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Acute lymphoblastic leukemia (ALL) is a multifaceted disease in its biological
pathogenesis, with variety of populations affected and numerous epidemiological
factors.1 The treatment regimens are typically intense and involve many chemotherapeutic agents that carry a multitude of toxicity risks. However, the improvement in
the prognosis for children diagnosed with ALL has been one of the great success
stories for the 20th and early 21st centuries for cancer care. While only 30% of children diagnosed with ALL survived in 1970, more than 85% survive today, with some
populations of patients having a .95% survival at 5 years. Unfortunately, the same
cannot be said for young adults between 15 and 30 years of age with ALL, which,
for the purposes of this review, we will consider to be the adolescent and young adult
(AYA) population. For the patients in this age-group, the prognosis has been less
promising and can vary from 35% to 75% disease-free survival at 5 years, depending
on the leukemic subtype and therapy utilized.2–4 Efforts to improve the prognosis for
this group of patients have been challenging, and controversy between pediatric and
adult oncologists regarding the optimal treatment has contributed to a lack of clarity
over a standard approach to care. This includes a discrepancy among some providers
regarding the utilization of hematopoietic stem cell transplantation (HSCT). Here,
we review many of the issues that need to be considered in determining the ideal
treatment course for AYAs with ALL.
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Abstract: The survival rate for children with acute lymphoblastic leukemia (ALL) has dramatically improved over the last 50 years. However, for those in the adolescent and young adult
(AYA) age-group of 15–30 years with ALL, there has not been the same degree of improvement.
Historically, pediatric and adult providers have utilized different treatment approaches based
on clinical trials. However, studies that have compared the outcome of AYA patients with ALL
treated on pediatric or adult clinical trials have generally shown substantially better outcomes
for this patient population treated with the pediatric trials. Additionally, hematopoietic stem
cell transplantation has been considered as part of intensified therapy for AYA patients with
ALL. Herein, we review the outcomes with chemotherapy alone and with hematopoietic stem
cell transplantation, and explore the challenges faced in determining the ideal therapy for the
AYA population of patients.
Keywords: adolescent young adult oncology, leukemia, hematopoietic stem cell
transplantation
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Background
ALL develops as a result of deregulation in various pathways
in the cell cycle that serve to control cell survival and proliferation.1,5 ALL in particular is characterized by an uncontrollable proliferation of malignant cells with an arrest of normal
lymphoid progenitor cell development.6 As a result, normal
bone marrow cells are replaced by malignant lymphoblasts,
thereby inhibiting homeostatic hematogenous and immune
functions.7,8 In ALL, examination of the bone marrow will
most likely reveal a hypercellular and homogenous population of blasts.9

Epidemiology and pathogenesis
The B lymphoblastic leukemia immunophenotype (B-ALL)
occurs most frequently in children and accounts for approximately 80%–85% of ALL in the pediatric population. T-cell
ALL (T-ALL) makes up 10%–15% of leukemia seen in
children but is more prevalent in the older AYA population,
accounting for 25% of cases in patients 16–21 years of age.
Compared to the B-cell phenotype, T-cell ALL is more likely
to present with extramedullary disease, such as lymphadenopathy (including the presence of a mediastinal mass) or
hepatosplenomegaly.10 While the presentation of ALL can
be insidious or occur acutely, cases can also be discovered
as an incidental finding on routine laboratory blood work.
Some of the more common presenting symptoms of ALL
include bruising, pallor, petechiae, and fever. Moreover,
approximately 25% of patients who initially present with
ALL may have bone pain or vertebral compression fractures,
both of which are thought to be due to the bone’s periosteal
enlargement from leukemic cell infiltration.11,12
The exact pathogenesis involved in the development of
ALL remains under investigation, and there are a variety of
theories to consider. One such theory has suggested that pediatric cancer tends to result from genetic defects during the
growth and development phases of organs and tissues during
times of proliferative stress. This seems to correlate with the
fact that the peak incidence of ALL in children is between the
ages of 2–5 years, a time when lymphocyte progenitor cells,
particularly of the B-cell lineage, are actively proliferating
and rearranging their genetic material for immunoglobulins.6
Furthermore, genetic mutations and chromosomal translocations that are responsible for activating and/or deactivating
specific genes are the driving force of most cases of ALL.5,13
For instance, in 25% of cases of B-cell ALL, the t(12;21)
translocation leads to the ETV6-RUNX1 fusion gene (formerly TEL-AML1), which leads to the proliferation and
self-renewal of an immature B lymphocyte.5,13 In T-ALL,
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greater than 50% of the cases result from a mutation in the
NOTCH1 gene, which codes for a transmembrane receptor
that regulates normal cell development, and produces an
activating effect.13 Moreover, in many adult cases, the most
common chromosomal translocation seen is t(9;22), or the
Philadelphia chromosome, which produces the BCR-ABL
protein, resulting in constitutive tyrosine kinase activity.
Retrospective analysis of leukemic fusion genes from
neonatal blood spots (ie, Guthrie cards) revealed that a prenatal origin may explain some cases of childhood ALL.14
However, the 10% concordance rate of leukemia in identical
twins points to the notion that postnatal environmental influences must also be responsible for the full malignant transformation of the cells.13,14 In addition, it is well established
that several inherited genetic syndromes, such as trisomy 21,
Bloom syndrome, Shwachman–Diamond syndrome, neurofibromatosis type 1, and ataxia-telangiectasia, predispose
an individual to having a higher likelihood of developing
ALL.13 Other proposed risk factors for the development
of ALL include pre- and postnatal radiation exposure, as well
as male sex. There is male predominance in all age-groups,
but in the AYA population, particularly ages 15–29 years, the
male-to-female ratio of cases of ALL is 2:1.5 The extent to
which the risk factors noted earlier affect those in the AYA
population is not clear.

Prognosis
Disease prognosis and patient outcomes in ALL are largely
dependent upon a patient’s age at the time of diagnosis, as
there is a strong correlation between age at presentation and
specific biological and/or molecular characteristics of the
disease. AYAs traditionally have worse survival rates compared to children aged 1–10 years, as AYA patients tend to
have less favorable disease characteristics, such as an increased
incidence of t(9;22) and the T-cell immunophenotype.
They also present less often with the favorable t(12;21) or
hyperdiploidy.1,15 Thus, the focus of disease-risk stratification
differs between pediatric and adult treatment approaches.
Adult risk stratification is based upon the patient’s perceived
risk of relapse secondary to the presence or absence of poor
biological prognostic factors, whereas in pediatric cases, risk
stratification is based not only upon age and biology, but also
upon the patient’s response to therapy.1
With ALL being the most common cancer in children,
cure rates for pediatric patients have improved substantially
over the past 50 years. Progress in treatment modalities for
pediatric patients has lead to better survival rates in children,
with the prognosis for pediatric ALL being among the most
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favorable of all malignancies. The same, however, cannot be
said for adolescents and adults, in whom outcomes have not
improved as substantially.6 In the USA, it is estimated that
approximately 25,000 individuals between the ages of 15 and
30 years are diagnosed with cancer each year,16 and in the
16–25-year-old age-group, cancer remains the fourth leading
cause of death, after accidents, suicides, and homicides.17
All AYA patients with cancer have suffered as a whole as
a result of the lack of progress in survival outcomes. This
is due, in part, to the decreased recognition of the need for
specific clinical trials for AYA patients, and lack of medical
insurance and access to proper medical care in this population, as well as the inferior psychosocial support available
to AYAs when compared to the pediatric population. This in
turn has only widened the gap between the care provided to
pediatric versus adult patients.
While the cure rate for children with ALL under the age
of 10 years remains one of the most favorable of all childhood
malignancies, the same cannot be said for those 15 years and
older.6 The most substantial decreases in survival begin to
become apparent at approximately 15 years of age.18 Current
chemotherapy protocols for children aged 1–10 years have
led to a complete first remission rate of 98% and a 5-year
event-free survival (EFS) rate of 80%–85%.19 In contrast,
the complete remission rate for adults is approximately
80%, with overall survival (OS) rates reported in the range
of 35%–70%.19 The US Surveillance Epidemiology and End
Results (SEER) data has demonstrated that the 5- and 10-year
survival rates for children aged 1–14 years are 87.5% and
83.8%, respectively, while they drop to 61.4% and 60.4% for
adolescents between the ages of 15 and 19 years. Survival
rates decline even further for young adults between the ages
of 20 and 29 years with their 5- and 10-year EFS rates being
44.8% and 30.8%, respectively.16,20
Reasons for why the survival rate of AYAs with ALL is
about one-half that of younger children are multifactorial. The
AYA population has the lowest rate of primary care utilization. In addition, they represent the highest proportion of the
population that is uninsured or underinsured.21,22 These two
factors may contribute to the fact that AYA patients with ALL
tend to present with more advanced disease at the time of
diagnosis, and this in addition to their inherently higher risk
biology predispose them to unfavorable outcomes.23 Another
host characteristic contributing to the poor survival outcome
in this age-group includes decreased compliance with the
long and complex treatment regimens that are necessary.
Treatment failure as a result of poor compliance in this agegroup has not only been an issue for patients with ALL, but

also for other AYAs with chronic diseases such as asthma,
cystic fibrosis, and diabetes.19,24
Increasing age is accompanied by biological differences
in the disease itself, tending to favor higher risk and less
favorable prognostic indicators. Childhood features of the
disease that are usually associated with a favorable prognosis,
such as B-cell immunophenotype, t(12;21), and hyperdiploidy (.47 chromosomes), are less common in the AYA
population and mostly absent in older adults.1 The t(12;22)
chromosomal translocation responsible for the ETV6RUNX1 fusion protein is present in about a quarter of young
children with ALL.15 This fusion protein makes the malignant
cells particularly susceptible to the effects of chemotherapy,
resulting in an extremely high OS rate of .95% in those
with rapid early response to therapy. This translocation and
its favorable prognostic factors, however, are virtually absent
in patients over the age of 18 years.25 Hyperdiploidy is only
present in approximately 6% of AYA patients, as compared to
approximately 35% of pediatric ones with pre-B-cell ALL.15
In children, hyperdiploidy is often associated with a very
low risk of disease relapse. In adults on the other hand, the
presence of hypodiploidy confers a higher risk for relapse
and decreased OS.26
With increasing age, the biologic features of the disease
itself are oftentimes more complex and ominous. The adverse
prognostic features of the disease that are more common in
AYAs include a high white blood cell count, T-cell immunophenotype, and the t(9;22) translocation.27 Historically,
the T-cell immunophenotype of the disease has had a worse
prognostic outcome than B-ALL regardless of age, though
current treatment strategies are leading to improved outcomes
than were seen historically, and are now approaching the
survival seen in B-ALL.28–31 Furthermore, in some adult trials,
patients with T-cell disease had even better outcomes than
those with B-cell disease.32,33 Moreover, the t(9;22) translocation responsible for the BCR-ABL1 fusion gene is an
unfavorable cytogenetic variation regardless of age, but with
the incorporation of tyrosine kinase inhibitors into multiagent
chemotherapy regimens, the outcome for these patients
is drastically improving.34 In contrast to the t(12;21), the
prevalence of t(9;22) increases with age, occurring in 2% of
patients aged 1–9 years and 8% in adolescents. Its presence
in adults is as high as 20%–25%, making it the most common
chromosomal abnormality in adult ALL.35,36
There are other factors that were historically believed
to contribute to a worse outcome for the AYA population,
including high rates of death during induction therapy.18,37
However, more recent data have indicated that the induction
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death rate in recent protocols is quite low at approximately
2% and is not significantly different between AYA and
younger patients.38,39 In addition, increased rates of disease
relapse, particularly within the central nervous system (CNS),
are as high as 30%–40% in the AYA population.13 Moreover,
increasing age is believed to place AYA patients at a higher
risk for treatment-related morbidity and mortality, which has
in part been proposed to be as a result of delayed drug clearance and preexisting medical comorbidities.13,18

Current treatment strategies
Traditional pediatric and adult treatment approaches for AYAs
have differed, not only in terms of the chemotherapy agents
used but also in the phases of therapy applied. Medical versus
pediatric oncologists have had different philosophies regarding induction, intensity, and duration of overall therapy, as
well as the role of targeted CNS prophylaxis.40 Most pediatric
treatment regimens are based on a backbone developed by the
Berlin-Frankfurt-Münster (BFM) group in the 1970s. This
model of therapy, used by most cooperative groups, is based
on the Goldie–Coldman hypothesis that postulates that in
order to cure ALL, early intensification is a necessity, in conjunction with the Norton–Simon hypothesis that states that a
later delayed intensification, consisting of new or analogous
drugs, is needed to destroy drug-resistant malignant cells that
survived the initial round of chemotherapy.18 As a result, the
treatment of ALL involves a multistep approach that is both
complex and intense. This therapy consists of both initial and
delayed aggressive phases of therapy (induction/consolidation and delayed intensification) with an intervening less
intense phase of treatment known as interim maintenance.
Following the completion of these blocks of more aggressive
therapy, which generally takes between 6 and 9 months, there
is a prolonged maintenance therapy which lasts for 2–3 years,
depending on the specific protocol.
Thus, the overall theme of pediatric protocols is to treat
ALL with high cumulative doses of nonmyelosuppressive
agents, such as vincristine, asparaginase, and corticosteroids,
especially during periods of myelosuppression induced by
alkylators, anthracyclines, and antimetabolies. Asparaginase,
in particular, serves as a hallmark component of most pediatric ALL treatment regimens. Its mechanism of action is to
induce apoptosis of leukemic cells as a result of the cells’
inability to undergo proper protein biosynthesis due to the
lack of extracellular asparagine.41,42 Studies in which intensive
rounds of asparaginase are used in induction and intensification have demonstrated significant benefits in EFS and
overall disease cure rates.42 In addition, a series of clinical
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trials conducted through the Dana Farber Cancer Institute
(DFCI) has clearly demonstrated the range of toxicities,
the importance of frequent exposure, and that more doses
improve outcomes.43–45 Moreover, pediatric regimens include
a focus on CNS-directed chemotherapy, generally in the form
of intrathecal methotrexate, as the CNS is a sanctuary site
for leukemic cells.6
In contrast to the pediatric regimens, standard adult ALL
treatment protocols typically comprised blocks of myelosuppressive therapies followed by periods of rest, such as is
given with hyper-CVAD therapy. This treatment approach
utilizes smaller fractions of cyclophosphamide, vincristine,
Adriamycin®, and dexamethasone, alternating with courses of
methotrexate and cytarabine. As compared to classic pediatric
treatment regimens, adult protocols are generally shorter,
though they often require longer inpatient hospitalizations.
For instance, hyper-CVAD therapy typically lasts 6 months,
though patients must be hospitalized for chemotherapy.46
This is followed by maintenance therapy with prednisone,
vincristine, mercaptopurine, and methotrexate, commonly
given for 24–30 months of therapy.47
In part, the rationale for this type of therapy is that older
patients are believed to be more susceptible to the side effects
from chemotherapy, and in particular vincristine-induced
peripheral neuropathy, as well as the multitude of asparaginase toxicities, such as pancreatitis, hyperglycemia, avascular
necrosis, thromboembolism, hepatic toxicity, and allergic
hypersensitivity reactions. The incidence of most, if not all
of these, increases with age.18,42 As a result of these toxicity
concerns and general lack of use in traditional adult ALL
regimens, the benefit of vincristine and asparaginase in ALL
outcomes is not as appreciated in adults as in children.48 It
should be noted that when treated with typical adult protocols,
the AYA population represents only a small number of total
patients being treated. As such, the side effect profiles and
precautions taken in treating older patients versus younger
ones with different therapeutic modalities may not be applicable to this specific group. On the other hand, the excellent
tolerance of chemotherapy by the population ,18 years of
age may also not fully represent the degree to which chemotherapy may be tolerated in the AYA population composed
of 18–30 year olds.
Depending on local referral patterns and to whom the
patient first presents, both pediatric and adult oncologists
treat patients with ALL who fall into the AYA age-group.18,20
Pediatricians tend to refer their AYA patients to pediatric
oncologists who are affiliated with universities and large
research-based groups, whereas internists usually refer to
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medical oncologists who might be affiliated with a large
hospital, but many adult oncologists practice within the
community and not within an academic center. In the USA,
only approximately 34%–66% of AYA patients are treated
by pediatric oncologists at academic centers, and this difference in referral and care patterns may influence prognosis
as well.18–20,36
It is believed that the caregiver’s overall approach and
experience with a particular disease is important when comparing survival rates and treatment success. ALL remains the
most common cancer in children and is commonly encountered by pediatric oncologists. Schiffer has argued that adult
oncologists tend to be more familiar with the treatment of
solid tumors and infrequently care for patients with acute
leukemia.49 As such, it is believed that “disparities in treatment attitudes between pediatric and adult departments” may
contribute significantly to the different outcomes. Patients
referred to pediatric centers often interact with experienced
support teams, in addition to their doctor, who aid in their
recovery.49 As such, the most drastic decline in survival rates
occurs approximately at the age of 18 years, which is the
same time that the transition of care from pediatric to adult
practitioners occurs.46
Consideration for the potential differences in therapeutic
practices between pediatric and adult practitioners may be
equally important when comparing treatment outcomes. The
chemotherapy historically given in typical adult protocols
may lead to longer chemotherapy administration delays as
compared to the chemotherapy given in pediatric protocols,
and it has been suggested by some that adult oncologists tend
to give patients additional recovery time between cycles.20
Pediatric oncologists, on the other hand, are known to be
trained to administer their therapies with a greater adherence
to schedules and dose intensity.49
Furthermore, there is a growing body of evidence that
an increased rate of clinical trial participation has a positive
correlation with treatment success and cure rates.50 In the
USA, approximately 5% of 15–25 year olds with cancer are
entered onto US clinical trials, as compared to 60%–65% of
children.17,51 A review of SEER data showed that clinical trial
enrollment was likely to be decreased for patients older than
19 (10% vs 34%) years, not treated by a pediatric oncologist (9% vs 53%), and uninsured (3% vs 14%).52 Excluding
infants less than 12 months, AYAs with ALL serve as the
smallest group of patients represented on clinical trials.18
The lack of clinical trial enrollment in the AYA population
is an international problem, as a study from England demonstrated that 80% of patients younger than 14 years with

the diagnosis of ALL were enrolled on a clinical trial, while
only 36% of patients between the ages of 15 and 29 years
did.53 This lack of clinical trial enrollment has contributed to
the difficulty in establishing a “standard of care” for patients
in the AYA age-group. In addition, AYA-specific data from
clinical trials have historically been extrapolated from data
collected within larger trials that include AYAs, but may not
have been designed to assess AYA outcomes specifically.
Therefore, although challenges exist in comparing one trial
to another, there have been many attempts to assess outcomes
for AYA patients treated with adult-inspired therapy versus
pediatric-inspired therapy.
In the USA, the Children’s Oncology Group (COG) has
recognized the gap in clinical trial participation, lack of
improvement in outcomes, and possible barriers that may be
preventing AYAs from participating in clinical trials. To this
end, the upper age limits for many COG clinical trials have
been increased, with almost 30 trials currently open that have
upper age limits between the ages of 25 and 50 years.21
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Comparison of treatment protocols
In the USA, an analysis of SEER data revealed a rapid decline
in survival for patients with ALL from 75% at age 16 to 48% at
age 18–21 years, which has been postulated to be partly related
to the transition of patients from pediatric treatment centers to
adult treatment centers, along with the switch from pediatric
to adult treatment regimens.17 However, several studies from
around the world have demonstrated improved outcomes for
AYA patients when treated with pediatric-inspired regimens as
compared to traditional adult-inspired regimens. In the USA,
a retrospective analysis of 321 patients aged 16–20 years with
newly diagnosed ALL between the years 1988 and 2001 – who
were treated on trials from either the Children’s Cancer Group
(CCG) or Cancer and Leukemia Group B (CALGB) – was
performed. This study demonstrated favorable outcomes for
those treated on the pediatric trials, with the CCG protocols
resulting in a 7-year EFS of 63%, compared to that of 34%
for those treated with the CALGB protocol. In addition, the
OS at 7 years for those treated by the CCG was 67%, while
that of the CALGB was 46%. In a subsequent trial, the CCG
reported an even higher EFS of 71.5% for patients aged 16–21
years.40,54 The CALGB also reported more favorable outcomes
for AYAs when intensified, postremission protocols modeled
after pediatric-inspired trials were used.40,55 Additionally,
a significant difference in the rates of relapse between the
groups was reported. The CCG reported two isolated CNS
relapses versus nine in the CALGB group. This in turn resulted
in a 7-year overall CNS relapse rate of 1% for those patients
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treated with the CCG protocol and 11% for the CALGB
group.40 This finding raises concern for the low degree of
CNS-directed treatment in typical adult regimens. Unlike the
CALGB group, the CCG patients received intrathecal therapy
starting at the beginning of the induction phase and continuing throughout all phases of therapy, including maintenance,
whereas the patients in the CALGB group failed to receive
any CNS-directed therapy during their final phase of treatment. As a result, it is believed that use of earlier and more
frequent intrathecal therapies played a role in the lower rate
of relapse seen in the CCG patient population as compared to
that of the CALGB group. This supports the notion that the
pediatric practice of aggressive CNS-targeted therapy may
help to prevent CNS relapse and also that higher cumulative
doses of nonmyelosuppressive agents such as glucocorticoids,
vincristine, and asparaginase may reduce the occurrence
of systemic disease relapse.56,57
Similar results have been demonstrated by investigators
at the DFCI who assessed patients aged 15–18 years treated
between the years 1991 and 2000. They found that treating
adolescents with newly diagnosed ALL on the pediatricinspired DFCI-ALL consortium protocol led to a favorable
5-year EFS of 78%, compared to previous rates of 46%–68%
for a similar population when using adult therapies.58 Once
again, investigators speculated that the superior outcome
may have been attributed to the types and intensity of chemotherapy agents used, including the frequent and high doses
of corticosteroids, vincristine, and asparaginase.58
Studies from various countries in Europe regarding the
AYA ALL population have generated very similar results.
In France, 77 patients aged 15–20 years were treated on
the pediatric-based FRALLE-93 trial, while 100 patients
aged 15–20 years were treated on the adult LALA-94
protocol.59 A comparison of the two groups highlighted that
AYA patients who were treated on the pediatric protocol had
significantly higher rates of disease remission and EFS. The
FRALLE-93 protocol resulted in a complete remission rate
of 94% and a 5-year EFS rate of 67%. Both the complete
remission and 5-year EFS rates were lower for the adult
LALA-94 trial, at 83% and 41%, respectively. Moreover, of
the 72 FRALLE patients who achieved complete remission,
only eleven relapsed, whereas 38 of the 83 patients who
achieved remission in the LALA-94 trial ultimately suffered
from disease relapse.59 When comparing the two treatment
regimens, it was once again found that the major difference was that patients on the pediatric-inspired FRALLE
protocol received greater quantities of steroids, vincristine,
and asparaginase. When comparing the chemotherapy agents
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and dosing of the FRALLE-93 and LALA-94 protocols, it
is notable that approximately five times more prednisone
and 20 times more asparaginase are used in the pediatric
regimen versus the adult regimen, including no doses of
asparaginase in the induction phase of the LALA-94 protocol.59 Thus, investigators in France concluded that AYAs
should either be included on the intensive pediatric ALL
protocols, or that new trials based heavily upon the established pediatric protocols should be utilized for treating
AYAs with ALL.
In Italy, investigators conducted a similar study in which
patients aged 14–18 years were either treated by the Italian Association of Paediatric Haematology and Oncology
(AIEOP) or the adult-based Italian Group Italiano Malattie
Ematologiche Maligne dell’ Adulte (GIMEMA ALL). The
AIEOP group used BFM-based therapy consisting of intensive induction therapy, high-dose methotrexate postremission
therapy, and standard continuation therapy for a minimum of
2 years. The GIMEMA group utilized induction with highdose anthracycline followed by consolidation therapy with
high-dose cytarabine and did not use high-dose methotrexate
or delayed intensification. Moreover, cranial radiation was
provided to all patients in the GIMEMA group, but reserved
only for those in the high-risk category in the pediatric AIEOP
trials, where there was higher use of intrathecal chemotherapy.60 Among the two groups, the AYA patients treated with
the AIEOP pediatric regimen demonstrated a 2-year EFS of
78%, whereas the patients treated on the GIMEMA ALL trial
showed a 2-year EFS of 47%.60
In the Netherlands, a retrospective analysis compared the
outcomes of 15–18 year olds treated on either by the pediatric Dutch Childhood Oncology Group (DCOG) or the adult
Dutch-Belgian Hemato-Oncology Cooperative Study Group
(HOVON). Participants in the DCOG had a 5-year EFS of
69% and 5-year OS of 79%, compared to a 5-year EFS of
34% and 5-year OS of 38% for those on the HOVON study.61
Perhaps the greatest explanation for such varied results is
the different treatment modalities utilized by both groups.
In the DCOG, treatment consisted of induction therapy, followed by high-dose methotrexate, a reintensification phase,
and then maintenance chemotherapy, whereas the HOVON
trial primarily focused on intensified chemotherapy followed
by HSCT. The HOVON group did not utilize high-dose
methotrexate nor did it provide a reintensification phase for
its participants. In addition, the DCOG protocol included a
maintenance phase, whereas the HOVON regimen did not,
resulting in significantly reduced doses of 6-mercaptopurine. Moreover, an additional major difference between the
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two groups was that the HOVON protocol was based upon
intensified chemotherapy followed by HSCT, whereas in the
DCOG, HSCT was reserved for a select subset of high-risk
patients, such as those with the Philadelphia Chromosome or
MLL rearrangement. As such, only 4% of the DCOG patients
received an HSCT in their first complete remission, in comparison to the 25% of HOVON patients. Five of nine patients
in the HOVON group who received an HSCT did not survive
secondary to transplant-related toxicities, contributing to the
higher mortality rate in the HOVON group.61
While we have outlined the details of some critical studies earlier, it is important to note that similar results have
emerged from a variety of other countries where it has been
demonstrated that patients in the AYA age-group had better
outcomes when treated with pediatric-inspired therapy (Table
1). Of note, the adult Finnish Leukemia Group utilizes therapy
that is similar to the pediatric Nordic (NOPHO) study group
in Finland, and found there was not a significant difference
when comparing the outcomes of these groups, illustrating
the benefit of pediatric-inspired therapy.62 Additionally, single
institutional data from Rytting et al reported the outcome of
BFM-based therapy in their young adult population and did
not appreciate an improvement when compared to historical
controls.63

outcomes are similar (40%–50% 5-year EFS) with transplant or chemotherapy alone.64 For those with relapse,
encouraging new research has emerged regarding targeted
immunotherapy utilizing chimeric antigen receptor T-cell
therapy (CAR-T).65 This therapy utilizes genetically engineered chimeric antigen receptors that have an anti-CD19
single-chain Fv domain connected to intracellular T-cell
signaling domains of the T-cell receptor, directing cytotoxic
T lymphocytes to cells expressing this antigen.66 In children,
adolescents, and adults, clinical trials with CAR-T therapy
have demonstrated that between 67% and 90% of patients
with relapsed or refractory disease can successfully achieve
remission.66–68 Although promising, the manner in which this
therapy will change the treatment algorithm for those with
relapse who have historically undergone HSCT is not yet
known. Likewise, for those patients with newly diagnosed
leukemia, it is not yet known what role CAR-T therapy will
play and further research will be needed.
Controversy continues regarding the role of HSCT in first
remission for the AYA ALL population. In a meta-analysis
comparing HSCT in first remission for adult patients with
a matched sibling donor (MSD) to autologous transplant
or chemotherapy alone for those without a donor, there
was a statistically significant improvement in outcome for
those who underwent HSCT, with a 49.9% 5-year EFS,
compared to 42.7% 5-year EFS for those who received
chemotherapy alone.69 In a joint trial between the MRC and
ECOG, outcomes were compared for patients between the
ages of 15 and 59 years, all of whom were initially treated
with chemotherapy, and then those with an MSD underwent HSCT.70 Those without a donor were randomized to
autologous transplant or chemotherapy alone. Patients with
a donor had a 5-year OS of 54%, versus 44% for those with
no donor (P=0.007), but on subanalysis, this survival benefit
was only observed in patients with what was considered
standard-risk disease.

Role of hematopoietic stem cell
transplantation
Generally, HSCT in the pediatric population is reserved
for those with refractory disease, particular very-high-risk
biology, or those with early bone marrow relapse, occurring within the first 36 months of remission. For those
with extramedullary relapse within 18 months of remission, HSCT is also typically utilized. However, for those
with extramedullary relapse .18 months from remission
and those with bone marrow relapse .36 months from
remission, treatment does not always require HSCT, since

Table 1 Outcomes for adolescent and young adult patients treated on pediatric-based versus adult-based clinical trials
Country

Clinical trials
(pediatric/adult)

Age range
(years)

Pediatric regimen

Adult regimen

USA40
USA54
France59
France69
Finland62
Great Britain70
UK19
The Netherlands61

CCGp/CALGBa
CCG100 seriesp
FRALLE93p/LALA94a
GRAALL 2003a
NOPHOp/FLGNa
ALL97p/UKALLXIIa
MRC UKALLX,Xa
DCOGp/HVONa

16–21
16–21
15–20
15–60
10–25
15–17
15–20
15–18

EFS: 63% at 7 yr
EFS: 72% at 5 yr
DFS: 68% at 6 yr

EFS: 34% at 7 yr

EFS: 67% at 5 yr
EFS: 65% at 5 yr
EFS: 69% at 5 yr

DFS: 32% at 4 yr
EFS: 55% at 4 yr
EFS: 60% at 5 yr
EFS: 49% at 5 yr
DFS: 35% at 5 yr
EFS: 34% at 5 yr

Notes: pPediatric-based oncology trial; aadult-based oncology trial.
Abbreviations: EFS, event-free survival; DFS, disease-free survival; yr, years.
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These data should be interpreted with caution for the
AYA population, however, as the chemotherapy regimens
used were classic “adult”-type chemotherapy, especially
given the growing evidence of survival benefits afforded
to younger adults who are treated with “pediatric”-type
chemotherapy. In fact, two recent studies suggest that HSCT
does not benefit young adult patients with ALL who are
treated according to pediatric regimens.71,72 The International
Bone Marrow Transplant Registry (IBMTR) conducted a
study that compared outcomes for patients 18–50 years of
age who were treated with pediatric-inspired chemotherapy
regimens or who underwent related or unrelated HSCT.71
Relapse rates were similar between the groups, but with the
higher treatment-related morbidity associated with transplant, and 4-year OS was higher in the group treated with
chemotherapy alone (73% [63%–81%] vs 45% [40%–50%],
P,0.0001). In a study conducted by the Group for Research
on Adult Acute Lymphoblastic Leukemia (GRAALL),
investigators evaluated the role of HSCT in adults (15–55
years) with ALL treated with a pediatric-inspired regimen
and considered to have high-risk disease.72 There was a
lower cumulative incidence of relapse in the HSCT, but
higher nonrelapse mortality, leading to similar survival
outcomes. However, there did appear to be a benefit with
HSCT for patients with poor disease response, defined as
residual disease $10–3 after induction chemotherapy, with
a hazard ratio of 0.37 for relapse-free survival (RFS) (95%
CI 0.2–0.69; P=0.001) and 0.41 for OS (95% CI 0.22–0.76;
P=0.005).
Thus, while some medical oncologists may advocate for
HSCT in CR1 for AYAs with ALL, the survival outcomes
for these patients treated with pediatric-inspired therapy
ranges from 60% to 75%, higher than the EFS reported in
several of the chemotherapy-alone arms in studies comparing MSD transplant to chemotherapy alone. Additionally, the
pediatric-inspired outcomes are quite a bit higher than the
EFS described in several of the HSCT arms. Furthermore,
factors influencing outcomes following HSCT are complex
and include the presence/absence of MRD prior to and
immediately after transplant, the donor source, and the
development of graft versus host disease both in terms of
its harmful toxicity as well as its potentially beneficial graft
versus leukemia effects.73–77 Whether the influence of these
factors is age-dependent remains to be seen. Similar to the
aforementioned study from the Netherlands, there may not be
a general benefit to HSCT in CR1 for all AYAs with ALL. It
will be important, however, to identify subgroups for whom
the value of transplant may remain.
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