse, often involving cell prolifer- Yang et al'*”, 2008

attempts induced by initial treatment ation and B-cell development pathway Mullighan et al'**!, 2008

Hogan et al™ 2011

Late  The distribution of patients expe- Late relapse represents de ~ Nguyen Distinct patterns of gene expression in Bhojwani et al'**!, 2006
relapse riencing early and late relapses novo development of a etal™,  pairs of relapsed samples from patients

were highly skewed towards second leukaemia from a 2008 who relapse early from those relapsing

NCI HR in the former group and common premalignant clone
NCI standard risk in the latter

later

Pattern of NOTCH1 mutations and
genome-wide copy number showed a

Szczepanski et al™, 2011

common clonal origin between diag-

nosis and early relapse but not for late

relapses of T-cell ALL

Distinct pattern of deletions at the non- Zuna et al®™, 2004
translocated TEL allele at primary

diagnosis and relapse of TEL-AML1-

positive ALL

ALL: Acute lymphoblastic leukaemia; CAN: Copy number abnormalities; CR: Complete remission; CR2: Second complete remission; HR: High risk; LOH:

Loss-of-heterozygosity; NCI: National Cancer Institute.

able to increase the chances of a sustained second remis-
sion and cure. Studying the biology of these diseases at
diagnosis, in minimal residual disease states after selec-
tion by chemotherapy, and at relapse, provides a unique
opportunity to dissect pathways and identify potential
therapeutic strategies for relapsed childhood ALL and
may improve our understanding of how to use current
therapy as well as identifying new targets[16’37’45].

It has generally been assumed that relapse is the con-
sequence of the emergence of a drug-resistant leukemia
subclone which was already present at diagnosis and
that was selected during frontline therapy. During ini-
tial therapy, this minor population would exhibit only
moderate reduction relative to the bulk of the diagnostic
leukemic cells but would rapidly expand before clinical
relapsew. Although most relapsed patients achieve a
second CR2 with drug combinations involving the same
agents used at primary diagnosis, those patients who fail
to enter in remission are not likely to be salvaged using
different drug combinations, suggesting intrinsic drug
resistance!™. The equivalent post-relapse survival for
patients undergoing different intensity regimens as first
line therapy, suggests that the malignant cells responsible
for relapse are present at diagnosis and mutate to a re-
sistant phenotype through the acquisition of spontane-
ous mutations that are dependent on intrinsic genomic
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instability rather than treatment exposuresm]. Lesion
specific backtracking studies revealed that in most cases
the relapse clone existed as a minor sub-clone within
the diagnostic sample prior to the initiation of therapy
suggesting that the relapse clone was selected for during
treatment. In only a minority (6%) of ALL cases did the
relapse clone represent the emergence of a genetically
distinct and thus unrelated second leukemia™. These
findings indicate that the diagnosis and relapse clones
originated from a common ancestral clone and acquired
distinct copy number abnormalities (CNAs) before
emerging as the predominant clones at diagnosis or re-
lapse. In this model, relapse emerges from a drug-resist-
ant subclone present at initial diagnosis that is selected
during treatment regardless of the nature of the front-
line therapy delivered"”. This data support the hypoth-
esis that many relapses may be the result of the selection
of a relatively resistant clone already present at initial
diagnosis rather than the generation of a novel clone by
mutation'®"", Resistant leukemia subclones are probably
present at primary diagnosis in those patients destined
for early relapse. Early-relapse mechanisms appear to be
more homogeneous and are suggestive of the selection
of a resistant, more proliferative clone (Table 3" Al
ternatively, the acquisition of resistance-conferring mu-
tations induced by initial treatment might be responsible
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for the relative drug resistance noted at relapsem]. For
subsequent relapses and treatment attempts a significant
decrease in CR rates is expected“()l, which suggests the
emergence of a new mechanism of resistance. Accord-
ing to this model, genomic studies carried out in samples
from children at diagnosis and relapse demonstrated the
acquisition of new genetic alterations at relapse, often
involving cell proliferation and B-cell development path-
—e

By contrast, late relapses may represent de novo de-
velopment of a second leukemia from a common pre-
malignant clone. Data regarding patients relapsing after
being primarily treated within 10 Children Cancer Group
(CCQG) trials showed how the distribution of patients ex-
periencing early, intermediate and late relapses were highly
skewed toward National Cancer Institute (NCI) HR pa-
tients in the former group and NCI SR in the latter group.
Although SR patients receive less intense therapy, these
data suggest that intrinsic differences in the biology of the
leukemic blasts ate correlated with different mechanisms
and the timing of relapsem. Distinct gene expression
profiles were revealed for pediatric relapsed ALL patients
at both early and late time points'™. The analysis of mic-
rosatellite markers showed that some very late relapses of
TEL/AMI 1+ positive leukemia most likely represent a
new event that occurs in a quiescent precursor leukemia
cell harboring an otherwise silent fusion gene that has
escaped eradication during initial therapy[sm. Moreovet,
analysis of deletions at the non-translocated TEL allele
study of relapsed TEL-AMI.7-positive ALL samples
showed that the relapsed clone was related but distinct
from the clone at initial diagnosis. This might explain
the clinical responsiveness of many cases of late or off-
treatment TEL/AMIL1+ ALL relapses[sﬂ. Paired samples
from patients experiencing early relapse are more similar
in expression patterns than paired samples from those re-
lapsing later™. Staal e ai™ using genome-wide expression
array on purified leukemic cells, found that genes involved
in a late or an early relapse identified clearly distinct path-
ways. Analyses of the TCR gene rearrangement status
pattern of NOTCHT mutations and genome-wide copy
number showed a common clonal origin between diag-
nosis and eatly relapses of T-cell ALL but not for the few
cases of T-cell ALL late relapses, suggesting that these re-
currences should be considered as a second T-ALL rather
than a resurgence of the original clone®™. These findings
are suggestive of a model whereby late relapse is due to
the acquisition of diverse secondary events that might
occur in a distinct subpopulation such as a leukemic stem
cell™.

By comparing matched diagnosis and relapse sam-
ples, Bhojwani ez al* found that certain genes involved
in cell proliferation, protein biosynthesis, carbohydrate
metabolism, and DNA replication/repair were among
those highly expressed in relapsed »s newly diagnosed
blasts. By contrast, some of the genes down-regulated
at relapse compared with initial diagnosis included pro-
apoptotic genes, antiproliferative genes and a putative
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48]
tumor suppressor gCI’lC[ ]

Treatment resistance related genes, such as CDK-
N2A/B and MSH6, ETV6, and cell cycle regulation and
B-cell development (PAX5, EBF1, IKZFT) were shown
to emerge at relapse, providing the opportunity to search
for novel target therapies[37’45’48]. The discovery of these
new genetic alterations associated with high rates of re-
lapse (and shorter first remission), such as the rearrange-
ment of CRLF2, IKZF1 deletions/mutations and JAK
family mutations, offers the potential for the identifica-
tion of patients at diagnosis who should be treated more
aggressively and with agents targeting those molecular

lesions!*>*">

PROGNOSTIC FACTORS IN PATIENTS
WITH RELAPSED ALL

During the last 2 decades several study groups such the
Acute Lymphoblastic Leukemia-Relapse Study of the
BFM Group (ALL-REZ BFM) have performed prospec-
tive controlled phase III trials to establish standardized
treatment protocols with the primary goal of improv-
ing the prognosis of children with relapsed ALL and to
evaluate risk factors, thereby allowing for risk-adapted
treatment intensity”’,

Time to relapse (length of first remission), site of
relapse and ALL-immunophenotype are well-established
risk factors that can predict survival and constitute the
most important prognostic determinants that can be

used to stratify patients with a first relapse into different
[2,16,17,20.25-27,32,34,35,57]

treatment groups

Length of first complete remission
Before relapse, the median duration of the first com-
plete remission (CR1) has been reported to be around 2.5
years” >, Most ALL relapses occur during treatment
or within the first 2 years after treatment completion,
although relapses have been reported to occur even 10
years after diagnosis[zm

In a large series of 854 ALL relapses reported by the
Nordic Society for Pediatric Hematology and Oncol-
ogy (NOPHO), the median time from diagnosis to first
relapse was 28 mo (range, 2-227 mo)™. According to
Chessells e al™ 74% of relapses occurred in the first 3
years after diagnosis, 4% after 6 years, and only 1% oc-
curred more than 10 years after diagnosis. Reissmiiller ez
al™ reported a relative incidence of very early (within 18
mo from diagnosis), early (after 18 mo from diagnosis
up to 6 mo after cessation of primary treatment) and late
relapses (more than 6 mo after cessation of front-line
therapy) of 41%, 22% and 37%, respectively. In a ret-
rospective analysis of 1961 relapsed patients registered
within 10 consecutive CCG studies, the duration of the
CR1 for patients who relapsed varied according to NCI
risk group at primary diagnosis, with shorter duration of
remission coinciding largely with higher risk features at
diagnosis“(ﬂ. The duration of the CR1 has been reported
to vary with the site of relapse[34’35’4ﬂ. In the study re-
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Table 4 Relative incidence of site of relapse

Isolated BM Combined BM Isolated EM Isolated testis Other isolated EM Year Ref.

42.90% 19.60% 37.50% 1996-2000 Malempati et al™*, 2007
47% 23% 30% 1995-2002 Roy et al®”, 2005

63% 16% 13% 7% 1981-1999 Reissmiiller et al™, 2009
57% 12% 15% 10% 2% 1972-1998 Chessells et al®™, 2003

BM: Bone marrow; EM: Extramedullary.

Table 5 Risk stratification after relapse

Non-T BCP

Isolated EM Combined BM Isolated BM Isolated EM Combined BM Isolated BM
Risk stratification according to the BEM Group classification*”
Very early" Intermediate High High Intermediate High High
Early' Intermediate Intermediate High Intermediate High High
Late' Standard Intermediate Intermediate Standard High High
Risk stratification according to the United Kingdom ALLR3 Study classification (Ref [30])
Very early' High High High High High High
Early' Intermediate Intermediate High Intermediate High High
Late' Standard Intermediate Intermediate Standard High High
Current approach to risk stratification according to I-BFM SG
Very early' High High High High High High
Early' Standard Standard High Standard High High
Late' Standard Standard Standard Standard High High

'Very early, less than 18 mo from initial diagnosis; Early: More than 18 mo from initial diagnosis but < 6 mo from completion of primary treatment; Late:
More than 6 mo after completion of primary treatment. BCP: B-cell precursor; BM: Bone marrow; EM: Extramedullary; I-BFM SG: International BEM Study

Group.

ported by Malempati ez al™, the mean interval between
day 28 of primary induction and relapse for all patients
was 32.8 mo, CNS relapses tended to occur earlier (mean
23.1 mo), and testicular recurrences tended to occur later
(40.5 mo) than BM relapses (mean 36.2 mo).

Timing of relapse has emerged as the most sig-
nificant predictor of outcome and the most important
factor for a second relapse is the duration of the first
remission. Early relapse has worse prognoses than late
relapse[l6’17’20’22’25’32’35’38’57]. Some late relapses are thought to
arise from a common precursor that retains the chemo-
sensitivity of the original clone, which could explain the
high cure rates achieved with chemotherapy alone in late
relapses[30]. Ko et al™” found CR rates of 83% for carly
first relapse and 93% for late first relapse. Breaking down
early relapse into very eatly relapse (< 18 mo from diag-
nosis) and intermediate (18 to 36 mo from diagnosis),
they found CR rates of 78% and 86%, respectively. EFS
rates reported for early relapses ranged from 5% to 18%
and 19% to 57% for late relapses[16’19’20’22’24’26’28]. Even when
intensive salvage strategies including SCT are employed,
longer-term EFS rates for eatly relapses are only 10% to
20%, compared with 40% to 50% for late relapses. These
outcomes have been remarkably consistent over recent
decades, irrespective of differences in the components of

. [21,24,28]
salvage regimens .

Site of relapse
The majority of relapses (60% to 80%) involve the bone
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marrow (BM) alone or together with extramedullary in-
volvement, and more than 70% of relapses involving the
BM are isolated BM relapses. Isolated CNS or testicular
relapse or, much less frequently, relapse involving other
extramedullary sites may also occur (Table 4)*****,

Bone marrow relapses are associated with a worse
outcome than extramedullary relapses, with overall long-
term survival rates of approximately 25%!'*!"*?%4,
Survival at 3 to 6 years after relapse has been found to
range from approximately 20% for isolated marrow re-
lapse to 50%-80% for isolated extramedullary relapse,
with combined-site (ze., marrow plus extramedullar
relapses having an intermediate outcome! #3441y
extramedullary relapses, a clear distinction also has to be
made for early relapses »s late relapses. Regarding early
relapse, survival rates are higher for patients with isolat-
ed CNS relapse than for patients with either isolated or
combined BM relapse, and this is also true for interme-
diate and late relapsing patients. Survival rates were also
significantly higher for patients with concurrent marrow
relapses compared to those with isolated marrow relaps-
i=n)

Thus, involvement of an extramedullary site in pa-
tients with BM relapse has been identified as a favourable
prognostic feature compared to patients without extra-
medullary involvement. To explain this fact, it has been
hypothesized that combined BM relapses originate from
the involved extramedullary compartment, in which the
leukemic cells could survive the front-line chemotherapy
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because they were protected by the blood-brain/testis
barrier. Thus, relapses in extramedullary sites are often
considered as relapses from malignant cells treated with
suboptimal drug levels; due to their homing on these
sanctuaries. Therefore, they may be more sensitive to
chemotherapy than clones originating directly from the
BMPY, Five-year survival rates for isolated CNS range
between 43.5% for eatly, and 78.2% for late relapses[16’40].
In the case of a testicular relapse, isolated relapse
patients fare better, with an EFS of 58% »s 28% for
combined relapses[zol. In the COG analysis reported by
Nguyen ez al' overall 5-year post-relapse survival rate
after early isolated testicular relapse was lower (13%)
than after intermediate (52%) or late (59.9%) relapses
although this difference was not statistically significant.

Immunophenotype

The immunological lineage of the disease (B-cell precur-
sor vs T-cell ALL) is another well recognized risk factor
in childhood relapsed ALL. Late relapses of T-ALL
are rare and make up approximately 10% of all recur-
rences””. The BFM group demonstrated that children
with T-cell ALL. BM relapses have a much worse prog-
nosis than B-cell precursor ALL (BCP), irrespective
of the time between diagnosis and recurrence!™. In a
report by investigators at St. Jude Children’s Research
Hospital, CR2 rates for this population were 60%, with
a 5-year EFS of only 5% compared to 28.7% for B-cell
lineage[zs]. Other studies confirmed that the prognosis
of patients with a first relapse of T-ALL is dismal, with
only 15% to 25% of patients achieving durable remis-
sions after second-line treatment"**". Thus, apart from
the fact that T-cell recurrences tend to occur early, T-cell
immunophenotype itself is associated with a very poor

outcome after relapse regardless of site and time to re-
lapse[l6,20722,24726,28,32]

Minimal residual disease

Minimal residual disease (MRD), measured ecither by
flow cytometry or real-time polymerase chain reaction
(PCR), may supplement morphologic response’”™*,
Rates of MRD positivity after reinduction for relapsed
ALL are much higher than those observed in first-line
ALL clinical trials™. The prognostic significance of
MRD response at relapse has been assessed in several
studies”™ ", Persistence of MRD after re-induction/
consolidation therapy (ie., after 5 and 12-13 wk from the
beginning of treatment for relapse) influences progno-
sis in children with relapsed ALL. Children with MRD
levels <1 x 10” or 1 X 10™ have been shown to carry a
lower risk of recurrence than patients with higher levels
Of MRD[SU,?)L:')&()LGZ].

Within the COG AALLO1P2 study, five-year EFS
probabilities differed in patients according to MRD re-
sponse using flow cytometry-based assays at the end of
the first block of chemotherapy (negative < 0.01%; posi-
tive = 0.01%)”. The absence of MRD at the end of
the first month of reinduction therapy portended better
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outcomes in all patients, and separately in early and late
relapse patients. The combination of timing of relapse
and MRD appeared to identify three groups of patients.
Early relapse patients who were MRD positive had a dis-
mal outcome, while late relapse patients who were MRD
negative had an excellent outcome, approaching that
seen in newly diagnosed patients. MRD-negative early
relapse patients and MRD-positive late relapse patients
appeared to form an intermediate group. MRD positivity
was also correlated strongly with the duration of initial
remission; those patients experiencing relapse at less
than 18 mo from initial diagnosis had the highest pro-
portion of MRD positivity[zg’zg]. In a prospective blinded
study, Eckert ¢ a/™" have recently reported that EFS and
OS decreased and the cumulative incidence of relapse
increased with increasing MRD level (quantified by PCR
analysis of antigen receptors) after reinduction chemo-
therapy in intermediate-risk relapsed ALL patients treat-
ed by the ALL-REZ BFM P95/96 protocol. Patients of
the lower MRD groups (< 10*and < 10° to = 10" had
an acceptable prognosis (EFS at 10 years 80% and 64%,
respectively) compared to patients of the higher MRD
groups (< 10° to = 10°and = 107 who had EFS at 10
years of 36% and 4.8%, respectively. Multivariate analy-
sis revealed that MRD after the second induction course
was the only parameter independently predicting the
occurrence of subsequent adverse events’. Conflicting
results, however, were observed in the Medical Research
Council (MRC) UKR3 trial, in which reinduction therapy
with mitoxantrone was supetior to that with idarubicin,
yet no differences in the end of reinduction MRD were
observed™”.

In a prospective and blinded study, the ALL-REZ
BIFM Study Group evaluated the impact of pre-trans-
plantation MRD in children treated according to the
ALL-REZ BFM 96 or 2002 protocol who received their
transplantation in CR2 or third CR (CR3). MRD proved
to be the most important determinant for subsequent
relapse and survival after transplantation in univariate
and multivariate analysis. The cut-off of less than 10"
leukemic cells turned out to be a feasible discrimina-
tor between patients at high (= 10" leukemic cells) or
low risk (< 10" leukemic cells) for subsequent relapse.
According to these findings, patients classified as being
intermediate risk with conventional clinical parameters
could be further classified into a very HR subgroup if
MRD proves to persist at a high level until transplanta-
tion”". In another study, classical risk factors such as
immunophenotype, site of relapse, time to relapse, and
others were only significant in patients who receive
chemotherapy in CR2. These factors lost their relevance
in patients undergoing SCT, and MRD remained the
only independent prognostic variable in this setting[42].
Thus, MRD of leukemia both during second CR and
before transplantation, has been reported to be a very
strong prognostic factor for the ultimate outcome’®'!.
However, the Saint Jude group reported that, although
MRD before transplantation was an independent predic-
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tor of survival, patients with high levels of MRD (0.1%
to < 5.0% leukemia cells) still had a reasonably good
chance of survival (43%) after SCT, suggesting that the
negative effect of MRD had been partially offset by re-
cent improvements in the transplantation procedure[(ﬂ.

Given its power as a prognostic factor, quantification
of MRD at diagnosis of ALL relapse and regularly dur-
ing therapy has become an essential tool to characterize
the responsiveness of the disease and to allocate the pa-
tients to a risk adapted treatment. It is currently being in-
corporated for relapsed patients into a risk-classification
algorithm for the management of relapsed ALL within
the COG (Table 2)***".

A similar stratification system was used in the UKALL
R3 relapse trial™”, and is currently applied by the Interna-
tional BEM Study Group (I-BFM SG).

Although study designs are incorporating the use of
MRD in order to quickly assess responses in patients
with relapsed ALL who are treated with novel agents, at
present MRD remains an unvalidated surrogate marker
for this purpose®™. To this regard, even when a clear
superiority from one arm to the other was obtained
regarding the primary outcome (Ze., EFS), results from
the UK ALLRS3 trial failed to demonstrate a difference
in MRD level at eatly assessment between both study

[30]
arms .

Other prognostic factors

There is some debate in the literature on the prognos-
tic factor of the white blood cell (WBC) count and the
presence of blasts in the peripheral blood at the time
of relapse[25’32’33]. There is some evidence that, among
children with relapsed ALL, those who had WBC counts
< 50000/ pL at initial diagnosis are more likely to have
favourable outcomes after relapse'®. Age at primary di-
agnosis might influence outcome after relapse. Older age
at diagnosis (= 10 years), as well as age younger than 1
year, has been associated with significantly inferior post-
relapse outcome' ™ " | In a recent analysis of 1150
patients aged 0-18 years registered in four consecutive
Austrian ALL-BFM trials, prognosis of relapsed leukae-
mia was significantly better for younger patients (patients
aged 1-15 years at primary diagnosis) than for adolescent
(i.e., patients aged between 15 and 18 years at primary
diagnosis) even when neither the time point or the site
of relapse differed significantly between broth groupsm.
These results suggest that age at initial diagnosis is a
prognostic factor in relapsed ALL, just as it is for newly
diagnosed disease™. Certain unfavourable clonal cytoge-
netic abnormalities detected at primary diagnosis have
been found to portend worse post-relapse survival ™,
Philadelphia chromosome-positive (Ph+) and 11q23 ab-
normalities were associated with early relapse and poorer
prognosism]. The prognosis of children relapsing after
first line treatment for Ph+ ALL, particularly for those
relapsing after SCT, is poor™®!. The ET1/6/RUNXT fu-
sion gene has been associated with better outcome after
relapse'™
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It has been debated whether the intensity of front-
line treatment affects the outcome of patients after re-
lapse™. Type of first treatment was reported to influence
the outcome after relapse, with more recent regimens
being associated with improved survival®. The Austrian
BFM Study Group reported higher post-relapse EFS (but
not survival) for 203 children with relapsed ALL who
received treatment on the more recent of their front-
line studies conducted during the 1980s and 1990s",
It might be expected that patients who relapse after re-
ceiving an inferior initial treatment regimen would have
greater success in retrieval, and greater post-relapse sur-
vival than patients who relapse after receiving a superior
initial treatment regimen, given that their leukemia clone
at relapse should be “less resistant” after being exposed
to less effective or intensive prior treatment! . However,
data from 272 relapsed patients after primary therapy
within the COG study CCG-1961 Study, demonstrated
that there was no difference in 3-year post-relapse sut-
vival between two groups of patients having primarily
received augmented »s standard intensity post-induction
intensification. For subjects initially treated with aug-
mented (z = 109) »s standard-intensity (z = 163) post-
induction intensification, the 3-year post-relapse survival
was 36.4% vs 39.2%, respectively (P = 0.72). There was
no difference in the median time-to-death post-relapse
according to initial regimen, (10.5 mo for augmented s
16.2 mo for standard-intensity, P = 0.27), and no dif-
ference in post-relapse survival was seen after adjusting
for timing of relapse, site of relapse, age at diagnosis,
and lineage of the leukemia'”. Similarly, in a report of
post-relapse survival rates in 1961 children previously
enrolled on 10 consecutive CCG clinical trials, accord-
ing to treatment era at initial diagnosis (trials conducted
from 1988-1995 »s 1996-2002), with treatment intensity
increasing over time, the post-relapse outcomes were
nearly identical"”. Thus, differing intensity of initial
treatment, as reflected in either the cross-regimen set-
ting of single studies (CCG-1952 and CCG-1961) or
the trans-era context of sequential CCG/COG studies
involving both standard- and high-risk patients, does not
alter the generally poor outcome associated with relapsed
childhood ALL of any initial risk categorym. Prognosis
seems to be particularly poor for those patients relapsing
after SCT?,

Finally, male sex, African American or Hispanic eth-
nicity, and central nervous system (CNS) disease at diag-
nosis were reported to be significant predictors of inferior
post-relapse survival in children with newly diagnosed
ALL who had been enrolled on COG clinical trials from
1988 to 2002",

Risk-stratification

The BFM cooperative Group developed a relapse score
incorporating duration of first complete remission, site
of relapse, and immunophenotype to classify patients as
standard-, intermediate-, and high-risk, with 6-year post-
relapse survival rate reaching 78%, 41% and 19%, re-
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Table 6 Children oncology group approach to relapsed acute lymphoblastic leukaemia

Relapse Site Time MRD
B-lineage Marrow Early Chemotherapy vs chemotherapy plus novel agents Negative SCT
Positive Bridging study before HSCT
Late Chemotherapy vs chemotherapy plus novel agents Negative Continuation therapy
Positive SCT
IEM Early Chemotherapy vs chemotherapy plus novel agents Any SCT
Late Chemotherapy vs chemotherapy plus novel agents Negative Continuation therapy
Positive SCT
T-lineage Marrow Early Chemotherapy vs chemotherapy plus novel agents Negative SCT
Late Positive Bridging study before HSCT
IEM Early Chemotherapy vs chemotherapy plus novel agents
Late Any SCT

IEM: Isolated extramedullary; SCT: Hematopoietic stem cell transplantation.

spectively for patients receiving more modern treatment.
According to this classification, all children with T-cell
relapse involving the bone marrow at any time, and chil-
dren with very early combined and very eatly or eatly
isolated marrow non-T cell are classified as HR; very
carly or early isolated extramedullary relapse, irrespective
of immunophenotype, as well as catly or late combined
BM and late isolated marrow BCP ALL relapse, are clas-
sified as intermediate risk (IR); while SR category corre-
spond to late isolated extramedullary (both T and non-T
cell immunophenotype) (Table 5)"**. Among 1556
patients up to 18 years of age with first relapse of ALL
enrolled in trial of ALL-REZ BFM between June 1983
and April 2001, the SR group comprised 5% of patients
while 55% and 40% of all patients were allocated to the
IR and HR, respectively[42].

In a retrospective review of 150 relapsed patients
form four large pediatric oncology units in the United
Kingdom, Roy ez al™ found that children with a very eatly
isolated extramedullary relapse had a significantly poor
outcome when compared with the rest of the IR group,
and suggested modifying this risk stratification system.
Accordingly, within the United Kingdom ALLR3 Study
these patients were classified as high risk paticntsm]. How-
ever, only two risk groups are currently considered by
the I-BFM SG. The standard risk group includes patients
with: (1) a late or eatly isolated extramedullary relapse of
BCP or T-cell ALL; (2) a late or eatly combined BM/ex-
tramedullary relapse; and (3) a late isolated BM relapse of
BCP ALL. The high risk group comprises those with a
very eatly isolated extramedullary relapse of BCP or T-cell
ALL,; early isolated ot very eatly isolated or combined
BCP ALL, and any BM relapse of T-ALL (Table 5).

TREATMENT FOR RELAPSED ALL

Risk-adjusted selection of treatment

Salvage treatment after ALL relapse involves inducing
a CR2 with conventional intensive chemotherapy and
apply consolidation, re-intensification and maintenance
therapy, or allogeneic stem-cell transplantation (SCT)
as further intensification of treatment. As occurs with
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primary diagnosed ALL, successful treatment of relapse
largely relies upon the risk-based treatment allocation of
patients in order to maximize response to therapy while
minimizing toxicity and adverse effects. Using the prog-
nostic criteria such as first remission duration; site and
immunophenotype of relapse; genetic alterations; and
initial response to relapse therapy, distinct subgroups of
relapsed ALL can be identified that may either be treated
with chemoradiotherapy only or by additional allogeneic

SCT (Table 6 and Figure 1),

Reinduction

Current treatment approaches for relapsed ALL begin
with reinduction therapy in an attempt to induce a CR2.
Reinduction of patients with relapsed ALL commonly
includes conventional agents largely identical to those
used at initial diagnosis except with increased dose inten-
sity or alternative schedules with reported rates of toxic
deaths around 4%-5%"***"",

Few randomized trials comparing different reinduc-
tion regimens in risk-stratified children with relapsed
ALL have been conducted™ and it remains unclear
whether any reinduction combination in use today is
significantly superior to any other"™™". The Pediatric
Oncology Group compared every 2 wk and weekly pe-
gylated asparaginase with vincristine, doxorubicin, and
prednisone in a population including both early and late
marrow relapse and obtained CR2 rates of 82% and
97%, respectively[éé].

The BFM group randomized dose and duration of
infusional methotrexate in reinduction, demonstrating
similar outcomes between intermediate-dose (1 g/rn2
over 36 h) and high-dose (5 g/ m’ over 24 h) infusions"”.
In a trial conducted by the United Kingdom Children’s
Cancer Group (UKCCG) patients were allocated to re-
ceive either idarubicin or mitoxantrone during induction;
after 3 blocks of therapy, HR and IR patients with MRD
= 10" received allogeneic SCT, whereas SR and IR pa-
tients with MRD < 10™ continued chemotherapy. EFS
and OS were significantly higher in the mitoxantrone
group. The 3-year OS was 69% in the mitoxantrone
group (45% in the idarubicin), which overall represented
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ALL relapse

Risk allocation

Standard risk High risk

‘ Reinduction chemotherapy ‘

MRD evaluation

‘ Post-induction chemotherapy ‘

i i

MRD negative MRD positive

i l

Maintenance
chemotherapy

plus local

irradiation as

indicated

Figure 1 Algorithm for the management of relapsed acute lymphoblastic
leukaemia in children. Risk allocation is based on immunophenotype, time
and site of relapse (see Table 5). SCT: Allogeneic stem cell transplantation;
MRD: Minimal residual disease.

a substantial improvement over preceding trials from the
same investigatorsm.

The conceptional backbone therapy of the ALL-
REZ BFM Group is a series of short (ze., 5 to 7 d),
intensive multiagent chemotherapy courses (block
therapy), including most of the same traditional chemo-
therapy agents with known antileukemic efficacy, with an
interval of 2 wk between the blocks to allow for regen-
eration of bone marrow aplasia, then followed by local
irradiation therapy when indicated, and conventional
maintenance therapy. This block therapy concept proved
to be feasible, effective, and relatively well-tolerated
and has been incorporated into many other treatment
regimens for relapsed ALL and HR primary ALL world-
wide™?. A risk-adapted intensification of treatment
by prolonging the intensive treatment phase in an ALL-
REZ BFM Study could not prevent a high relapse rate
in the high-risk group (eatly isolated or combined bone
marrow relapse)”!. Other treatment strategies with a
more continuous therapy with repetitive application of
comparably less intensive chemotherapy has been devel-
oped and used by the COG, and the UK ALL Relapse
Study Group (MRC UKALLR), achieving comparable

20,35 .
PO Tt remains unclear whether short course

results
intensive, or continuous less intensive chemotherapy
constitute the most adequate and effective approach in
treating childhood relapsed ALL or which subgroups
of pagients may benefit more from one approach or the
other™.

The COG conducted the AALLO1P2 phase II pi-
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lot study with the primary objective of developing a
safe and active reinduction regimen that could serve
as a platform for evaluating the addition of promising
new agents in future trials®. An objective of this study
was to improve the depth of CR2 using three intensive
non-overlapping blocks of chemotherapy derived from
combinations that were previously shown to be effec-
tive in the management of recurrent ALL. With this
regimen there was a 40% incidence of febrile neutrope-
nia and a 19% incidence of documented infections™.
Five toxic deaths occurred among 124 patients (4%)
yielding a similar toxic death rate seen with other regi-
eng 0242628333660

The authors concluded that extending the duration
of re-induction to three blocks appears to be beneficial
for the group of patients with initial favourable morpho-
logic responses and were MRD-negative at the end of
the first month of treatment”.

Reinduction remission rates for patients with a first
relapse range from 71% to 95%, depending on the tim-
ing and site of relapse. CR2 rates for late bone marrow
relapse typically approach 95%, whereas those for early
relapse range from 70% to 85% and are frequently <
50% for very early relapses“6’19’22’24’26’28’30’32’34’35’42’66]. T-cell
immunophenotype has been related with a lower remis-
sion rate”). Patients failing to achieve a CR2 after rein-
duction chemotherapy have a dismal prognosis[zs’zg‘m.
Data from the BFM study group showed that only one
third of children treated with curative intention after
conventional reinduction failure obtained a CR2 (81%
of them only after SCT) with a median survival of 255
d after the diagnosis of reinduction failure™”. Given that
further therapies with curative intent are associated with
high treatment-related morbidity, mortality, and minimal
survival, children with relapsed ALL and having no re-
sponse to protocol-therapy should be eligible for innova-
tive, ethically approved phase 1 or 2 trials"™"",

For patients with HR relapsed ALL, the COG is
currently exploring the role of adding novel agents to
remission reinduction therapy (Table 6)®. The Interna-
tional Cooperative Group on Relapsed ALL conducts
2 randomized trials comparing the classic BFM rein-
duction therapy with that reported by the UKCCG in
standard and intermediate risk patients, and with a novel
regimen combining clofarabine, etoposide, and cyclo-
phosphamide in high risk children, respectively ™"

Post-remission therapy: SCT vs continuation of chemotherapy
For patients with relapsed ALL who attain a second re-
mission, no consensus on optimal therapy exists. All pa-
tients who reach a CR2 receive additional chemotherapy,
even if SCT is planned. In general, a higher dose inten-
sity is used than in first-line treatment but published data
do not show one chemotherapy combination to be bet-
ter than others"’.

For patients not allocated to SCT, a consolidation
phase after induction chemotherapy followed by a pro-
longed continuation treatment is generally recommend-
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ed? ¥, According to the ALL-REZ BFM protocols,
patients not allocated to SCT receive treatment consist-
ing of alternating courses of polychemotherapy. At the
end of intensive systemic chemotherapy, local radio-
therapy is applied as indicated followed by conventional
maintenance therapy up to 2 years'*”,

Allogeneic SCT is a curative option for several hema-
tologic malignancies and the current availability of several
different stem cell sources has expanded this option for
many children. High-dose myeloablative chemotherapy
followed by SCT is an alternative to chemotherapy alone
for relapsed ALL. Several published retrospective stud-
ies suggest some benefit for SCT, particularly for patients
with early BM relapse!”****”", With improved supportive
care and better donor selection, the outcome after unre-
lated donor and matched sibling SCT for relapsed ALL
has become more equal®. Therefore, the comparability
of several different stem cell sources has expanded this
option for many children and SCT has been widely used
for patients with relapsed ALL. In the ALL-REZ BFM 87
study, SCT was associated with a superior EFS compared
to chemotherapy/radiotherapy as postremission therapy
alone, and the performance of SCT (included as time-
dependent covariate) was an independent predictor of
EFS. Results of autologous transplantation and chemo-
therapy were the same. In the Austrian BEM Study
Group report, patients who received SCT in second CR
did significantly better than patients given chemotherapy
only (10-year EFS 55% w5 33%) and this was even more
obvious following an isolated BM relapse (10-year EFS
58% for SCT in second CR »5 22% for chemotherapy
only)™. In a report by Eapen ez al”", children with an eatly
BM first relapse of BCP ALL had lower rates of second
relapse and higher rates of leukemia-free survival and
OS if they received an HLLA-matched sibling transplant
with a TBI-containing regimen compared with a non-
transplant approach. In contrast, for those with a late first
relapse and second relapse, leukemia-free and OS rates
were similar after chemotherapy alone and transplanta-
tion®". Tn a retrospective report from the NOPHO Study
group, SCT led to increased long-term survival compared
with chemotherapy irrespective of the length of first re-
mission™, Matched-pair comparisons across BFM group
ALL-REZ trials showed that unrelated donor transplanta-
tion achieved significantly better leukemia-free survival
than chemotherapy in HR relapse but not in IR relapse.
The EFS at 5 years was 17% for the chemotherapy group
(0% for HR) and 42% for the SCT group (44% for HR)
while rates of treatment related death were 4% and 30%,
respectively[42].

Other studies suggest that the type of therapy after
relapse does not affect outcome” and for a subgroup
of patients with relapsed ALL, mainly represented by
late BM and extramedullary relapses, combined chemo-
therapy and radiotherapy may yield durable second
remissions”, From the BFM group, Borgmann ez a/*
reported 39% EFS after transplantation for IR patients
compared to 49% for non-transplanted patients. In line
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with such a statement are the data in a United Kingdom
study including 256 patients, who were analyzed on the
basis of HLA matched donor availability; no statistical
benefit in outcome was seen®”. Malempati ez al™ found
no significant difference in EFS or OS between treat-
ment with SCT or chemotherapy for any site of relapse
or duration of the CR1, with a 2-year estimated EFS of
49.5% with SCT compared to 49.1% with chemotherapy
for the entire group. For early BM relapse they also
found no difference in treatment modality; the 2-year
estimated EFS was 43.1% with SCT and 38.0% with
chemotherapy; there was also no significant difference
in EFS for late BM relapse according to treatment type:
2-year estimated EFS was 56.1% with SCT and 61.5%
with chemotherapy. Similarly, 3-year estimated EEFS after
isolated CNS relapse was equivalent with either SCT or
chemotherapy at 45% and 56.1%"".

The analysis of the BFM ALL REZ BFM 90 Study
showed that SCT did not improve EFS for IR patients
(represented by late isolated or combined BM and iso-
lated extramedullary regardless of time point of relapse)
or for those who received allogeneic HLA-compatible
grafts; however, EFS was significantly higher after SCT
in HR patients (early BM, very eatly isolated or com-
bined BM and any relapse of T-lineage) than after the
administration of chemo-radiotherapy alone. This group
of patients when treated with conventional chemo-
radiotherapy had a low chance of cure®. In the study by
van de Berg ez al™™ the benefits of the conditioning and
the possible graft-ss-leukemia effect on patients under-
going SCT did not outweigh the benefit of prolonged,
rotational chemotherapy for late relapses (including
BM relapses); patients treated with chemotherapy only
achieved a 65% survival rate""

The impact of type of donor (matched related »5 un-
related or mismatched related) on outcome has not been
demonstrated. Some studies claimed a clear advantage
for matched related donor SCT or for matched unrelated
donor SCT™. Long-term EFS rates from of above 40%
have been reported with HLLA-matched sibling donor
SCT in CR2 after early relapse[57]. By contrast, others
found no significant difference in outcome according to
type of donor®. Results with umbilical cord transplan-
tation are comparable to that obtained with unrelated
donor SCT™. Unrelated donor registries and cord blood
banks have incteased the donor availability for the ma-
jority of patients lacking an HLLA matched familial do-
nor but the process of searching for an unrelated donor
usually takes several months during which patients in
CR2 are at risk of new relapse or even death from treat-
ment related complications™. In this regard, reported
time to transplant after relapse is commonly around 3
mo!19262834

Haploidentical hematopoietic SCT (haplo-SCT) from
a mismatched family member donor offers an alternative
option for patients who lack a human leucocyte antigen
(HLA)-matched donor'"". The main obstacles are graft
rejection, delayed immune reconstitution, graft-zs-host
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disease (GvHD) and vulnerability to infections' . T-cell
depletion can prevent overwhelming GvHD allowing
the graft to contain large numbers of stem cells. This
approach can reduce the risk of graft failure retaining
CD34-negative stem cells and most other immune cells,
thus allowing expedite immune reconstitution during
the eatly post-transplant period. However, the absence
of the T cell-mediated graft-ss-leukemia effect would
render the recipients of a T cell-depleted allograft more
susceptible to leukemia relapse. In this scenatio, donos-
vs-recipient NK alloreactivity has emerged as a crucial
factor for the outcome of haplo-SCT. Ruggeri ez al™ re-
ported a low relapse risk for patients with acute myeloid
leukaemia transplanted from NK-alloreactive donors.
This NK-mediated graft-ss-leukemia effect has also been
documented in children with ALL". Data from the Pe-
diatric Diseases and the Acute Leukemia Working Parties
of the European Blood and Marrow Transplant showed
34% and 22% EFS for children undergoing haplo-SCT
in CR2 and CR3, respectivelym. Therefore, a T cell-
depleted haplo-SCT should be included in the treatment
algorithm as a valuable option for patients with ALL in
need of transplantation and lacking a matched donor,
especially if an NK alloreactive relative exists. An unma-
nipulated HLLA-haploidentical SCT has been proposed
for those few patients who are unable to locate an HLA-
compatible donort, a suitable umbilical cord blood unit,
or an NK-alloreactive relative!'”. As stated by Locatelli
et al™ for those patients considered candidates for
allo-SCT, the preferred source of stem cells should be
a matched sibling donor; for those lacking an HLA-
compatible family donor, an unrelated donor, umbilical
cord blood or haploidentical family donor are suitable
options.

Intensive chemo-radiotherapy has been administered
before transplantation to reduce the burden of disease
and induce immunosuppression in the host. Total body
irradiation (TBI)-containing regimens before SCT from
a matched sibling donor proved to be superior to che-
motherapy alone and a non-TBI regimen in children
with early relapse and BCP ALL who achieve a CR2.
Transplantation with a TBI-containing regimen resulted
in significantly lower risks of relapse, treatment failure,
and overall mortality compared to non-TBI regimens
and this was independent of the duration of the first
remission””. Such conditioning regimens reduce graft
rejection but they can cause considerable mortality due
to severe toxicity, delayed immune restoration and severe
infection, especially in heavily pre-treated patients. More-
over, DFS estimates are not appreciably improved by ag-
gressive chemo-radiotherapy, as recurrent or refractory
malignancies have usually become resistant to chemo-
therapy. These observations have encouraged the reas-
sessment of conditioning strategies for transplantation.
Newer strategies aim to minimise toxicity while allowing
rapid engraftment and expediting immune reconstitution
during the early post-transplant period, thereby protect-
ing the host from infection and perhaps generating a
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graft-ss-tumour effect against disease relapsem’m. In con-
trast to traditional myeloablative conditioning regimens
that use high doses of radiation or chemotherapy or
both to suppress host immune responses and eradicate
diseases, this approach relies almost exclusively on graft-
vs-host effects for eradication of the underlying diseases.
Reduced intensity or non-myeloablative conditioning
regimens for haplo-SCT reduced mortality and have an
acceptable rate of engraftment. However, delayed im-
mune reconstitution, severe GvHD and infection con-
tinue to be impedimentsm’75]. Elimination of TBI may
reduce damage to organs that generate immune cells,
while avoidance of anti-thymocyte globulin may prevent
complications that include delayed immune reconstitu-
tion and Epstein-Barr virus associated lymphoprolifera-
tive disease!”. Using a reduced intensity conditioning
regimen (fludarabine, thiotepa, melfalan and OKT3)
without TBI and without anti-thymocyte globulin in chil-
dren with refractory haematological malignancy, a more
rapid and robust immune reconstitution when compared
to patients transplanted with a myeloablative condition-
ing regimen was reported. Studies with melphalan-based
reduced-intensity conditioning regimens and T/B cell-
depleted grafts show high engraftment rates. The risk
of acute and chronic GvHD was significantly reduced
by graft manipulation procedures (T/B cell depletion)
and is comparable to that after matched unrelated donor

UL Furthermore, the overall incidence

transplantations
of cytomegalovirus, Epstein-Barr virus and adenovirus
viremia in the reduced intensity conditioning regimen
group was less than that in the myeloablative condition-
ing regimen groupm]. Transplant related mortality could
be effectively reduced by improved T cell recovery and
close monitoring of viral loads followed by preemptive
therapy” .

Many factors complicate the analysis of published
results comparing outcomes after SCT »s chemotherapy
only, including intrinsic selection biases, different lengths
of the interval between diagnosis of relapse and trans-
plantation as well as disparate conditioning regimens,
supportive strategies and stem cell sources”. Very
often, reported trials assigned HR with matched family
donors to allogeneic transplantation and those without
donors to chemotherapy or autologous transplanta-
tion™*".

Another impediment in comparing reports is the
more favourable outcomes of non-sibling donors SCT
over the years. A matched-pair analysis of unrelated
donor SCT »s chemotherapy revealed that only high-risk
patients benefited from unrelated donor transplanta-
tions'*”. Tn a prospective randomized trial, Gaynon ez a/”"
found poor protocol adherence with small numbers of
patients recruited to the chemotherapy arm. The authors
speculated how this might be related to the known poor
outcome of relapsed ALL and “a desite to do everything
possible for children for whom aggressive chemotherapy
had already failed once” *"*

Thus, much debate has centered on optimal pos-
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tremission therapy including stem cell transplanta-
tion 182342

variability of outcomes and conclusions among studies
comparing SCT with chemotherapy for the treatment of
ALL in second remission””. However, excluding patients

1. A recent meta-analysis demonstrated the

with late relapsemg], in no comparison is outcome after
transplantation worse than after chemotherapy alone!"’
To this regard, after the induction of the CR2, options
for ongoing continuation therapy are frequently risk
based in order to allocate patients to treatment regimens
with adequate intensity and justifiable toxicity™*,
There are some patients with an acceptable EFS rate
with chemotherapy alone, while other patients need to
undergo allogeneic SCT after the 2CR or are even eli-
gible for phase I /1l trials with the chance of benefiting
from new agents. Both the COG and the BFM as well
as the I-BFM groups developed formal criteria for risk
stratification for relapsed ALL with the main intention
of identifying children for whom SCT might be better
than continuation chemotherapy once a second remis-
sion is attained (Tables 5 and 6)**,

Children with a very early (< 18 mo after diagno-
sis) or early (between 18 mo after diagnosis and 6 mo
after cessation of frontline chemotherapy) isolated BM
relapse, a very early BM/extramedullary combined re-
lapse and all T-cell ALL with BM involvement at relapse
diagnosis should be categorized as HR patients and
should be allocated to SCT given that nearly all will suf-
fer a subsequent relapse when being treated solely with
conventional intensive post-induction chemotherapy.
Allogeneic SCT with a matched donor is currently the
preferred therapeutic option for these children after the
CRO262933384269

The outcomes for very early extramedullary recur-
rences without SCT have been inferior to those of early
or late extramedullary relapse, with an EFS of < 50%,
and SCT in CR2 has also been considered for these pa-
tients a well 77,

It remains unclear as to what will be the most ef-
fective approach for HR patients who continue to have
high levels of disease before or after transplantation, as
this is associated with a high incidence of relapse post-
allogenic SCT™. In this scenatio, further cytoreductive
chemotherapy (clofarabine), immunomodulation, the
application of new agents, and/or innovative transplant
procedures might be considered.

Children with early or late (> 18 mo from initial di-
agnosis) isolated extramedullary relapse represent the SR
group and, for these patients, outcomes have been very
good with chemotherapy and site-directed radiation and
there is no indication for SCT. However, intensive sys-
temic therapy is essential for preventing later BM recur-
renCCS[ZO,Z(),Z(),}l].

The largest group of patients (more than 50%) be-
longs to the IR group, in which treatment choices are
the most difficult”**". This group includes patients with
BCP ALL with either late (> 6 mo after cessation of
frontline chemotherapy) isolated BM relapse, or with a
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late or eatly combined BM/extramedullary relapse as
well as eatly (including T-cell) isolated extramedullary
relapses (Table 5P The optimal post-remission therapy
for children with late B-cell precursor BM relapse (either
isolated or combined) is controversial®. Intensive sys-
temic therapy is essential for preventing later BM recur-
rences. However, the benefit of SCT for these patients
has not been firmly established. SCT is associated with
a 10% to 20% risk of peri-transplantation mortality, de-
pending on donor type, and still has a substantial relapse
rate”>”". While some studies report comparable results
with both SCT and chernotherapyp()’571 others argue
that the outcome of patients undergoing a transplant is
poorer, and that SCT in late relapses is not beneficial™,
Within the NOPHO study, patients with late BM relapse
but with initial HR features and combined BM relapses
did not do well on conventional chemotherapy. The
authors recommended considering allo-SCT for these
subgroups of patientsm]. Data from the DCOG Relapse
ALL 98 protocol showed that patients with a late BM
relapse undergoing a transplant had poorer outcomes
than those undergoing CT only. Although the majority
of these patients died from a relapse of leukaemia, the
benefits of the conditioning and the possible graft-»s-
leukemia effect after SCT did not outweigh the benefit
of the prolonged chemotherapym]. The COG is current-
ly investigating if outcome for patients with late (= 36
mo) B-cell precursor marrow relapse, can be improved
by using the same AALLO1P2 triple re-induction regi-
men followed by 2 yeats of intensive chemotherapy*[28’78].

In the IR patients (with EFS rates greater than 40%0)
additional risk factors, such as the dynamics of treat-
ment response assessed by MRD, would help to identify
those patients at a high risk of subsequent relapse who
are thus eligible for SCT?. MRD response is being
integrated into risk classification schemes"*, A cut-off
point MRD after reinduction of 107 (quantified by PCR)
was recently proposed by Eckert ¢z al’! to discriminate
between patients with a good or a poor prognosis. Pa-
tients belonging to the group with MRD between 107
and 10™ can be categorised as molecular good respond-
ers and allogeneic SCT would not be appropriate for
these patients. In the subsequent trial ALL-REZ BFM
2002, this level of MRD after induction was applied to
decide whether chemotherapy or SCT should be used as
consolidation post-induction therapym. The same cut-
off MRD of 0.01% (1073) (measured by flow cytometry)
was applied by the COG for prognostic assessment
after the first, second and third treatment block of the
AALLOTP2 study in IR and HR relapses™. Within the
UK ALLR3 study, patients with MRD = 0.001% (10
(quantified by PCR) at the end of induction were eligible
for SCT™. A different preceding treatment and quantifi-
cation method within each protocol might explain these
differences in MRD cut-off levels as being predictive of
outcome.

A major task of ongoing and future trials is to predict
subsequent relapses more precisely, thus clarifying which

August 6, 2014 | Volume 3 | Issue 3 |



Fuster JL. Childhood, relapse, acute lymphoblastic leukaemia

patients benefit from post-remission intensification by
allogeneic SCT. In this context, not only the acute mos-
tality and toxicity, but also the long-term sequelae of al-

logeneic SCT have to be taken into account”",

Local therapy for extramedullary ALL

Therapeutic irradiation of manifest extramedullary
leukemia in addition to systemic chemotherapy for pa-
tients experiencing CNS recurrence can be regarded as
standard of care, since the disease is protected from
chemotherapy by biological blood barriers in extramed-
ullary sanctuary sites such as the CNS and the testes'"".
In accordance with other investigators, for patients with
CNS involvement at relapse, we would encourage the
use of an Ommaya reservoir during intensification. In-
traventricular therapy has several theoretical advantages:
a more uniform distribution of chemotherapy through-
out the cerebrospinal fluid (CSF), higher ventricular
levels than those achieved by lumbar administration, and
prolonged concentration over time exposure to cell cycle
active chemotherapym.

For patients with late isolated CNS relapse (not al-
located to SCT), cranio-spinal irradiation is generally
postponed until the end of intensive chemotherapy or
even after the end of maintenance treatment, in order
to avoid intolerability for chemotherapy[zg]. The admin-
istration of 24 Gy and 15 Gy to cranium and spine,
respectively are commonly recommended”, although
the adequate dose (18 »s 24 Gy) and mode of CNS irra-
diation (cranial »s craniospinal) remains controversial ™,
A 4-year EFS of 78% can be achieved after reduction of
the radiation dose to 18 Gy in patients with B-cell pre-
cursor ALL whose initial remission lasted > 18 mo while
in patients relapsing before 18 mo the EFS was 5201,
Further dose reduction (15 Gy) is recommended for
patients with prior irradiation"”. The addition of cra-
nial irradiation, even in patients without obvious CNS-
involvement (prophylactic cranial irradiation), was re-
ported to significantly improve the outcome of patients
with isolated BM-relapse by the ALL REZ BFM Study
Group and was introduced from 1989 onwards™. If the
CNS was involved at the time of relapse, patients re-
ceived more intense intrathecal triple chemotherapy with
methotrexate, cytarabine and prednisonem. In addition,
cranial or cranio-spinal radiation was delivered in an age-
dependent manner to all patientsm’m’%]. This strategy was
adopted by other study groups””. However, whether
protective CNS irradiation is necessary in patients with
isolated BM relapse, remains controversial and, given the
well documented radiation associated late effects, it is
omitted by several groups in favour of intensified intra-
thecal chemotherapyps’m.

Most study groups recommend local irradiation of
both testes at 24 Gy regardless whether only one or both
testes are involved at relapse. Within the BFM stud-
ies, orchidectomy has been the treatment of choice for
the involved testicle in the case of testicular relapse. In
unilateral testicular disease the clinically affected testis
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is removed and the remaining testis irradiated (15-18
Gy according to the results of biopsy)[zz]. In the case of
clinical unilateral or bilateral testicular involvement and
no resection 24 Gy local irradiation is generally recom-
mended 2%, Radiotherapy (24 Gy) for bilateral
testicular recurrence is expected to induce infertility and
significantly impair hormone productionm]. Within the
DCOG Relapse ALL 98 Protocol, patients with late
testicular relapses were treated without irradiation and
without surgerym].

A variety of other extramedullary sites may be in-
volved in ALL relapse. Little data are available regard-
ing the prognostic impact of these manifestations and
on the necessity of local therapy. Since a blood barrier
is not present in these sites, systemic chemotherapy is
supposed to be effective. Thus, for an extramedullary
relapse other than CNS and testis, no local therapy is
generally considered apart from cases where local per-
sistence of the disease occurs after induction/consolida-
tion chemotherapy. In this situation, it is recommended
to take a biopsy and to apply local irradiation therapy if
vital leukemic cells are still present.

Treatment for second and subsequent relapses
Most treatment failures after the CR2 are related to
subsequent relapsesm. For 74 patients experiencing a
second relapse and enrolled into ALL-REZ BFM trials
before 2006, the median duration of the second CR was
7.5 mo (range, 18 d to 4.4 years)?’. In this situation, a
significant decrease in CR rates is expectedm. A variety
of multidrug regimens provide a 40% CR rate in the sec-
ond and subsequent relapsesm]. Ko et al” reported CR
rates of 44%, 27%, and 12% for third, fourth, and fur-
ther therapeutic attempts, respectively. The subsequent
CR rate was lower when CR was not achieved or was
of short duration after the prior treatment attempt' .
In contrast, the NOPHO study group reported a third
complete remission (CR3) as high as 72% in 274 patients
after the second relapse. In this study, those who never
achieved 3CR had a shorter first remission, more BM
relapses and shorter time intervals between the relapses,
indicating a more aggressive disease. However, long-term
survival was only 12%"), Few other data appear for DFS
rates in the CR3 and beyond" """, According to Ko
et al™ DFS among patients who achieve CR decreased
with an increasing number of prior treatment attempts.
Two and 5-year DFS for patients achieving CR after
third therapeutic attempts was 31% and 15%, respective-
ly. DES increased with increasing duration of the prior
remission”. In a report from the Austrian BFM Study
Group, the median duration of CR after second relapse
was 13 mo, with 10-year EFS rates of only 9% and 6%
after the second and third relapses, respectively[zz].
Concerning prognostic factors, the length of the
CR2 and relapse site are relevant”™. Reismiiller ¢z a/””
found that the duration of the second CR seemed to
have an influence on EFS: 6% »s 21% for patients with
a CR2 duration of less or more than 1.5 years, respec-
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tively. In this report, the only other prognostic factors
that proved to be statistically significant were site of first
and second relapse with isolated extramedullary relapses
faring better than isolated and combined BM relapses,
and duration of the first CR”". Other reported factors
associated with survival are NCI risk criteria at initial di-
agnosis, immunophenotype, presenting leucocyte count
and length of first remission! 7. Additional extramed-
ullary sites of disease were not significantly associated
with DFS"™, The prognosis for children with BM relapse
after SCT, and children with a second relapse of T-cell
ALL is dismal. In the latter group, this is mainly due to
the lack of ability to achieve a CR3"". Patients who re-
lapse after allogeneic SCT often have refractory disease
and are particularly susceptible to chemotherapy-related
toxicitym].

Survival after second relapse was reported to vary ac-
cording to treatment. The role of SCT for patients with
a second or third relapse has been debated. Overall sur-
vival ranging from 20% to 36% was reported for those
undergoing SCT compared with 10% to 15% for those
with chemotherapy onlym’m. Ko and coworkers!” found
increased survival for patients undergoing SCT, regard-
less of time to relapse or the number of prior relapses.

Given that only a very small group of patients with
second ALL relapse has a realistic chance of cure, these
patients are ideal candidates for phase I /1 trials ex-
ploring new innovative drugs, with the consideration of

SCT in those achieving a durable remission**"*,

OUTCOME OF RELAPSED ALL

Outcomes for children with relapsed ALL have changed
little over time despite efforts by many investigators to
intensify therapy with approaches that often include
SCT. Although clinical remission can be achieved in
most (85%) relapses, the chance to experience a second

relapse is still high and long-term survival rates do not
exceed 40% to 50%P"?#*27 ] Regults from the
CCG 1941 marrow relapse study showed that 50% of
patients failed to enter remission, died from toxicity,
or relapsed again after achieving a brief second remis-
sion”. The overall outcomes ate dismal for patients who
do not achieve a CR2 after an initial attemptm’zs]. In a
recent large retrospective review within the Therapeutic
Advances in Childhood Leukemia Consortium (TACL),
Ko ¢t al'"” found 27% 5-year DFS for patients in CR2.
These results are similar to those generally reported by
other study groups with DFS rates ranging from 16% to
39% depending on the study, time to end point, and the
patient populationﬂ6’20722’24’25’32’34].

Second malignancies such as primary brain tumors
and acute myeloid leukemia are another matter of con-
cern in relapsed ALL patients with an estimated actuarial
incidence at 15 years from diagnosis of around 11957,

NEW PERSPECTIVES

Unfortunately, retrieval therapy is inadequate in most
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cases of relapsed ALL and most of these children suc-
cumb to their disease. Further intensification of chemo-
therapy is unlikely to cure additional patients. The failure
of intensive chemotherapy to cure most children, as
well as its related toxicity, makes it essential to search for
new treatment approaches. Approximately one third of
relapsed patients can be assigned to a “poor prognosis
group” (early BM-relapse or any BM relapse of T-cell
ALL), for whom no promising therapy regimen exist’.
Moreover, the extremely poor survival after relapse
underscores the need to focus on improving the out-
come of the primary therapy for those patients who are
unlikely to be salvaged if they relapse. Promising new
therapies should be integrated into trials for subsets of
higher risk patients at initial diagnosisﬂ(’]. Using analyses
of DNA copy number abnormalities, gene expression,
DNA methylation and sequencing in matched diagno-
sis/relapsed ALL BM samples, investigations are under
way regarding the evolution of genetic lesions from di-
agnosis to relapse that lead to drug resistance and disease
progression with the aim of identifying new potential
biomarkers and therapeutic targets™********™ Further
development and the use of targeted therapies or im-
mune modulators may dectrease residual disease and may
improve the outcome in children with relapsed ALL
treated with either intensive chemotherapy or SCT",
Offering uniform clinical trials for patients with relapsed
ALL while gathering biological data in order to identify
new agents not generally used in the treatment of ALL
at primary treatment, are the focus of several current
collaborative study groupsm].

Because responses to single-agent therapy have been
poor, integrating new agents in combination with estab-
lished chemotherapy platforms in a randomized man-
ner has been adopted as a therapeutic approach by de
COG with the aim of exploring improvements in CR2
and MRD rates as a measure to define new agent activ-
ity and, potentially, to more efficiently select candidate
agents for future study™"™. Novel approaches include
new formulations of existing chemotherapeutic agents,
new antimetabolites and nucleoside analogs, monoclonal
antibodies directed against leukemia-associated antigens,
adoptive therapy approaches such as chimeric antigen re-
ceptor (CAR)-modified T cells, and molecularly targeted
drugs such as the proteasome inhibitor bortezomib and
JAK kinase, aurora kinase, and mammalian target of ra-
pamycin (mTOR) inhibitors!"***"*,

Intrathecal lyposomal cytarabine may have a role in
relapsed ALL with CNS involvement and resistance to
conventional therapy“g].

Clofarabine is a second-generation purine analog ca-
pable of inhibiting DNA synthesis/repair and inducing
cell death®™. Clofarabine has been granted accelerated
approval both in Europe and in the United States for
the treatment of pediatric patients with relapsed or re-
fractory ALL who received at least 2 prior regimens of
chemotherapy“s]. O’Connor et al™ reported an overall
response rate of 67% in 23 pediatric patients diagnosed
with relapsed ALL. Clofarabine was safe and effective
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when used in combination with cyclophosphamide and
etoposide although a high risk of severe infection was
noted, including fungal and viral infection. The response
rate to treatment with a clofarabine-based regimen was
inversely proportional to the number of prior treatment
attempts. Durable remissions were achieved, allowing
patients the option of hematopoietic stem cell transplan-
tation with the potential of long term cure. Treatment
was effective in 3 out of 5 infants with relapsed ML
rearranged ALL™. Thus, the use of clofarabine-based
regimens should be considered in children with either
resistant or second or subsequent BM relapsem]. Nelara-
bine is an inhibitor of purine nucleoside phosphorylase.
The FDA approved nelarabine in October 2005 for
third-line treatment of patients with T-cell ALL/lym-
phoma”, In the COG AALLOOP2 trial, patients with
T-ALL with a poor early treatment response that pre-
dicted poor outcomes in previous trials attained a 5-year
EFS rate of 69% with intensive chemotherapy plus ne-
larabine without increased toxicities. Non HR patients (<
1000/uL petipheral blood blasts on prednisone prephase
day 8 and MRD < 1% at induction therapy day 36) who
received nelarabine had a 5-year EFS rate of 74%,
Monoclonal antibodies directed to cell surface anti-
gens expressed by leukemic blasts (epratuzumab, blina-
tumomab, inotuzumab ozogamicin, and moxetumomab
pasudotox, among others), are ideal candidates. Com-
binations of monoclonal antibody and cytotoxic thera-
pies may hold particular promise in relapsed ALL™",
Epratuzumab is a humanized monoclonal antibody
that binds to the third extracellular domain of CD22.
CD22, a B-cell surface antigen, is highly expressed in
more than 90% of cases of childhood B-precursor ALL.
After binding, the receptor/antigen complex is rapidly
internalized and appears to modulate B-cell activation
and signaling, Given the high CD22 expression levels in
B-precursor ALL, its mechanism of action distinct from
cytotoxic agents, and a toxicity profile that could allow
for combining it with dose-intensive chemotherapy,
epratuzumab became an attractive agent to explore in
relapsed ALL. Epratuzumab was the first agent tested by
the COG in combination with an established reinduction
platform in children and young adults with first, early
BM relapses of CD22" ALL in an effort to improve
CR2 rates™. Patients received four intravenous doses of
epratuzumab, 360 mg/m” per dose, twice weekly during
the 14-d reduction phase, followed by four weekly doses,
360 mg/m’ per dose, administered with block 1 of the
AALLO1P2 chemotherapy regimen*. Epratuzumab
administration was tolerated with acceptable toxicity,
both as a single agent and when combined with chemo-
therapy. MRD responses in those who achieved remis-
sion were significantly more favourable in those who
received epratuzumab (42% MRD-negative compared
with 25% among historical controls) suggesting that the
antibody may enhance response to cytotoxic chemo-
therapy’[29’78’84]. However, the rates of CR2 did not differ
compared with a historical control population treated
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with chemotherapy alone™. Based on these results, the
COG will not pursue epratuzumab further™*.

T-cell engaging antibodies are bispecific antibodies
designed to transiently engage primed cytotoxic effector
memory T lymphocytes for the lysis of target cells. The
T-cell engaging CD19/CD?3-bispecific antibody blinatu-
momab can redirect T lymphocytes against CD19+ ALL
blasts, which represents a new approach to the treatment
of BCP ALL. Handgretinger ez al™ reported the first
clinical experience in three pediatric patients with BCP
ALL showing that blinatumomab, administered as a con-
tinuous 24 h intravenous infusion at 15 mg/ m’ per day
for several weeks, was well tolerated and able to rapidly
induce MRD-negative complete responses in refractory
BCP ALL after multiple relapses and allogeneic HSCT.
Blinatumumab is an attractive drug to be explored in the
near future for children with second or greater relapsed
or refractory ALL™,

Bortezomib is a proteasome inhibitor, which renders
leukemic cells more sensitive to the apoptotic effects of
chemotherapy. A phase 1 study conducted by the TACL
(TACL study, T2005-003) demonstrated that a standard
dose of bortezomib (1.3 rng/m2 given on days 1, 4, 8,
and 11) can be safely combined with an intensive 4-drug
reinduction regimen in children with relapsed ALL and
showed promising activity in relapsed childhood ALLP,
Within the phase 2 expansion of this combination (TACL
study T2005-003) patients were eligible only after they
failed 2 or 3 previous treatment regimens. The CR rate
was 64% with an additional 9% of CR without platelet
recovery for an overall response rate of 73% which was
significantly better than in previous trials. BCP ALL pa-
tients had an 80% overall response rate while no T-cell
ALL patients showed a response. The study reached
its predefined early stopping rule for efficacy when 14
complete responses were observed among the first 22
patients enrolled. OS at 24 mo was estimated to be 41%.
Lethal bacterial sepsis was the principal toxicity[sﬂ. A
study combining bortezomib with a 4-drug reinduction
platform (the AALLO1P2 triple reinduction regimen) is
also in progress within the COG for patients with early
BM relapse occurring within 36 mo of diagnosism’m.
This approach will also be explored by the I-BFM SG.

In relapse Ph+ ALL, second complete remissions
can be obtained with the combination of imatinib and
intensive chemotherapy™®. For patients relapsing af-
ter treatment with imatinib, the use of scalating doses
of imatinib or alternative tyrosine kinase inhibitors
may overcome imatinib resistance and help to induce a
new remission and a second SCT should be considered
in this situation™ . High FLT3 expression identifies
MLI-AF4+ ALL patients at very high risk of treat-
ment failure and poor survival, emphasizing the value
of ongoing/future clinical trials for FL'T3 inhibitors"™
The COG is conducting a phase I trial (ADVL1011) of
the JAK inhibitor ruxolitinib, and plans to develop a trial
of ruxolitinib combined with chemotherapy in relapsed
ALL patients with 4K mutations. These mutations are

August 6, 2014 | Volume 3 | Issue 3 |



Fuster JL. Childhood, relapse, acute lymphoblastic leukaemia

present in a proportion of cases of so-called Ph-like
ALL overexpressing CRLF2. Similarly, patients with oth-
er fusion genes activating ABL7, [AK2, and PDGFRB
might be treated with ABL/PDGFRB class tyrosine ki-
nase inhibitors'".

The occurrence of defective immune tecovery af-
ter haploidentical SCT was associated with a high risk
of severe infections, which heavily affected morbid-
ity and mortality. Post-transplant CD8-depleted donor
lymphocyte infusions are feasible and promote immune
reconstitution”". Further attempts might be directed at
increasing the alloreactive potential of the transplanta-
tion. Donor lymphocyte infusions have been advocated
to convert stable mixed chimerism into full chimerism
and have been used successfully in patients with persis-
tent, relapsed, or progressive disease both after conven-
tional and nonmyeloablative SCT to exert graft-ss-tumor
effects, most notably in patients with chronic myeloid
leukemia”>",

Adoptive immuno therapy was investigated mostly
in children who have a functional thymus and lower
incidence of GvHD compared with adults. Donor-»s-re-
cipient NK alloreactivity has emerged as a crucial factor
for the outcome of haplo—SCT[7Z’73]. Genetic engineer-
ing to endow T cells with receptors that bind leukaemia
cell surface antigens such as CD19 or CD22, is another
promising adoptive therapy approach. Immune cells are
genetically modified to express chimeric antigen recep-
tors (CAR) that contain a target recognition domain
linked to an intracellular component that activate a sig-
nalling cascade™. Impressive antileukemic effects have
been reported using CD19-CAR constructs in pediatric
patients with relapsed/refractory BCP ALLEY,

CONCLUSION

Relapsed ALL remains a significant challenge for pedi-
atric oncologists. According to recent reports regarding

genetic and epigenetic signatures, two different biologi-
cal mechanisms seem to distinguish early »s late ALL
relapse. This might partially explain their distinct behav-
iour, therapy response and outcome. While SCT is gen-
erally accepted as the best option as post-induction con-
solidation therapy for HR patients after CR2, this seems
to apply to only a subgroup of patient categorized as IR.
Eatly response evaluation in terms of MRD after rein-
duction therapy seems to offer the best chance to stratify
IR to SCT or conventional chemotherapy and it is cur-
rently been applied by several study groups. However,
leukemia-free survival remains dismally low for many
patients after relapse and, despite efforts by many inves-
tigators to intensify therapy with approaches that often
include SCT, outcomes for these children have changed
little over time. Relapsed ALL represents the focus of
considerable pediatric research and alternative treatment
options exploring distinct mechanisms of action are be-
ing pursued. Given the rarity of the disease, prospective
clinical trials need to be coordinated within international
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cooperative groups.
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