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Background
Outcomes in chronic myeloid leukemia have improved with tyrosine kinase inhibitor treat-
ment.  However, little is known about outcomes of chronic myeloid leukemia in adolescent and
young adult patients. 

Design and Methods
We reviewed all 468 chronic myeloid leukemia patients treated at our institution with tyrosine
kinase inhibitors as initial therapy: imatinib (n=281), nilotinib (n=98) or dasatinib (n=89). 

Results
Median age was 47 years, median follow up 71 months and median treatment time with initial
tyrosine kinase inhibitors 48 months. Adolescent and young adult was defined as aged 15-29
years. Sixty-one adolescent and young adult patients were identified. The only significant dif-
ferences between adolescent and young adult and older patients were incidence of
splenomegaly and distribution in Sokal risk groups. Only 3 adolescent and young adult patients
have died.  Rates of complete cytogenetic, major molecular and complete molecular response
were significantly higher in older patients compared to adolescent and young adult patients,
with a favorable trend in event-free survival for older patients.  Transformation-free and overall
survival were similar for the two groups.

Conclusions
The unfavorable trend in outcome for adolescent and young adult patients with chronic
myeloid leukemia is unexpected. Additional research in this population is required to better
define outcomes, understand the cause of this difference, and to help make better treatment rec-
ommendations. 
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outcome.
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Introduction

Outcomes in chronic myeloid leukemia (CML) have
dramatically improved since the introduction of imatinib
as initial therapy in chronic phase.1 A complete cytogenet-
ic response (CCyR) is achieved in over 80% of patients
with a reported event-free survival (EFS) at eight years of
81%.2 More recently, two newer, second generation tyro-
sine kinase inhibitors (TKIs), dasatinib and nilotinib, have
also been proven to be highly effective, not only for
patients with resistance or intolerance to imatinib,3,4 but
also as initial therapy for chronic phase CML.5-9
The median age of diagnosis of CML is reported to be

approximately 67 years.10 However, all age groups can be
affected by CML, and there is a small but significant group
of patients diagnosed with CML at a much younger age,
including some diagnosed at 15-29 years, a group frequent-
ly referred to as adolescents and young adults (AYA).11-13
AYA patients with malignancy are considered a group with
unique features with different prognosis, outcomes, treat-
ment strategies, and possibly different biology, to their
younger or older counterparts. This has resulted in a grow-
ing awareness of this group as a unique patient popula-
tion.14,15 Prior to the TKI era, stem cell transplantation (SCT)
was the preferred option as initial treatment for many AYA
patients with CML, with interferon alpha reserved for
those with no available transplant option. This recommen-
dation was based on the possibility of curing the disease
with transplant and the relatively low response rate and
high toxicity with interferon alpha. With the high efficacy
and improved tolerability of TKIs, stem cell transplant has
been mostly relegated to second-line or beyond treatment
options in the general CML population.16
Among leukemia patients, because acute lymphoblastic

leukemia (ALL) occurs more commonly in younger
patients, much more attention has been devoted to the
AYA patient population afflicted by this disease.17 Since
most of the other leukemia subtypes are generally diseases
involving older adults, little is known about the outcomes
of AYA patients with other leukemia. There is currently
very limited information on the outcome of AYA patients
with CML, particularly those receiving initial therapy
with TKI. We conducted this analysis in order to under-
stand the characteristics and outcome of AYA patients
with CML treated with TKI.

Design and Methods

From July 2000 to December 2010, 468 consecutive patients
with CML in chronic phase (CP) were treated at our institution on
a clinical trial of front-line therapy with TKI in sequential or paral-
lel IRB-approved protocols with identical inclusion criteria. TKIs
used included imatinib (n=281) either at standard (n=73) or high-
dose (n=208), nilotinib (n=98), or dasatinib (n=89). Informed con-
sent was obtained in accordance with the Declaration of Helsinki.
The medical records of all patients were reviewed and AYA
patients were identified. For this analysis, AYA was defined as
those aged 15-29 years at the time treatment was initiated.  
CP CML was defined as the presence in peripheral blood of all

of the following: blasts less than 15%, basophils less than 20%,
blasts plus promyelocytes less than 30%, and platelet count over
100¥109/L.15 Patients were followed with weekly complete blood
counts for the first 2-3 months, then every 4-6 weeks. A cytoge-
netic analysis was performed every three months for the first year,

then every six months for 2-3 years, then every 2-3 years.
Peripheral blood FISH was performed every three months for the
first year, then every six months. Response criteria were as previ-
ously described.16 Briefly, a complete hematologic response (CHR)
was defined as a white blood cell (WBC) count of below 10¥109/L,
a platelet count of below 450¥109/L, absence of immature cells
(blasts, promyelocytes, myelocytes) with less than 2% basophils
in the peripheral blood, and disappearance of all signs and symp-
toms related to leukemia including palpable splenomegaly.
Responses were further categorized by the best cytogenetic
response as complete (0% Philadelphia-chromosome positive
(Ph+) metaphases), partial (PCyR 1%-35% Ph+) or minor (36%-
95% Ph+). A major cytogenetic response (MCyR) included com-
plete plus partial cytogenetic responses (i.e. <35% Ph+). Major
molecular response (MMR) was defined as a BCR-ABL/ABL ratio
of 0.1% or under (international scale), and a complete molecular
response (CMR) as undetectable transcripts with an assay with
sensitivity of at least 4.5-log.16

Differences among variables were evaluated by the c2 test and
Mann-Whitney U test for categorical and continuous variables,
respectively.  Event-free survival (EFS) was measured from the
start of treatment to the date of any of the following events while
on therapy: loss of complete hematologic response, loss of com-
plete or major cytogenetic response, discontinuation of therapy for
toxicity or lack of efficacy, or progression to accelerated or blast
phases, and death from any cause at any time. Survival was meas-
ured from the time treatment was started to the date of death
from any cause at any time or date of last follow up.
Transformation-free survival (TFS) was measured from the start of
therapy to the date of transformation to accelerated or blast phas-
es while on therapy, or death from any cause at any time, or to the
date of last follow up. Survival probabilities were estimated by the
Kaplan-Meier method, and compared by the log rank test.
Multivariate analyses were conducted using the logistical regres-
sion model for CCyR, MMR, and CMR rates, and Cox’s propor-
tional hazard model for survival. Proportional hazard assumption
was verified by the Grambsch-Therneau test.18 Terms characteriz-
ing interactions between covariates were then added to the model
and retained only with P<0.05.  

Results

A total of 468 CML patients were included in one of the
trials with TKI as initial therapy for CP CML. The median
age of the entire cohort was 47 years (range 15-85 years).
The majority of patients (322, 69%) had a low Sokal risk
score, and 20 (4%) patients had additional chromosomal
abnormalities besides the Philadelphia chromosome (i.e.
clonal evolution) at the time of diagnosis. The median fol-
low-up time for the entire cohort was 71 months (range 3-
130 months), and the median treatment time with the first
TKI was 48 months (range 0.1-130 months). 
We identified 61 AYA patients who were included in

these studies, representing 13% of the study population.
Thirty-five AYA patients were treated with imatinib (11
with a starting dose of 400 mg daily and 24 with 800 mg
daily), 13 with nilotinib and 13 with dasatinib.  The medi-
an duration of therapy for the AYA group was 39 months
(range 2-127 months). Compared to the older patient pop-
ulation, although AYA more frequently presented with
splenomegaly (39% vs. 23%, P=0.01), significantly more
AYA were in the low Sokal risk group (84 vs. 67, P=0.03).
No other significant differences were identified between
AYA and older patients (Table 1).
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Response to therapy
Among the 468 patients treated, 11 (including 4 AYA)

were not evaluable for response because of treatment dis-
continuation before reaching initial cytogenetic response
evaluation at three months (2 for toxicity, 2 insurance
issues, 2 non-adherence, 5 refused).  Two of the patients
who achieved CCyR did not have molecular tests avail-
able.  Thus, overall response is based on 457 patients and
molecular response is based on 455. The best cytogenetic
response on therapy was CCyR for 420 patients (92%).
The overall rate of CCyR was 87% for patients treated
with imatinib 400 mg daily, 91% for those treated with
800 mg daily, 94% with nilotinib and 97% with dasatinib.
MMR was achieved by 85%, including 39% who
achieved a CMR. Rates of MMR were 77% for imatinib
400 mg, 86% for imatinib 800 mg, 81% for nilotinib and
91% for dasatinib. 
Response rates were generally lower for AYA patients

(Table 2). The rate of CCyR was 84% for AYA compared
to 93% for older patients (P=0.03). Corresponding rates
for MMR were 75% and 86% (P=0.049), and for CMR
23% and 41% (P=0.01). The median time to CCyR was
identical for the two age groups (3 months, range 2-64
months) but the median time to MMR was longer for AYA
(9 months, range 3-42 months) than for older patients (6
months, range 2-78 months) (Table 4). CCyR rates among
patients treated with second generation TKI were similar
between the two groups (96% and 95%, respectively,
P=0.85), albeit with a trend for lower rates of MMR in
AYA (79% vs. 87%, P=0.34). We then compared the rate
of response at times that have been identified as predictors
of long-term outcome. The rate of CCyR at 12 months
was 83% for AYA and 88% for older patients (P=0.36).
The rates of MMR at 18 months were 65% and 78%,
respectively (P=0.09). The rate of CCyR at 12 months for
AYA was significantly higher for patients treated with
dasatinib or nilotinib compared to imatinib, although no
difference was seen in the rate of MMR at 12 or 18 months
(Table 2).
After a median follow up of 48 months from the start of

the first TKI, 333 (71%) patients continue receiving thera-
py with their initial TKI. Twenty-four of the 61 (39%)
AYA patients discontinued their initial TKI: 11 due to
resistance (4 transformed, 2 each to accelerated (AP) and
blast phase (BP), and 7 still in CP), one due to insurance
problems, 3 because of toxicity, 3 for non-adherence, 2
lost to follow up, 2 received an allogeneic SCT (one in
CCyR after 9 months of therapy, one in PCyR after 6
months of therapy), one for other disease, and one died in
a car accident.
The most common grades 3 and 4 adverse events

according to age group and to specific TKI are presented in
Tables 5-7. Acknowledging the small numbers for some
subsets, there was no evidence of a significant difference
in frequency of these adverse events between AYA and
their older counterparts.  Interestingly, dose reductions
were more frequently required for imatinib in the older
patient population, particularly those treated with a higher
starting dose. In contrast, there was no significant differ-
ence in dose reductions of second generation TKI between
AYA (42%) and in the older (36%) patients (P=0.57). 

Prognostic significance of younger age
We then performed a multivariate analysis to investigate

whether AYA had an independent prognostic value.
Factors studied for the multivariate analysis included:
hemoglobin, white blood cell count, platelet count, per-
centage of bone marrow blasts, percent age of bone mar-
row basophils, duration of CML diseases, percentage of
peripheral blood blasts, percentage of peripheral blood
basophils, percentage of Philadelphia chromosome
metaphases, age group, treatment arm (imatinib standard
or imatinib higher dose or 2nd generation TKI),
splenomegaly, and Sokal risk score. AYA age group was
significantly associated with lower probability of achieving
MMR and CMR, with trends towards significance (P=0.06)
for EFS and CCyR, after adjustment for covariates.

Long-term outcomes
The 5-year probability of EFS was 81% for the total

patient population, with a rate of 93% alive and free from
transformation at five years, and an overall survival of
93%. There was a trend for an inferior EFS for AYA com-

Outcomes in CML AYA 
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Table 1. Patients’ characteristics according to age at the time of treatment ini-
tiation.
Parameter Median [range] or n. (%) P

Age 15-29 Age >30
Years (AYA) years

N. 61 407
Male sex 38 (62) 237 (58) 0.64
Age, years 24 [15-29] 50 [30-85]
Splenomegaly 24 (39) 93 (23) 0.01

If splenomegaly present, 8 [1-23] 7[1-30] 0.20
median spleen size, cm 
below costal margin
Hemoglobin, g/dL 12.2 [6.7-15.5] 12.3 [6.2-16.7] 0.57
WBC, ¥109/L 30.5 [1.0-283] 27.4 [0.8-342.5] 0.4
Platelets, ¥109/L 332 [73-1769] 343 [58-2928] 0. 19
% PB blasts 0 [0-5] 0 [0-12] 0.71
% PB basophils 3 [0-15] 3 [0-19] 0.79
% BM blasts 2 [0-14] 2 [0-13] 0.70
% BM basophils 3 [0-11] 2 [0-15] 0.40
Sokal risk*, N. (%)   Low 51 (84) 271 (67) 0.03

Intermediate 8 (13 104 (26)
High 2 (3) 32 (8)

Ph+ >90 % 54(89) 370/406 (91) 0.48
CE (%) 3 (5) 17/403 (4) 0.74
Median duration of therapy 39 (2-127) 52 (0.1-129.5) 0.07
Median duration of follow up 60 (4-127) 72 (2.7-370) 0.48
CML duration (months) 1 [0-12] 1 [0-8] 0.51
PB: peripheral blood; BM: bone marrow; CE: clonal evolution. * At the time of diagnosis. 

Table 2. Response to therapy according to age group.
Response N./n. evaluable (%) [95% CI] P

Total Age 15-29 yrs Age ≥30 yrs

CCyR 420/457 (92) 48/57 (84) 372/400 (93) 0.03
[72-93] [90-95]

MMR 385/455(85) 43/57 (75) 342/398 (86) 0.049
[62-86] [82-89]

CMR 175/455 (39) 13/57 (23) 162/398 (41) 0.01
[13-36] [36-46]
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pared to older adults, with 5-year rates of 71% and 82%,
respectively (P=0.07), with no significant difference in sur-
vival free from transformation (87% for AYA vs. 94% for
older adults, P=0.44) or overall survival (95 % vs. 93%,
respectively, P=0.35) (Figure 1). The cause of death for the
3 AYA patients was one after transformation to BP, one
from complications of allogeneic SCT, and one a car acci-
dent.  Among the AYA group, a total of 7 patients have
received allogeneic SCT after failing initial TKI therapy. 

Discussion

The outcome of patients with CML has improved sig-
nificantly since the introduction of TKI as initial therapy
for this disease. Front-line therapy with imatinib,2 nilo-
tinib5,7,19 and dasatinib6,20 have yielded excellent results,
with rates of CCyR of 80-90% and EFS of over 80% at five
years. There has been considerable attention given to the
prognostic significance of age in the outcome of patients
treated with TKI. However, most of the attention has
been devoted to the older patient population. This is prob-
ably because the median age of patients with CML is
reported to be approximately 67 years,10,21 although the
most recent studies report a median age of patients
enrolled of between 45 to 55 years. Before the era of TKI,
older patients were reported to have a poorer prognosis.
This was due to the poor tolerance to interferon therapy
in this age group22 and the limited availability of stem cell
transplant options for older patients. With TKI, the impact
of older age has been greatly minimized and nearly elimi-
nated, with excellent results reported for older patients
treated with imatinib.23,24 Still, it has been suggested that
these patients may not tolerate TKI as well as younger
patients,25 perhaps explaining why the older population is
more frequently not offered therapy with TKI.26,27
The impact of age has been explored much less fre-

quently in the younger population, and more specifically,
in AYA (i.e. those in an age group variably defined but usu-
ally ranging from around 15 to around 29 years). An
important reason for the paucity of reports in this patient
population is the low frequency with which CML is found
in this patient population. Still, this age group has been
attracting growing interest in oncology as a distinct patient
population with unique clinical characteristics, needs and

Table 3. Responses by TKI among AYA patients.
N./n. evaluable (%)

Imatinib Nilotinib Dasatinib Nilotinib/dasatinib
(n=35) (n=13) (n=13) vs. imatinib, P

CCyR at 12 mo 25/33 (76) 12/12 (100) 11/12 (92) 0.04
MMR at 12 mo 20/33 (61) 8/12 (67) 8/12 (67) 0.64
MMR at 18 mo 22/33 (67) 8/12 (67) 9/12 (75) 0.74

Table 5. Grade 3-4 toxicity and dose reductions according to age
group. Nilotinib (n=98).
Adverse event Age 15-29 yrs (n=13) Age ≥30 yrs (n=85)

N. (%) N. (%)

QTC prolongation/cardiac 1 8 2 2
Infection 0 0 2 2
Skin rash 0 0 2 2
Fatigue 0 0 3 4
Bone pain 0 0 4 5
Lipase 0 0 4 5
Liver function test 5 38 10 13
Hematologic
Neutropenia 3 23 8 9
Thrombocytopenia 2 15 7 8
Anemia 1 8 8 9

Dose reduced 5 38 23 27 (P=0.51)

Table 6. Grade 3-4 toxicity and dose reductions according to age
group. Dasatinib (n=89).
Adverse event Age 15-29 yrs (n=13)      Age ≥30 yrs (n=76)

N. (%) N. (%)

Depression 1 8 1 1
Liver function test 1 8 2 3
Skin rash 1 8 3 4
G.I. (N/V/diarrhea)* 2 15 3 4
Lipase 0 4 5
Neuropathy 0 5 6
Fatigue 1 8 5 6
Bone/chest pain 4/0 31/0 6/2 8/3
Fever/infection 2/0 15/0 9/2 12/3
Hematologic
Neutropenia 6 46 19 25
Thrombocytopenia 4 31 9 12
Anemia 5 38 3 4

Dose reduced 6 46 35 46 (P=1.0)

G.I.: gastrointestinal; N/V: nausea/vomiting.

Table 7. Grade 3-4 toxicity and dose reductions according to age
group. Imatinib (n=281).
Adverse event Age 15-29 yrs Age ≥30 yrs (n=76)

(400 mg,n=11;  (400 mg, n=62; 
800 mg, n=24) 800 mg, n=184)

N. (%) N. (%)

Mood, depression 0,1 0,4 0,4 0,2
Fluid retention 0,0 0,10 0,5
Bone/chest pain 0,1 0,4 2,11 3,6
G.I. (N/V/diarrhea) 0,2 0,8 2,14 3,8
Fatigue 0,0 3,14 5,8
Skin rash 1,0 9, 3,22 5,12
Liver function test 2,4 18,17 5,11 8,6
Hematologic
Neutropenia 2,12 18,50 11,60 18,33
Thrombocytopenia 0,12 0,50 10,42 16,23
Anemia 0,2 0,8 4,20 6,11

Dose reduced 1,8 9,33 17,117 27 (P=0.44), 
64 (P=0.01)

Table 4. Median time to response according to age group.
Response Median time (range) in months P

Total Age 15-29 yrs Age ≥30 yrs
CCyR 3 (2-64) 3 (3-12) 3 (2-64) 0.94
MMR 6 (2-78) 9 (3-42) 6 (2-78) 0.001
CMR 24 (3-84) 12 (3-72) 24 (3-84) 0.02
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outcome. The field of adolescent and young adult oncolo-
gy has been emerging over the past decade in large part
due to the fact that malignancy is recognized as the lead-
ing cause of disease-related death among young adults in
the United States.11 Approximately 260,000 AYA are diag-
nosed with cancer every year.28-30 While it is encouraging
that the overall survival for childhood cancer has greatly
improved over the past four decades with 5-year survival
rates now approaching 80%,31 the outcomes for young
adults with many malignancies have not yet reflected this
improvement in tumors as diverse as brain tumors,
leukemias, some epithelial cancers, and sarcomas.11,29
There is a plethora of special issues significant to the

AYA cancer population that has a profound impact on
access, delivery and quality of care. One of these concerns
the unique pharmacology, body and drug metabolism of
the AYA population.32 One study in particular examined
age and imatinib pharmacokinetics in children and young
adults. In 41 patients taking imatinib, it was found that
body weight was the only variable that was significantly
related to imatinib clearance.33 While there was no statis-
tically significant association with age, it is noteworthy
that body weight can frequently be a rapidly changing
parameter in many AYA patients.33
Adherence to therapy is a particularly important facet of

care. Several studies have demonstrated that poor adher-
ence and inadequate drug dosing is associated with
increased relapse and decreased survival in younger age
leukemia patients.24-26
In CML, recent studies have demonstrated that adher-

ence to therapy might be the most important factor asso-
ciated with outcome.37 Non-adherence has been reported
in 27% to 60% of AYA cancer patients.36,38-41 Most studies
have demonstrated that adherence rates are lower in ado-
lescent cancer patients than with either younger or older
cancer patients, even when taking into account treatment
on similar protocols with the same disease entities.36,42-45
With an oral, self-administered therapy that is given for
long (indefinite) periods of time, such as TKIs in CML,
non-adherence becomes an even bigger issue.  A multi-
tude of other concerns should be considered for the AYA
population including fertility,46,47 pharmacology and
metabolism, development of late effects of treatment
including secondary neoplasms, and access to health insur-
ance and health care. These are all, indeed, considerations
that have a huge impact on outcomes in this unique pop-
ulation. However, little information is available on these
issues for the CML patients in general and AYA patients in
particular.  
With regards to hematologic malignancy, and leukemia

patients in particular, very few studies have specifically
examined the AYA population.48 Several studies have high-
lighted the outcomes in ALL and, more recently, AML.49
However, to our knowledge, this is the first report to
address CML in AYA. This group represents only 13% of
all CML patients treated with TKI at our institution during
the study period.  While the median age of CML is report-
ed to be approximately 66 years in the US, CML also
occurs, albeit rarely, in childhood, making up less than
10% of all CML cases.50 Notable differences in presenta-
tion of the disease include higher median WBC in pedi-
atric than adult populations, and the fact that
splenomegaly is more commonly found in those patients
with a higher WBC count.51,52 While there are now several
scoring systems for the general/adult CML population,

these have been developed in the more typical, older pop-
ulations. None of them has been specifically developed or
validated in the pediatric or AYA populations.50 In the past,
stem cell transplant was thought to be the best upfront
treatment for younger populations. But with the success

Outcomes in CML AYA 
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Figure 1. Long-term outcome of CML patients treated with TKI as ini-
tial therapy according to age group. (A) Event-free survival. (B)
Transformation-free survival. (C) Overall survival.
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of TKI in older patients, TKI therapy has now become
standard front-line treatment for pediatric and AYA popu-
lations.50,53,54
Unexpectedly, we observed that the response rate for

AYA patients is lower than that seen in older patients. In
our analysis, younger patients tend to have a lower Sokal
risk score, with 51 of 61 (84%) patients having low Sokal
score. The EUTOS score55 was also calculated; this
showed 92% of the AYA patients to have a low-risk
EUTOS score. Notably, both scoring systems include
spleen size, but only the Sokal score includes age as one of
its parameters. Also, the median age in the cohort used to
determine both scoring systems was older than the AYA
group: median age EUTOS group 52 years, mean age
range for original Sokal group 38-49 years.56 It would be of
interest to investigate whether other biological or molecu-
lar determinants of the disease, such as the expression or
activity of hOCT1 or the MDR phenotype, may vary in
this patient population compared to older patients. Second
generation TKIs appear to confer a better outcome com-
pared to imatinib with a higher rate of CCyR. It is possible
that other factors, such as adherence to therapy and avail-
ability of insurance, may play a role in the lower response
rate. It is noteworthy that in all of the studies included in
our analysis, TKI medication was provided as part of the
study protocols in which these patients were included, at
no cost to the participants.  However, even routine clinic
visits may represent a considerable financial and/or logis-
tical burden to AYA patients with poor or no medical
insurance coverage. Still, there was no significant differ-
ence in long-term outcome to that of the older patients.
There was a trend for a shorter event-free survival that

does not, however, reach statistical significance probably
because of the small sample size. However, none of the
patients transformed on therapy and therefore most
patients could be salvaged with subsequent therapy,
including SCT in 7 AYA patients. Outcome with SCT in
younger patients with CML after imatinib failure has been
reported to be excellent.57 Those not eligible for SCT may
also have a favorable outcome with 2nd TKI such as dasa-
tinib or nilotinib. 
In conclusion, AYA patients with CML tend to have a

lower response rate to initial TKI therapy. The reasons for
this need to be further defined but may have both biologi-
cal as well as non-biological features, for example, psycho-
social elements including adherence to therapy and access
to healthcare and medical insurance. AYA patients need to
be followed closely to ensure adequate response to therapy
and those who do not achieve optimal response should
have the opportunity of being offered timely and appropri-
ate alternative therapies. Future studies aimed at this
unique patient population should address any differences
in disease biology, as well as more specifically adherence
and other factors that may affect outcome. 
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