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Aim. Te Hyper-CVAD regimen has shown promising results for adult patients with acute lymphoblastic leukemia (ALL), as
designed by theMDAnderson Cancer Center (MDACC).Tis treatment has resulted in a complete remission rate of 92% and a 5-
year overall survival of 38%. However, given the diversity of patient demographics and institutional methods, outcomes may difer
between various institutions.Tis study will compare the outcome of adult ALL patients treated with the Hyper-CVAD regimen in
Iran with those obtained in the original series presented at the MDACC. Patients and Method. In this retrospective study, we
evaluated the 2-year leukemia-free survival (LFS) and the 2-year overall survival (OS) of 70 ALL patients treated between 2014 and
2019 in the Seyed Al-Shohada Hospital in Isfahan, Iran. Results. In total, 59 ALL patients (84.28%) achieved complete remission
(CR).Te CR rate had statistical diferences by bonemarrow transplantation (BMT) andWBC count.Te 2-year LFS and OS were
40% and 42%, respectively. Tere were signifcant diferences in LFS and OS by BMT, myeloid marker, and WBC count.
Conclusion. Te outcome of the traditional Hyper-CVAD regimen in treating adult ALL was not satisfying. More efcient
therapies should be applied for the treatment of adult ALL.

1. Introduction

Acute lymphoblastic leukemia (ALL) is an aggressive he-
matological malignancy in which the normal process of
hematopoietic cell maturation is disrupted. Te lymphoid
progenitor cells are suppressed at an early stage of difer-
entiation, proliferating rapidly and replacing the bone
marrow’s normal hematopoietic cells.Te worldwide annual
incidence of ALL is approximately one case in every 100,000
people [1]. Te incidence of ALL peaks aggressively in
children aged one to four years then peaks again among
adults from the age of 50. Although ALL is the most
common malignancy in children, it is rare in adults, ac-
counting for one percent of all adult cancers. Te treatment
of childhood ALL is a real success story in oncology,

resulting in a highly curable disease with long-term survival
rates (>90%). However, the ALL survival rate decreases
sharply with age, and adult acute lymphoblastic leukemia
has a poor prognosis with a highmortality rate [2]. Although
most patients reach complete remission following the initial
chemotherapy treatment, the cure rate of adult ALL is as low
as 20–40% and most of them fnally develop relapse [3].
Hence, the management of ALL in adult patients is still
challenging. Evidence exists to show that more aggressive
chemotherapeutic regimens for ALL have improved the
survival rate. Te dose-intensive regimen known as Hyper-
CVAD (hyperfractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethasone)/HD MTX-Ara-C
(high-dose methotrexate and cytarabine) was established
in 1992 and has since become the standard of care for ALL.
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Tis treatment plan involves eight cycles of intensive Hyper-
CVAD therapy alternated with HD MTX and Ara-C, fol-
lowed by 2.5 to 3 years of maintenance therapy.

Kantarjian and colleagues from MD Anderson Cancer
Center (MDACC) came up with this treatment plan that
adopted the fundamental therapeutic principles of pediatric
regimens. However, this regimen relied less on asparaginase
during remission induction [4]. Te outcome of patients
treated with the Hyper-CVAD regimen has been promising,
with a complete remission (CR) rate of 92% and 5-year
overall survival (OS) of 38% [5].

However, this regimen’s feasibility and results may vary
depending on the center, the frequency of poor prognosis
ALL, and exclusion criteria. Tis study compares the out-
come of adult ALL patients treated with the traditional
Hyper-CVAD regimen in Iran with those obtained in the
original series presented at MDACC.

2. Patients and Method

2.1. Study Design. A single-center retrospective study was
carried out at the Seyed Al-Shohada Hospital in Isfahan,
Iran, a tertiary care hospital focusing on hematological
malignancies.Te ethical committee of Isfahan University of
Medical Sciences approved the current study (ethical
number: IR.MUI.MED.REC.1400.332).

Seventy consecutive adult patients with ALL treated with
the Hyper-CVAD regimen were enrolled in this retro-
spective study between July 2014 and July 2019. Eligibility
criteria included ALL diagnosis, ages above 15, adequate
clinical information in the patient’s record, and contact
information to make a call if needed. Moreover, the co-
existence of other malignancies or lack of patient consent
was considered exclusion criteria. Te diagnosis of ALL was
based on bone marrow morphology and immunopheno-
typing. Demographic, laboratory, and clinical data were
collected from institutional databases that were continu-
ously updated. If the patient’s data were not wholly regis-
tered, the phone number indicated in the fle would be
contacted. After explaining the purpose of the study and
getting permission, they will be asked the desired questions.

2.2. Statistical Analysis. Data were analyzed using the SPSS
version 21.0 Statistical package (SPSS Inc., Chicago, IL,
USA). Qualitative and quantitative data were presented as
frequency (percentage) and mean± SD, respectively. De-
scriptive statistics were applied to explore and describe the
data. Data were analyzed by Chi-square test, t-test, Fisher
exact test, Mann–Whitney test, and Kaplan–Meier survival
analysis.

3. Results

3.1. Patients. Tis study included 70 ALL patients treated
with the Hyper-CVAD regimen. Table 1 displays the
characteristics of the patients, including a male-to-female
ratio of 1.33 (with 40 male and 30 female patients). Te
average age at diagnosis was 36.61± 13.88 years, with
a median age of 36.5 [16–73]. Most patients (77.1%) had B-

cell ALL, while 22.9% had T-cell ALL. Interestingly, 5.71% of
patients showed primary CNS involvement. Karyotype or
molecular analysis revealed that 18.6% of patients were
Philadelphia positive and 10% had myeloid markers (CD13,
CD33). Additionally, 22.8% of patients underwent bone
marrow transplantation (BMT) after receiving chemother-
apy. Te mean± SD of WBC and LDH was 42± 90×109/L
and 1905± 1765, respectively.

3.2. Treatment Results. Out of the 70 patients observed, 59
(84.28%) achieved complete remission (CR). Te data in-
dicated that BMT (p � 0.040) and WBC count (p � 0.033)
had statistical diferences in CR rate. However, gender, cell
lineage, BCR/ABL translocation, myeloid markers, or LDH
count did not show signifcant diferences in CR rate. During
the remission phase, 25 (42.3%) patients experienced bone
marrow (BM) relapse while 10 (16.9%) patients faced CNS
relapse. Among the 10 patients with CNS relapse, 5 had
isolated CNS relapse, 3 encountered CNS relapse following
BM relapse, and 2 had simultaneous BM and CNS relapse.

3.3. Survival Analysis. Te leukemia-free survival (LFS) curve
of patients is shown in Figure 1. Te mean± SD LFS time for
this study was calculated to be 32.971± 3.920months, and the
median± SD LFS time was found to be 13.300± 3.263months.
One-year LFS was 51%, and 2-year LFS was 40%. Tere were
statistical diferences in LFS by BMT (p � 0.030), myeloid
marker (p � 0.041), and WBC count (p � 0.017). However,
there were no signifcant diferences in LFS by gender, cell
lineage, presence of BCR/ABL translocation, or LDH count.
Moreover, as illustrated in Figure 2, the estimated mean± SD
OS in ALL patients was 37.31± 3.74months and the median
±SD OS was 22.53± 4.2months. One-year OS was 61%, and 2-
year OS was 42%. Statistically signifcant diferences were
observed in OS based on BMT (p � 0.026), myeloid marker
(p � 0.042), and WBC count (p � 0.025). However, there
were no notable statistical diferences in OS based on gender,
cell lineage, presence of BCR/ABL translocation, or
LDH count.

In this study, LFS and OS were also evaluated by cell
lineage and BMT. Te mean± SD LFS was estimated to be
34.1± 4.4 in B-cell ALL and 24.5± 6.7 in T-cell ALL. Te 2-

Table 1: Baseline characteristics of ALL patients treated with the
Hyper-CVAD regimen.

Baseline characteristics (N� 70)
Age mean± SD (years) 36.61± 13.88
Age median [min, max] 36.5 [16, 73]

Gender (%)
Female 30 (42.9)
Male 40 (57.1)

Cell lineage (%)
B-cell ALL 54 (77.1)
T-cell ALL 16 (22.9)

Primary CNS involvement (%) 4 (5.71)
Ph+ (%) 8 (18.6)
Myeloid marker (%) 6 (10)
Bone marrow transplantation 16 (22.8)
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year LFS was 40% in both groups. Similarly, the estimated
mean± SD OS in B-cell ALL was 37.1± 4.2, compared to
32.4± 6.6 in T-cell ALL. Te two-year OS in the B-cell group
was 41%, while in the T-cell group, it was 46%. Tus, there
were no signifcant diferences in LFS and OS by cell lineage,
as shown in Figures 3 and 4.

However, evidence shows a considerable diference in
LFS and OS based on BMT. BMT resulted in
49.5± 7.4months LFS and 52.9± 6.8months OS, whereas
the lack of BMT resulted in 23.8± 3.9months LFS and
28.5± 3.8months OS. Te 2-year LFS and OS in the BMT
group were both 62%, while in the non-BMT group, they
were 29% and 31%, respectively (Figures 5 and 6).

4. Discussion

Diferences in ALL biology, comorbidities, and patient
tolerance make the adult ALLmore complicated with poorer
outcomes than their pediatric counterparts. Despite novel
therapies developed for ALL, the outcome of patients in Iran
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Figure 1: Leukemia-free survival of ALL patients treated with the
Hyper-CVAD regimen.
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Figure 2: Overall survival of ALL patients treated with the Hyper-
CVAD regimen.
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Figure 3: Leukemia-free survival of ALL patients by the type of
malignancy.
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Figure 4: Overall survival of ALL patients by the type of
malignancy.
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is still disappointing and has not changed signifcantly over
the last decades. Tis condition may be due to the poor
survival of adult ALL patients, relapses without apparent
reason, and high treatment costs even in the remission
period [6]. More intensive chemotherapy regimens have
been shown to have a better outcome in adult ALL patients.
One of the most popular chemotherapeutic regimens for the
treatment of adult ALL is presently Hyper-CVAD. Te
Hyper-CVAD regimen was frst developed in the MDACC
with CR rates of 92% and a 5-year OS of 38% [5].

We compared the results of the Hyper-CVAD regimen
in the Iranian population with the previous studies. Te
prognostic factors observed in the present study showed

a similar trend to those reported in other studies that
evaluated Hyper-CVAD efciency. However, according to
novel therapeutics efciency, the outcome of the Hyper-
CVAD regimen is no longer satisfying and overall survival is
poor. Our observations indicated that 59 out of the total
patients (84.2%) achieved CR, which is consistent with the
fndings of the Buyukasik (84.2%) [7] and the Mehrzad
(84%) [8] studies, higher than that reported in the Jalaeikhoo
et al. (81.7%) [6] and Xu et al. (73.6%) [9] studies. However,
our study’s CR rate was lower than most studies, with CR
rates higher than 90% [1, 3–5, 10, 11].Te 2-year LFS and OS
in our study were notably lower than those reported in
similar studies, at 40% and 42%, respectively. However, these
results are consistent with the 5-year LFS and OS reported in
the original series presented at the MDACC, as well as other
comparable studies [1, 3–5].

Variations in the research demographics and the efcacy
of the salvage treatments used may be responsible for this
discrepancy. However, induction mortality, infectious
complications, and high rates of relapse in some populations
generally limit the traditional Hyper-CVAD regimen. Te
initial Hyper-CVAD regimen has undergone several re-
visions since its initial development to optimize it for various
patient demographics and safely combine innovative ther-
apies without compromising tolerability. Implementing
adjustments in maintenance and intensifcation, along with
the inclusion of innovative monoclonal antibodies, BCR::
ABL1 tyrosine kinase inhibitors (TKIs), and the utilization
of growth factors, has led to substantial improvements in
patient outcomes [12].

Monoclonal antibodies such blinatumomab [13], rit-
uximab [14], ofatumumab [15], and inotuzumab [16, 17]
have demonstrated enhanced response rates, better survival
outcomes, and reduced side efects and toxicities when
employed as part of the initial therapy regimen in combi-
nation with Hyper-CVAD. Te pairing of Hyper-CVAD
with blinatumomab (a bispecifc CD19 antibody) yielded an
85% CR rate at the two-year mark and halved the duration of
maintenance courses, reducing it from 30months to
15months [18]. Elderly patients could receive a reduced
treatment dosage and need fewer maintenance cycles, de-
creasing from three to one, yet they still achieved a re-
markable 96% overall response rate with the mini-
Hyper-CVAD regimen (with lower intensity and excluding
anthracycline) combined with inotuzumab (CD19 antibody)
and optionally blinatumomab [17]. Hyper-CVAD in com-
bination with ofatumumab was found to be signifcantly
superior to Hyper-CVAD combined with rituximab,
resulting in a 3-year overall survival (OS) rate of 98% [15].
Moreover, the use of blinatumomab in combination with
dasatinib for newly diagnosed Philadelphia chromosome-
positive acute lymphoblastic leukemia (Ph+ALL) resulted
in a 60% molecular response (MR), including a 41% com-
plete molecular response (CMR) and an 88% OS rate at
24months [19].

Te integration of BCR::ABL1 tyrosine kinase inhibitors
(TKIs) alongside intensive chemotherapy represented
a signifcant milestone in the treatment of Ph +ALL. Te
development of second and third-generation TKIs has
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Figure 5: Leukemia-free survival of ALL patients by the BMT.
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further enhanced the prospects for extended survival in
individuals with Ph +B-ALL, illuminating the unique
complexities associated with this specifc type of leukemia
[20]. Te inclusion of ponatinib, a third-generation pan-
BCL-ABL inhibitor, has resulted in a remarkable 100% CR
rate among patients with Ph +ALL [21]. Furthermore, the
necessity for allogeneic stem cell transplantation (SCT) is
found to be uncommon in these patients. Ponatinib, a re-
markably potent tyrosine kinase inhibitor, has demonstrated
outstanding efectiveness in managing T315I mutations, as
documented by Sasaki et al. in 2016. As a result, the com-
bination of Hyper-CVAD chemotherapy with ponatinib has
emerged as the established standard of care for patients
diagnosed with Ph +ALL [22].

In our study, the mean± SD of WBC count was
42± 90×109/L, which had signifcant diferences in responders
(27± 57×109/L) vs. non-responders (94± 157×109/L)
(p � 0.033). However, in MDACC research, leukocytosis was
not associated with diferences in CR rates [5]. Te mean± SD
of WBC count in patients who achieved 2-year OS was
16± 42×109/L whereas in patients who did not achieve 2-year
OS was 59± 109×109/L (p � 0.025). Tese statistical difer-
ences were similar to MDACC results [5]. In addition to WBC
count, BMT and myeloid markers also made signifcant dif-
ferences in survival outcomes. Despite other studies, the
Philadelphia abnormalities have no diferences in survival
through the current research [3, 5, 7]. Our study limitations
were inherent to its small sample size, retrospective model, and
lack of long-term follow-up. However, the strength of this
study was that it evaluated the Hyper-CVAD regimen in an
unselected patient sample.

5. Conclusion

Our study found that the results of using the Hyper-CVAD
treatment regimen for adult ALL were not as high as we
anticipated, which may be due to diferences in the groups
being studied compared to previous reports. However, the
Hyper-CVAD backbone is still considered to be the best
option for current and future research and therapy in adult
ALL. Te fexible backbone of the Hyper-CVAD regimen
allows for the easy addition of novel targeted therapies,
which may further improve treatment outcomes.

Data Availability

Te authors confrm that the data supporting the fndings of
this study are included within the article.

Ethical Approval

Teethical committee of IsfahanUniversity ofmedical sciences
approved the current study (IR.MUI.MED.REC.1400.332).

Consent

Informed consent was acquired from each patient before the
survey.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Acknowledgments

General doctoral thesis in a number of 399659.

References

[1] S. Abbasi, F. Maleha, and M. Shobaki, “Acute lymphoblastic
leukemia experience: epidemiology and outcome of two dif-
ferent regimens,” Mediterranean Journal of Hematology and
Infectious Diseases, vol. 5, no. 1, Article ID e2013024, 2013.

[2] A. J. Katz, V. M. Chia, W. M. Schoonen, and M. A. Kelsh,
“Acute lymphoblastic leukemia: an assessment of in-
ternational incidence, survival, and disease burden,” Cancer
Causes & Control, vol. 26, no. 11, pp. 1627–1642, 2015.

[3] R. D. Portugal, M. M. Loureiro, M. Garnica, W. Pulcheri, and
M. Nucci, “Feasibility and outcome of the hyper-CVAD
regimen in patients with adult acute lymphoblastic leuke-
mia,” Clinical Lymphoma, Myeloma & Leukemia, vol. 15,
no. 1, pp. 52–57, 2015.

[4] H. M. Kantarjian, S. O’Brien, T. L. Smith et al., “Results of
treatment with hyper-CVAD, a dose-intensive regimen, in
adult acute lymphocytic leukemia,” Journal of Clinical On-
cology, vol. 18, no. 3, pp. 547–561, 2000.

[5] H. Kantarjian, D. Tomas, S. O’Brien et al., “Long-term
follow-up results of hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (Hyper-
CVAD), a dose-intensive regimen, in adult acute lymphocytic
leukemia,” Cancer, vol. 101, no. 12, pp. 2788–2801, 2004.

[6] H. Jalaeikhoo, M. Rajaeinejad, M. Keyhani, M. Zokaasadi, and
M. M. Dehghani Firoozabadi, “Efectiveness of modifed
hyper-CVAD chemotherapy regimen in the treatment of
adult acute lymphoblastic leukemia: a retrospective experi-
ence,” Cancer Medicine, vol. 7, no. 3, pp. 594–599, 2018.

[7] Y. Buyukasik, K. Acar, E. Kelkitli et al., “Hyper-CVAD reg-
imen in routine management of adult acute lymphoblastic
leukemia: a retrospective multicenter study,” Acta Haema-
tologica, vol. 130, no. 3, pp. 199–205, 2013.

[8] A. Ahmadifar, V. Mehrzad, and M. Mahmoudzadeh, “Eval-
uate the response rate of acute lymphocytic leukemia patients
to hyper cyclophosphamide, vincristine, adriamycin, and
dexamethasone regimen and remission rate to stay until the
end of the arbitrary treatment,” Advanced Biomedical Re-
search, vol. 7, no. 1, p. 81, 2018.

[9] W. Xu, J. Y. Li, S. X. Qian et al., “Outcome of treatment with
Hyper-CVAD regimen in Chinese patients with acute lym-
phocytic leukemia,” Leukemia Research, vol. 32, no. 6,
pp. 930–935, 2008.

[10] I. Alacacioglu, S. S. Medeni, G. H. Ozsan et al., “Is the bfm
regimen feasible for the treatment of adult acute lympho-
blastic leukemia? A retrospective analysis of the outcomes of
bfm and hyper-CVAD chemotherapy in two centers,” Che-
motherapy, vol. 60, no. 4, pp. 219–223, 2014.

[11] K. Morris, H. Weston, P. Mollee, P. Marlton, D. Gill, and
G. Kennedy, “Outcome of treatment of adult acute lym-
phoblastic leukemia with hyperfractionated cyclophospha-
mide, doxorubicin, vincristine, dexamethasone/methotrexate,
cytarabine: results from an Australian population,” Leukemia
and Lymphoma, vol. 52, no. 1, pp. 85–91, 2011.

[12] C. R. Rausch, H. M. Kantarjian, and E. J. Jabbour, “SOHO
state of the art updates and next questions | hyper-CVAD in

Advances in Hematology 5



2022: lessons learned and new approaches,” Clinical Lym-
phoma, Myeloma & Leukemia, vol. 23, no. 4, pp. 238–243,
2023.

[13] N. Short, H. Kantarjian, F. Ravandi et al., “P371: hyper-CVAD
with sequential blinatumomab, with or without inotuzumab
ozogamicin, in adults with newly diagnosed philadelphia
chromosome-negative B-cell acute lymphoblastic leukemia,”
HemaSphere, vol. 6, pp. 271-272, 2022.

[14] D. W. Baek, H. S. Park, S. K. Sohn et al., “Rituximab plus
multiagent chemotherapy for newly diagnosed CD20-positive
acute lymphoblastic leukemia: a prospective phase II study,”
Korean Journal of Internal Medicine (English Edition), vol. 38,
no. 5, pp. 734–746, 2023.

[15] K. Sasaki, H. M. Kantarjian, K. Morita et al., “Hyper-CVAD
plus ofatumumab versus hyper-CVAD plus rituximab as
frontline therapy in adults with Philadelphia chromosome-
negative acute lymphoblastic leukemia: a propensity score
analysis,” Cancer, vol. 127, no. 18, pp. 3381–3389, 2021.

[16] E. J. Jabbour, K. Sasaki, F. Ravandi et al., “Inotuzumab
ozogamicin in combination with low-intensity chemotherapy
(mini-HCVD) with or without blinatumomab versus stan-
dard intensive chemotherapy (HCVAD) as frontline therapy
for older patients with Philadelphia chromosome-negative
acute lymphoblastic leukemia: a propensity score analysis,”
Cancer, vol. 125, no. 15, pp. 2579–2586, 2019.

[17] N. J. Short, H. Kantarjian, F. Ravandi et al., “Updated results
from a phase II study of mini-hyper-CVD plus inotuzumab
ozogamicin, with or without blinatumomab, in older adults
with newly diagnosed Philadelphia chromosome-negative B-
cell acute lymphoblastic leukemia,” Blood, vol. 138,
no. Supplement 1, p. 3400, 2021.

[18] N. J. Short, H. M. Kantarjian, F. Ravandi et al., “Hyper-CVAD
and sequential blinatumomab in adults with newly diagnosed
Philadelphia chromosome-negative B-cell acute lympho-
blastic leukemia: results from a phase II study,” Blood,
vol. 136, no. Supplement 1, pp. 9–11, 2020.

[19] S. Chiaretti, R. Bassan, A. Vitale, L. Elia, and M. Messina,
“Updated results of the GIMEMA LAL2116 D-ALBA trial for
newly diagnosed adults with Ph+ ALL,” HemaSphere, vol. 5,
no. suppl 2, p. e566, 2021.

[20] J. M. Ribera, T. Prawitz, A. Freitag et al., “Ponatinib vs.
Imatinib as frontline treatment for Philadelphia
chromosome-positive acute lymphoblastic leukemia:
a matching adjusted indirect comparison,” Advances in
Terapy, vol. 40, no. 7, pp. 3087–3103, 2023.

[21] E. Jabbour, N. J. Short, F. Ravandi et al., “Combination of
hyper-CVAD with ponatinib as frst-line therapy for patients
with Philadelphia chromosome-positive acute lymphoblastic
leukaemia: long-term follow-up of a single-centre, phase 2
study,”Te Lancet Haematology, vol. 5, no. 12, pp. e618–e627,
2018.

[22] K. Sasaki, E. J. Jabbour, F. Ravandi et al., “Hyper-CVAD plus
ponatinib versus hyper-CVAD plus dasatinib as frontline
therapy for patients with Philadelphia chromosome-positive
acute lymphoblastic leukemia: a propensity score analysis,”
Cancer, vol. 122, no. 23, pp. 3650–3656, 2016.

6 Advances in Hematology




