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Risk–Benefit Analysis of Pediatric-Inspired Versus
Hyperfractionated Cyclophosphamide, Vincristine,

Doxorubicin, and Dexamethasone Protocols for Acute
Lymphoblastic Leukemia in Adolescents and Young Adults
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Purpose: To estimate the risk–benefit trade-off of a pediatric-inspired regimen versus hyperfractionated
cyclophosphamide, vincristine, doxorubicin, and dexamethasone (hyper-CVAD) for first-line treatment of ado-
lescents/young adult (AYA; ages 16–39 years) patients with Philadelphia-negative acute lymphoblastic leukemia.
Methods: Patient outcomes were simulated using a 6-state Markov model, including complete response (CR), no
CR, first relapse, second CR, second relapse, and death. A Weibull distribution was fit to the progression-free
survival curve of hyper-CVAD–treated AYA patients from a single-center study, and comparable patient data
from a retrospective study of pediatric regimen–treated AYA patients were utilized to estimate a relative pro-
gression difference (hazard ratio = 0.51) and model survival differences. Health-state utilities were estimated based
on treatment stage, with an assumption that the pediatric protocol had 0.10 disutility compared with hyper-CVAD
before the maintenance phase of treatment. Total life-years and quality-adjusted life-years (QALYs) were com-
pared between treatment protocols at 1, 5, and 10 years, with additional probabilistic sensitivity analyses.
Results: Treatment with the pediatric-inspired protocol was associated with a 0.04 increase in life-years, but a
0.01 decrease in QALYs at 1 year. By years 5 and 10, the pediatric-inspired protocol resulted in 0.18 and 0.24
increase in life-years and 0.25 and 0.32 increase in QALYs, respectively, relative to hyper-CVAD. The lower
quality of life associated with the induction and intensification phases of pediatric treatment was offset by more
favorable progression-free survival and overall survival relative to hyper-CVAD.
Conclusions: Our exploratory analysis suggests that, compared with hyper-CVAD, pediatric-inspired protocols
may increase life-years throughout treatment stages and QALYs in the long term.

Keywords: acute lymphoblastic leukemia, hyper-CVAD, Markov model, pediatric inspired, progression-free
survival, risk–benefit

Introduction

Acute lymphoblastic leukemia (ALL), a serious and
potentially fatal hematologic disorder, is the most

common malignancy in the pediatric population, accounting
for almost 30% of childhood cancers and 6% of cancers in
adolescents.1 While the highest incidence of ALL is among
children aged <5 years,2 treatment outcomes in adolescents
and young adults (AYAs, ages 16–39 years) are poorer

compared with childhood outcomes due to unfavorable cy-
togenetic features associated with increasing age, a higher
incidence of precursor T-cell immunophenotype, higher he-
moglobin levels at diagnosis, and a lower incidence of lym-
phomatous features in AYAs.3–5

Among the prognostic cytogenetic features of ALL is the
presence of the Philadelphia chromosome, which is strongly
associated with poorer outcomes.6 Most of the available
clinical evidence for treatment and outcomes in the AYA
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population is for Philadelphia-negative patients since only
*5%–25% of AYA patients have Philadelphia-positive
ALL,7 although this frequency is notably higher compared
with pediatric ALL patients (2%–3%).8,9 While recent im-
provements in early detection and treatment of ALL have led
to substantial survival gains in the overall ALL population in
the United States, survival remains relatively poor in AYA
patients,10 likely due, at least in part, to differences in treat-
ment approaches and oncology team experience.5

Hyperfractionated cyclophosphamide, vincristine, doxoru-
bicin, and dexamethasone (hyper-CVAD), which has demon-
strated efficacy in ALL and in other hematologic malignancies,
including Burkitt’s disease, lymphoblastic lymphoma, mantle
cell lymphoma, and multiple myeloma, is a commonly used
protocol in the adult ALL population.11,12 Alternatively, pe-
diatric regimens have shown improved outcomes in AYA
patients treated with intensified postremission strategies in
adult cooperative group studies, however, these regimens have
not been directly compared with hyper-CVAD regimens.13–16

Pediatric-inspired protocols utilize higher doses of non-
myelosuppressive agents, including l-asparaginase, a drug
that has been used in pediatric ALL therapy since the
1960s.13,15 Nonetheless, pediatric protocols are thought to be
less tolerable and to lead to increased adverse events in
AYAs, relative to pediatric patients.16,17

Additional issues with determining pediatric-protocol
outcomes in AYAs include the following: (1) ALL is rela-
tively uncommon in this population, meaning these patients
are often treated in clinical practice by either pediatric or
adult oncologists who may use different protocols, and (2)
AYAs have low rates of access to and accrual on clinical
trials.18 Thus, not only are pediatric protocols less likely to be
used in AYAs in clinical practice but to date, no randomized
controlled trials have comparatively studied a pediatric reg-
imen versus an adult regimen such as hyper-CVAD in the
AYA population.

A quantitative evaluation of the risks and benefits of pe-
diatric versus hyper-CVAD therapy in AYA ALL patients
may provide useful guidance for patient-specific treatment
decisions and development of treatment guidelines. The
objective of this analysis was to estimate the risk–benefit
trade-off of a pediatric-inspired regimen compared with
hyper-CVAD for first-line treatment of AYA patients with
Philadelphia-negative ALL. We thus used a decision-
analytic model to ascertain the relative risks and benefits
of these strategies to inform clinicians and other decision
makers in the absence of a definitive clinical trial.

Methods

Model rationale

Our initial aim was to model clinical-trial evidence from a
direct comparison of pediatric regimens with hyper-CVAD in
the target population. We first performed a literature search to
identify clinical trials evaluating the use of hyper-CVAD in the
treatment of AYA patients with ALL. We searched PubMed
using the keywords ‘‘hyperCVAD’’ or ‘‘hyper-CVAD’’ and
‘‘acute lymphoblastic/lymphocytic leukemia/lymphoma.’’
Abstracts from all English language clinical trials published
between 2000 and 2013 were reviewed and manually evalu-
ated for relevance. A total of 23 relevant publications were
identified; however, no prospective comparison of pediatric-

inspired versus hyper-CVAD treatment protocols was found.
We thus focused on identifying studies with comparable first-
line Philadelphia-negative AYA ALL patient populations
from the two treatment protocols of interest. Because no
clinical trials directly comparing pediatric-inspired versus
hyper-CVAD outcomes were identified, we chose a decision-
analytic–modeling framework that utilized patient data from
two population-appropriate studies19,20 and made simplifying
assumptions to structure our exploratory analysis.

Decision-analytic modeling provides a structured method
for quantitatively assessing complex clinical data that is also
useful for gaining a better understanding of the impact of data
uncertainty.21 Such a model enables indirect comparisons of
outcomes under different treatment conditions and can be
used for evaluation of life expectancy and quality-adjusted
life expectancy. Furthermore, incremental benefit can be
estimated using the metric of quality-adjusted life-years
(QALYs), which provides a pragmatic way to combine two
dimensions of health—life duration and health status—into
an index that allows for direct comparison of benefits and
harms. The incremental health benefit of a treatment in
comparison with standard treatments is calculated as the in-
cremental difference between effectiveness and risk (both
measured using QALYs) at specified time points. A favorable
risk–benefit balance exists when the expected QALY gains as
a result of treatment efficacy exceed the expected losses from
treatment risks (e.g., adverse events) in order for the net
health benefit to be positive.21

Model structure

This analysis used a 6-state Markov model (Fig. 1) to
evaluate the risks and benefits of using a pediatric-inspired
protocol compared with hyper-CVAD. In the model, patients
could transition every month among the potential outcomes of
initial complete response, no complete response, first relapse,
second complete response, second relapse, and death. Fol-
lowing induction therapy, hypothetical patients entered the

CR1

Dead

Relapse 1

No CR1

Relapse 2

CR2

Newly diagnosed
Ph– ALL patients who

survive induction

FIG. 1. Markov health-state transition model. Patients could
transition among the health states at intervals of 1 month, with a
total time horizon of 10 years. ALL, acute lymphoblastic leu-
kemia; CR1, initial complete response; CR2, second complete
response; Ph-, Philadelphia-negative.
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model in either the complete response or no complete response
health state based on response data from the two AYA stud-
ies19,20; patients could remain in their current health state,
experience a remission, experience a relapse, or die. We lim-
ited our analysis to a 10-year time horizon, since curve fits
may overestimate progression-free survival changes beyond
study-reported follow-up time, with an assumption that the risk
of relapse ended if a patient spent 5 years in the initial complete

response health state. Model evaluations were performed for
the cumulative time periods of 1, 5, and 10 years.

Population

Patients modeled for the hyper-CVAD protocol (Table 1)
were from a single-center, long-term, follow-up study of
hyper-CVAD in 288 patients, of whom 17% were Philadel-
phia chromosome–positive.19 While the median age of the
patients in the overall study was 40 years, the 5-year survival
outcomes (although not survival curves) were stratified by
age, enabling data extraction for the population aged <40
years; the 5-year progression-free survival rate for patients
aged <40 years was 44%. In the absence of further stratifi-
cation of this age group by Philadelphia-chromosome status,
we made the simplifying assumption that this survival rate
was equivalent to that of a Philadelphia-negative population.

For the pediatric protocol, comparable patient data were used
from a retrospective study of 85 patients treated with a pediatric-
inspired regimen (Table 1).20 Patients in this study had a median
age of 37 years (18–60 years), all were Philadelphia chromo-
some–negative, and were initiated on a modified Dana Farber
Cancer Institute pediatric protocol (DFCI 91-01). Age-stratified
data for the population aged <35 years were used for the model
to reflect the AYA population. The 3-year progression-free
survival rate was 77% for patients aged p35 years and 60%
for patients aged >35 years. Because the reference hyper-
CVAD population was aged <40 years, we assumed patients
aged <40 years on the pediatric protocol had a 3-year
progression-free survival of 70%, which is between the
stratified estimates for patients aged p35 and >35 years.

S
u

rv
iv

al
 R

at
e 

(%
)

100

100

80

80

60

60

40

40

20

20
0

0

Month

Modeled PFS, Hyper-CVAD
Modeled PFS, Pediatric

120

FIG. 2. Estimation of progression-free survival for model
input based on studies of hyper-CVAD19 or pediatric-inspired
protocols.20 Hyper-CVAD, hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone; PFS,
progression-free survival.

Table 2. Parameters Used in the Base Case and Probabilistic Sensitivity Analyses

Parameter
Base case,

value (range)

Probabilistic sensitivity analysis

Distribution
type Source

Hyper-CVAD outcomes
Probability induction death 0.02 (0.00–0.04) Beta Kantarjian et al.19

Probability complete response 0.95 (0.92–0.99) Beta Kantarjian et al.19

Probability complete response after 1 course 0.81 (0.85–0.87) Beta Kantarjian et al.19

5-year progression-free survival 0.44 (0.36–0.52) Beta Kantarjian et al.19

Pediatric outcomes versus hyper-CVAD
Relative risk induction death 1.50 (0.15–15.22) Log-normal Kantarjian et al.19

and Storring et al.20

Relative risk complete response 1.03 (0.97–1.09) Log-normal Kantarjian et al.19

and Storring et al.20

Hazard ratio progression-free survival 0.51 (0.41–0.61) Log-normal Assumption

Global outcomes (both therapies)
Month progression risk ends 60 (48–72) Normal Assumption
Probability of progression survival 0.93 (0.86–0.99) Beta Storring et al.20

Probability second complete response 0.09 (0.00–0.26) Beta Storring et al.20

Probability second progression 0.90 (0.83–0.97) Beta Assumption
Percent transplant candidates pediatric 0.16 (0.13–0.19) Beta Storring et al.20

Percent transplant candidates hyper-CVAD 0.42 (0.33–0.50) Beta Kantarjian et al.19

Utility parameters
Induction 0.65 (0.52–0.78) Beta Assumption
Intensification 0.60 (0.48–0.72) Beta Assumption
Maintenance 0.75 (0.60–0.90) Beta Assumption
Posttherapy 0.85 (0.68–1.00) Beta Assumption
Progression 0.60 (0.48–0.72) Beta Assumption
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Model assumptions and inputs

The two primary assumptions we used in developing the
model were that (1) results are driven by progression-free
survival such that an overall survival advantage is due to a
difference in relapse, and (2) after the first relapse, survival
trajectory would be equal for both protocols. Hyper-CVAD
progression-free survival was modeled by fitting a Weibull
distribution to the progression-free survival curve of the
overall hyper-CVAD population. We then adjusted the
hyper-CVAD curve so that the 5-year progression-free sur-
vival matched the age-stratified estimate of 44%. Based on
the progression-free survival point estimates in the two
groups, we calculated a hazard ratio of 0.51, fitting a second
curve for the pediatric-inspired treatment group to reflect that
hazard ratio between the two groups. We modeled a wide
uncertainty range in the hazard ratio (–40%) due to the as-
sumptive nature of the survival estimates (Fig. 2).

We were unable to identify utility estimates specific to ALL
in the AYA population through review of the published liter-
ature. Health-state utilities were thus estimated based on
comparison with other leukemia studies and differentiated by
(1) treatment stage, and (2) progression-free versus progressed
states, with the assumption that the pediatric-inspired protocol
had a 0.10 disutility in progression-free survival compared
with hyper-CVAD before the maintenance phase of treatment.
This disutility was incorporated because of the perceived po-
tential for increased adverse events and intolerability. We as-
sumed that adverse event-specific disutilities associated with
treatment were implicit in this estimate. The utilities were then
applied to treatment stage and overall survival to calculate
overall QALYs for both treatment protocols.

Analysis

The primary outcomes were total life-years and total
QALYs for each regimen, estimated in the base case using
values derived from the two observational AYA ALL studies
as described above (Table 2). These estimated values were
then used to determine the incremental health benefits for the
pediatric-inspired protocol relative to hyper-CVAD, defined
as the estimated life-years and QALYs from the pediatric
protocol minus the life-years and QALYs from the hyper-

CVAD protocol. In addition, we conducted one-way (uni-
variate) and probabilistic sensitivity analyses to evaluate the
uncertainty associated with all model parameters. In the
probabilistic sensitivity analysis, parameters were assigned
distributions with values as shown in Table 1. The model was
run for 10,000 simulations, and 95% credible ranges were
calculated, that is, the interval for which the point estimate
has a 95% probability of being contained.

Results

Within the first year, the pediatric-inspired protocol re-
sulted in a gain of 0.82 life-years, while patients treated with
hyper-CVAD gained 0.77 life-years, resulting in a difference
of 0.04 (95% credible range, 0.03–0.06) life-years favoring the
pediatric-inspired protocol (Table 3). However, the pediatric-
inspired protocol was also associated with a slight decrease
in QALYs gained within the first year, a decrease of -0.01
(95% credible range, -0.01 to 0.01) QALYs relative to
hyper-CVAD (Table 3).

By years 5 and 10, both the life-years gained and the QALYs
gained with the pediatric-inspired protocol were greater than
achieved with the hyper-CVAD protocol (Table 3). These
greater gains resulted in incremental differences of 0.25 (95%
credible range, 0.15–0.39) life-years and 0.18 (95% credible
range, 0.05–0.33) QALYs at 5 years, and 0.32 (95% credible
range, 0.18–0.49) life-years and 0.24 (95% credible range,
0.09–0.42) QALYs at 10 years, favoring the pediatric-inspired
protocol.

The model results were robust to parameter uncertainty.
One-way sensitivity analysis at 10 years showed that the
pediatric versus hyper-CVAD relative risk for complete re-
sponse, the pediatric versus hyper-CVAD hazard ratio for
progression-free survival, and utility estimates were the most
influential parameters on incremental QALY results (Fig. 3A).
For incremental life-years, the most influential parameters
were likewise the pediatric versus hyper-CVAD relative risk
for complete response and the pediatric versus hyper-CVAD
hazard ratio for progression-free survival (Fig. 3B). None of
the variability in individual parameters resulted in hyper-
CVAD having greater QALYs or life-years at 10 years. In
probabilistic sensitivity analysis, the pediatric regimen had

Table 3. Model Results of Life-Years and Quality-Adjusted Life-Years Comparisons

Outcome

Value (95% credible range)a

Pediatric-inspired protocol Hyper-CVAD protocol Differenceb,c

1 year
Life-years 0.82 (0.80–0.83) 0.77 (0.75–0.79) 0.04 (0.03–0.06)
QALYs 0.51 (0.43–0.58) 0.51 (0.43–0.59) -0.01 (-0.09 to 0.08)

5 years
Life-years 1.88 (1.73–2.01) 1.63 (1.45–1.79) 0.25 (0.15–0.39)
QALYs 1.36 (1.16–1.55) 1.18 (0.97–1.37) 0.18 (0.05–0.33)

10 years
Life-years 2.12 (1.92–2.29) 1.80 (1.57–2.01) 0.32 (0.18–0.49)
QALYs 1.56 (1.32–1.80) 1.32 (1.09–1.55) 0.24 (0.09–0.42)

a95% credible range derived from probabilistic sensitivity analysis.
bCalculated as pediatric protocol minus hyper-CVAD protocol.
cValues rounded to the nearest 100th.
QALYs, quality-adjusted life-years.
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greater QALYs and life-years in at least 95% of simulations at
both 5 and 10 years postinduction.

Discussion

To our knowledge, this exploratory analysis is the first
comparative quantitative assessment of the potential benefits
and harms associated with a pediatric-inspired protocol
versus a hyper-CVAD protocol for the treatment of
Philadelphia-negative AYA ALL. Results from the decision-

analytic model suggest that AYA patients treated with the
pediatric-inspired protocol experience a decrease in QALYs
despite an increase in life-years versus hyper-CVAD during
the initial stages of treatment. This decrease, although quite
small, is consistent with the reported lower tolerability of
pediatric protocols when they are used in AYAs, relative to
use in a pediatric population.16,17 However, over the longer
term, the lower quality of life associated with the induction
and intensification phases of the pediatric-inspired treatment
was largely offset by more favorable progression-free

A

B

FIG. 3. (A, B) Results of one-way sensitivity analysis. The impact of individual parameter ranges on model results is
presented as tornado diagrams. Parameters with larger horizontal bars exhibit greater impacts on results. Gray bars indicate
the low estimates in the parameter range and black bars indicate the high estimates in the parameter ranges. CR, complete
response; HR, hazard ratio; QALYs, quality-adjusted life-years; pediatric, pediatric-inspired protocol; PFS, progression-free
survival; pr, probability; RR, relative risk.
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survival and overall survival in comparison with hyper-
CVAD. Notably, the pediatric-inspired protocol resulted in a
slight increase in life-years throughout all treatment stages,
including the induction phase.

These results support recent calls from a small contingent
of stakeholders for utilizing pediatric treatment protocols,
including asparaginase, in this patient population.22,23 Recent
prospective clinical studies, as well as a meta-analysis, have
also shown evidence of tolerability and survival that supports
a pediatric-inspired treatment regimen in the AYA patient
population.15,24–28 These studies have suggested encouraging
survival outcomes for pediatric regimen–treated AYAs, with
survival outcomes approaching those of younger chil-
dren.13,29–32 The GRAALL 2003 study investigators retro-
spectively compared 214 pediatric protocol–treated AYA
and adult patients (aged 15–60 years) with Philadelphia
chromosome–negative ALL to 712 adult regimen–treated
AYA and adult patients (aged 15–55 years) with Philadelphia
chromosome–negative ALL in the LALA-94 trial. The
pediatric-treated patients showed improvement in both 42-
month event-free survival (57% vs. 33%, respectively) and
overall survival (61% vs. 41%, respectively).23,28 Similar re-
sults were observed for event-free survival and overall survival
in studies that have included both B-cell and T-cell ALL.29

More recently, Rytting et al. showed that 106 patients
treated with augmented Berlin-Frankfurt-Münster therapy,
including asparaginase, in AYAs were not associated with
significant improvements in complete remission and overall
survival compared with 102 patients receiving a hyper-
CVAD regimen.33 However, hyper-CVAD patients in this
study with B-lymphocyte antigen CD20 expression >20%
received an augmented hyper-CVAD regimen with CD20
monoclonal antibodies, rituximab (45 patients) or ofatumu-
mab (6 patients), which likely explains the similar outcomes
between cohorts in this single-center study. We excluded this
study from consideration in our analysis to focus on the
comparison to a traditional hyper-CVAD regimen, but we
recognize that augmented hyper-CVAD regimens represent a
promising approach to treatment in populations with high
CD20-positive expression.

The National Comprehensive Cancer Network (NCCN)
recently listed pediatric-inspired protocols as the preferred
regimen for AYA patients aged 15–39 years.34 However,
despite the accumulating evidence suggesting the utility and
benefits of pediatric protocols for the treatment of AYA pa-
tients with ALL, substantial barriers remain for the use of
these protocols, including the lack of high-level evidence in
the form of randomized controlled trials. In addition, AYAs
represent a small group of patients, and this population is
often treated by adult oncologists at a diversity of cancer
centers and who therefore see fewer of these patients.16

While adverse events and intolerability have been considered
a barrier to pediatric protocols, with certain toxicities (hep-
atotoxicity, in particular) reported as a more common prob-
lem in older individuals, accumulative evidence suggests the
manageability of these toxicities.5

Of note, the Prospective U.S. Intergroup Trial C10403
demonstrated that pediatric-regimen toxicities were man-
ageable, with low treatment-related mortality (2%) and
treatment with the pediatric regimen is feasible when ad-
ministered by adult hematologist/oncologists to an AYA

population aged up to 40 years.35 A large (N = 1368)
compassionate-use trial evaluated the safety and toxicity of
asparaginase Erwinia chrysanthemi in patients of various
ages. The study included 147 AYA patients (aged 16–39
years) and reported that the safety profile of asparaginase
E. chrysanthemi in these patients was consistent with that
found in the overall population.25

Limitations

Because there are no randomized controlled trials com-
paring the two treatment approaches being analyzed, the
model relies on an indirect comparison between two studies
from the literature. We chose these two studies after systematic
literature review showed them to be the most comparable in
regard to patient characteristics. However, they were not the
same in all respects, and we had to rely on certain assumptions
and adjustments. Furthermore, the model incorporated data
from a specifically modified pediatric protocol, and thus the
reported results may not necessarily be generalizable to other
pediatric protocols. Similarly, the patient populations for both
protocols were derived from studies that were not exclusively
AYA patients, although data were extracted based on age-
stratified results within these studies. Additional limitations
include the need for assumptions regarding outcomes in
Philadelphia-negative patients, since the hyper-CVAD source
included a mixed population with regard to this cytogenetic
marker and assumptions for utilities due to lack of definitive
estimates. Last, we excluded studies that included patients
treated with an augmented hyper-CVAD regimen, which may
bias our results to favor pediatric therapy.

Conclusions

Results from this decision-analytic model suggest that
pediatric-inspired protocols may increase life-years through-
out treatment stages and QALYs in the long term for AYA
patients with Philadelphia-negative ALL. The model estimates
that, while these patients may experience a decrease in QALYs
versus hyper-CVAD during the initial stages of treatment for
ALL, the pediatric-inspired protocol would lead to an overall
increase both in life-years and QALYs in the longer term
following the initial stages of treatment.
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