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of a chimeric BCR-ABL fusion gene, represents as one

Disclosing molecular alterations associated with of the first human cancers in which molecular targeted
the malignant state have accomplished at an therapy using selective ABL tyrosine kinase inhibitors
astonishing pace and ushered in a new field of (TKI) has drawn broad attention [3, 4]. In spite of the
targeted therapy [1, 2]. Chronic myeloid leukemia fascinating effect of Imatinib (as the standard first-
(CML), which is characterized by the presence line TKI in CML treatment), several mechanisms

IRANIAN JOURNAL OF BLOOD AND CANCER 84



Ghaffari SH et al.

have been reported to be responsible for drug
resistance including ABL mutations, BCR-ABL gene
amplification or over-expression, and decreased
intracellular drug concentrations caused by drug
influx (OCT-1) or efflux (Pgp/ABCB1) proteins [5-
9]. Notwithstanding the fact that mutations occurring
in the ABL kinase domain is the main mechanism of
resistance, studies suggest that Imatinib, even in the
absence of resistance mutations, fails to completely
eliminate residual leukemia stem cells, inevitably
resulting in relapse after the cessation of treatment.
Taking advantages of these facts, alternative approaches
such as vaccine-based therapy would particularly be
beneficial for eradicating Philadelphia positive (Ph+)
cancer stem cells, possibly providing a long-term
leukemia-free survival and permanent cure.

Although vaccines are cable of provoking an immune
response, translating this observation into clinical gain
has proved to be exceptionally challenging [10]. Vaccine
therapy using a single agent for immunotherapy has
disclosed a long history of generally unimpressive
and disappointing results. Recently, an improved
conception of cancer pathogenesis has led to the rise
in the development of novel combined-modality
strategies, including targeted therapy and cancer
immunotherapies [11-13]. Targeted approaches act
by blocking essential biochemical pathways that are
critical for tumor cell growth and survival, whereas
immunotherapy attempts to stimulate a host response
that leads to a long-lived destruction of the tumor
[14]. Furthermore, some targeted therapies might
sensitize tumor cells to immune-mediated destruction
by increasing the expression of death receptors and
diminishing the expression of pro-survival signals
[15, 16]. In the present study, we report the results of
a Phase I/1I clinical trial evaluating the combination
of immunotherapy with ongoing-targeted therapy in
CML patients in an attempt to increase the tail on the
survival curve by the means of generally increasing the
number of long-term survivors.

In the year 2009, from the enrollment of a total 20
CML patients into this study, we selected only 10 for
our vaccination trial. The protocol was approved by
the official ethics committee and central institutional
review board of Tehran University of Medical Sciences.
The patients were thoroughly educated to all the
procedures and processes throughout this study and

a written informed consent was obtained from each
patient. The criteria for selection include all patients
to be over the age of 18, to have the el4a2 breakpoint,
and remain in the first chronic phase of the disease.
Moreover, they must have received Imatinib treatment
for at least 15 months prior to entering the trial as well
as being with at last 5 months of persistence molecular
residual disease. All the patients had measurable
active disease in the peripheral blood (PB) and bone
marrow (BM) (any level of BCR-ABL transcript), and
altogether, were treated previously and concurrently
with Imatinib. The participants continued to receive
Imatinib treatment as the same dose prescribed at
the time of their enrollment in the trial (at least 400
mg/day). This trial is registered at Clinicaltrials.gov
NCT00455221.

The patients underwent HLA-typing to define their
HLA A, B, and DR haplotypes. By using the salting-
out method, high molecular weight DNA was
extracted from 10 mL of the PB samples. HLA-A and
-B were typed to two digits by the ELPHA Primer
HLA-AB LowRes (Biotest AG, Dreieich, Germany)
kit according to the manufacturer’s instruction. Also,
HLA-DR was typed by the ELPHA DRBI (Biotest) and
PCR products were separated on a 2% agarose gel.

Each patient received a cocktail of nine peptides,
eight peptides spanning the el4a2 junction and one
PR1 peptide. Peptides sequences along with their
corresponding HLAs were listed in Table 1. The
following CML multipeptides were included 7 HLA
class-I binding peptides plus one HLA class-II binding
peptide. Moreover, we used PR1 which is a nine-amino-
acid HLA-A*0201-restricted peptide (VLQELNVTYV)
derived from proteinase 3. All peptides were
synthesized by the Genosphere Biotechnologies (Paris,
France) with atleast 97.5%. To prepare the vaccine, 100
mg of each peptide (900 g total peptide) were mixed in
0.5 mL phosphate-buffered saline (PBS) (pH 7.4). The
vaccine was stored frozen at -80 °C.

In this study, we used two DNA plasmids encoding
the human GM-CSF (pORF-hGM-CSF) and IL-12
(pORF-hIL-12) as theimmune adjuvants. The plasmids
(InvivoGen, San Diego, CA) were transformed into
DH5a competent cells and subsequently purified
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Sequences of peptides used for vaccination.

Peptide Sequence HLA binding
Peptide A ATGFKQSSK All, A1, A26, A3, A68
Peptide B ATGFKQSSKA A2, A1, A26
Peptide C GFKQSSKAL A24,B15, B8
Peptide D KALQRPVAS B51
Peptide E TGFKQSSKAL A2, A24, A26, B44
Peptide F KQSSKALQR HLA-A3 and -Al1l
Peptide G HSATGFKQSSK HLA-A3/11
Peptide H IVHSATGFKQSSKALQRPVASDFEP DRI, DR4, and DR11

Peptide J (PR1) VLQELNVTV HLA-A*0201

using the EndoFree Plasmid Giga Kit (Qiagen, Santa
Clarita, CA, USA). The plasmids’ DNA was dissolved
into the endotoxin-free buffer TE at a concentration of
100 pug/ml.

Thetreatment schedule consisted of eight subcutaneous
vaccinations administered every 3 weeks. In other
words, each patient received eight vaccinations over a
21-week period, administered on weeks0, 3,6,9,12, 15,
18 and 21, accordingly (Fig. 1). Patients received 900
ug of peptides (100 pg each of the 9 peptides) per dose.
All vaccinations were administered at multiple sites
on the limbs, with vaccination sites rotated between
arms. One day prior to the initial vaccination, patients
received 50 pg of each IL-12 and GM-CSF plasmid in
1 ml of PBS at multiple subcutaneous sites at the same
site as the vaccination in order to augment the antigen-
presenting function. The usual Imatinib dose was
continued in the discretion of the treating physician.
BM aspirates were obtained from the patients for the
examination of morphology, cytogenetics, and BCR-
ABL level at two time points: one day before (pre-trial)
and one month after the completion of vaccinations
(post-trial). Similarly, the PB was examined at three
different time points for the morphology and BCR-
ABL level by qRT-PCR: one day before (pre-trial),
four months after the first vaccination (mid-trial),
and one month after the last vaccination (post-
trial-1). Moreover, plasma samples were collected for
immunological assessments prior to each vaccination.
We investigated the long-term follow up of the patients’
molecular responses (with respect to the BCR-ABL
transcript level) and survival over a 7-year period.

Enrollment
Patients under Imatinib >1 year
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Protocol design for the multipeptide vaccina-
tion. The vaccine was given on weeks 0, 3, 6, 9, 12, 15, 18,
and 21. DNA plasmids encoding the human GM-CSF and
IL-12 were used as immune adjuvants in order to enhance
the immune response to the vaccine. The BM aspirates were
examined at two different time intervals, one day before the
first vaccination (pre-trial) and one month after the last vac-
cination (post-trial-1). The PB samples were examined at
three different times, one day before (pre-trial), four months
after the first vaccination (mid-trial), and one month after
the last vaccination (post-trial-1).

10 ml of the PB and 5 ml of the BM samples were
collected in EDTA. Mononuclear cells (MNC) were
separated by using the density-gradient centrifugation
on Ficoll-Hypaque. Total RNA was extracted by using
TRIZOL (Gibco-BRL, Gaitherburg, MD) according to
the manufacturer’s instructions. The quantity of RNA
samples were assessed spectrophotometrically by
using Nanodrop ND-1000 (Nanodrop Technologies,
Wilmington, Delaware, USA). Next, 1 pg of the
extracted RNA was reverse transcribed into cDNA
using the Prime ScriptTM RT reagent kit (Takara Bio)
according to the manufactures specifications. BCR-
ABL qRT-PCR reactions were performed using the
m-bcr FusionQuant® Kit (IPSOGEN, Luminy Biotech
Entreprises, France) for the quantification of BCR-ABL
transcripts in the BM or PB samples of CML patients
in a Roche LightCycler Instrument (Roche Diagnostics
GmbH, Mannheim, Germany). In a final volume of
20 ul, 2 pl of the cDNA (100 ng of RNA equivalent),
0.8 ul of the IPSOGEN Primers & Probe mix, 10 pl
TagMan Premix Ex Taq (Takara Bio Inc.) and 7.2 pl of
nuclease-free water (Qiagen, Hilden, Germany) were
mixed in a capillary tube to conduct real-time PCR.
The thermal cycling conditions were as follows: 10 min
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at 95 °C (initial activation), 40 cycles including 10 sec
at 95 °C and 60 sec at 60 °C. Copies of BCR-ABL/100
copies of ABL were used as a reference for a baseline
tumor burden. The BCR-ABL ratio was reported in
accordance to the international scale (IS). BCR-ABL/
ABL ratio of < 0.1% is considered as the criteria for
major molecular response (MMR) achievement, while
a complete molecular response (CMR) was defined
as becoming undetectable[17, 18]. Furthermore, we
determined the molecular response by comparing the
individual patients’ BCR-ABL transcript levels to the
level at the beginning of the vaccination trial (Pre-trial).

The immunologic responses elicited by the peptide
vaccinations were assessed by the ELISA systems.
A blood sample was collected before and after the
vaccinations and the plasma was harvested and
stored at -80 °C for subsequent analysis. Plasma
concentrations of IL-4, IFN-y, IL-12 and GM-CSF were
evaluated according to the manufacturer’ instructions
(BioSource International, Inc., Camarillo, CA). A
standard curve was generated by using the control
cytokines diluted in PBS at different concentrations,
beginning with IL-4 (1696 pg/ml), IFN-y (30 IU/ml),
IL-12 (320 pg/ml), and GM-CSF (320 pg/ml). Finally,
the OD450 and OD490values were determined and
the results were calculated by interpolation of the
OD sample values with the relevant standard curve.

The BM metaphase cytogenetics was evaluated
by standard techniques. Complete cytogenetic
remission is defined as an absence of Philadelphia
chromosome positive (Ph+) metaphases.

The long-term follow up of the patients’ molecular
responses and survival over a 7-year period were
investigated. Between the years of 2010-2016, starting
one year after the post-trial-1, the PB samples were
collected and analyzed every year for the BCR-ABL
transcript copy number by using the qRT-PCR assay.
The data was expressed as the BCR-ABL/100 ABL
copy number, also as the fold change in the BCR-
ABL transcript levels of the PB compared to the level
at the beginning of the vaccination trial (pre-trial).

The clinical details, cytogenetics, HLA class-I and
class-II types for all the 10 entrants were summarized
in Table 2. All the 10 participants, had both the
el4a2 breakpoint and measurable active disease, and
were previously as well as concomitantly treated with
Imatinib (400 mg daily). Respectively, all the patients
had been stable on the same dose of Imatinib for at
least 5 months before the entry to the trial. Patients
completed all series of the 8 vaccinations. In all of the
patients, at least one HLA molecule was associated
with peptide binding.

The patients were closely followed during and after each
vaccination for any signs of adverse events. The peptide
vaccine was administered on an outpatient basis. The
vaccine was well tolerated creating no problems in any
of the patients, and importantly, no signs of toxicity or
clinically serious side effects attributable to the vaccine
treatment or the adjuvant injection were observed in
any of the patients during the short- and long-term
follow-ups. During the injections of over a period of
21 weeks, we only detected mild local skin reactions
(similar to delayed type hypersensitivity) following
the patients’ second and subsequent vaccinations. As
reported by the patients, nurses and physicians, an
overall clinical improvement was observed in all of
the cases during their routine periods of vaccination
and subsequent follow-ups. Accordingly, we conclude
that the use of DNA plasmids encoding the human
GM-CSF and IL-12 and repeated injections of BCR-
ABL peptides combined with PR1 was safe and did
not show any signs of toxicity or adverse effects in our
study.

The cytogenetic responses to the multipeptides vaccine
were listed in Table 2. As presented, all the patients’
cytogenetic responses improved after the completion
of 8 vaccinations, with 5 of the participants reaching
a complete cytogenetic remission. In addition, these
patients proved to be BCR-ABL negative by means
of the FISH technique. The complete hematologic
response rate after the vaccination was 100% in all of
the CML patients.
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Details of patient characteristics.

Patients Age/Sex  Cytogenetics Last cytogenetic HLA-I HLA-IT Peptide cocktail
P1 32M 46, XY, t(9;22) 46, XY A3/A24(9)-B35 DRB1*11-DRB1*3 A-J
P2 42M 46, XY, t(9;22;15) 46, XY A*02-B*49,*51 DRB1*11-DRB1*13-DRB3*- A-]
P3 33F 46, XX, t(9;22) 46, XX, t(9;22) A*02-B*35,*51 DRB1*13-DRB*14-DRB3* A-]
P4 25M 46, XY, t(9;22) 46, XY A*02/A*74 DRB1*04-DRB1*14 A-J
P5 43M 46, XY, t(9;22) 46, XY,t(9;22)  A*03/A*24-B*35/B*BW6  DRB1*04/DRB4-DRB1*11/DRB3  A-]
P6 69M 46, XY, t(9;22) 46, XY, t(9;22) A2/A33-B35/B58 DRB1*04-DRB1*13 A-J
P7 26M  46,XY, t(9;22) 46, XY A02/A02-B44/B51 DRB1*04-DRB1*09 A-]
P8 41M 46, XY, t(9;22) 46, XY A02/A68-B51/B51 DRB1*04-DRB1*16 A-J
P9 29M 46, XY, t(9;22) 46, XY, t(9;22) A24,A33-B08,B14 DRB1*01-DRB1*03 A-]
P10  41IM  46,XY, t(9;22) 46, XY, 1(9;22) A01,A02-B08,B52-Bw4,Bw6 DRB1*03-DRB1*15 A-J

Following immunotherapy, the qRT-PCR of PB and
BM samples from the post-trial-1 (one month after
the completion of the vaccinations) was performed. As
presented in Table 3, quantitative detection of BCR-
ABL from PB samples of the patients revealed that 4
patients (P4, P8, P9 and P10) have achieved MMR, 4
patients (P1, P2, P5 and P6) had significant reduction
and only 2 patients (P3 and P7) remained with stable
level of measurable disease. Moreover, as compared to
the levels at the beginning of the vaccination program,
4 of the patients (P2, P4, P8 and P10) have almost
achieved a one log reduction, 4 patients (P1, P5, P6
and P9) had slight reductions in their transcript levels
and 2 patients (P3 and P7) remained unchanged
(Table 3). Overall, the results presented in Fig. 2A
outlined that there was a relative correlation between
BCR-ABL transcript levels of PB and BM samples.
Interestingly, a similar trend in BCR-ABL transcript
levels was observed in BM samples as compare to the
PB samples during time of the post-trial-1 (Fig. 2B).
After vaccinations, the patients were further
followed for more than 7 years with respect to the
long-term molecular responses and survival. The
overall survival was 100%. Although clinically well,
one of the participants (P2) did not participate in
the follow up study. Based on the aforementioned
definition of a molecular response (BCR-ABL/ABL
< 0.1%), after 7 years, one patient (P3) experienced
a CMR (undetectable), while five of the patients (P1,
P5, P7, P8 and P10) developed a major molecular
response (Table 4). As represented in Fig. 3, when
compared to the levels measured at the beginning of

the vaccination trial, one patient (P1) almost had a one
log reduction in the BCR-ABL transcript levels and 4
patients (P3, P5, P8 and P10) had >2 log reduction
in BCR-ABL transcript levels. Two early responding
patients (P4 and P9) who achieved a MMR after
vaccinations, ceased Imatinib treatment for 16 months
(during 2013-2014) and 24 months (during 2013-
2015), respectively. Noteworthy, both of these patients
experienced an increase in the BCR-ABL trends (Fig.
4). During this time, they were hospitalized for a re-
emergence of their CML disease and thus, underwent
treatment with an increased dose of Imatinib.

Taken together, our results showed that the small
changes in the tumor burden observed during the
immunotherapy were somewhat different from the
results attained from a long-term follow up. Although
two of our patients (P3 and P7) developed no change
in their PCR trends following the vaccinations, both
of them reached the level of CMR and MMR at some
point during the 7-year follow-up. This possibly
confirms that the overtime trends in the values of
BCR-ABL may be a better reflection of the true clinical
effect.

The 10 participants were assessed for the plasma
levels of IFN-y, IL-4, IL-12 and GM-CSF in response
to the vaccination (Data not shown). Although the
responses were heterogeneous, there was an obvious
trend regarding the increase in the frequency of IFN-y
after completion of the 8 vaccinations. Attributable
to the ineffective sample storing, extended periods of
sample freezing, and the usage of non-fresh samples
for detection of plasma concentration of the cytokines
could be the reasons for appropriate data processing.
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Figure 2. Molecular responses in the PB and BM of all CML patients. A) The qRT-PCR of PB and BM samples from the
post-trial-1 (one month after the completion of the vaccinations) outlined that there was a relative correlation between BCR-
ABL transcript levels of PB and BM samples. B) The BCR-ABL transcript levels in the PB and BM samples during the vaccination
is expressed as a percent reduction compared to the level at the beginning of the vaccination. The PB samples were examined at
three time intervals, one day before (pre-trial) and four months following the first vaccination (mid-trial), and one month after
the last vaccination (post-trial-1). The BM aspirates were examined at two time intervals, one day before the first vaccination
(pre-trial) and one month after the last vaccination (post-trial-1).
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Figure 3. The molecular responses in the PB of CML patients at 7-years post vaccination. BCR-ABL transcript levels in PB at
7-years post vaccination expressed as a log reduction compared to the level at the beginning of vaccination.
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BCR-ABL/ABL transcript ratio

5.00 -

0.50

0.05

Midtrial
Post-trial-1

P4

Post-trial-2

Imatinib
Cessation

No CyR, 100%

Post-trial-3
Post-trial-4

Post-trial-5

Post-trial-6
Post-trial-7

0.50

0.05 -

]
k-
<
]
=
2

Post-trial-1

Po

Post-trial-2

Post-trial-3
Post-trial-4

Post-trial-5

Minimal CyR. 82%

Post-trial 6
Post-trial-7

The molecular responses of 2 CML patients who ceased Imatinib treatment during follow-up. Two of the early re-
sponding patients (P4 and Pg) who achieved a major molecular remission (MMR) after completing the last vaccination, ceased
Imatinib treatment (P4; 16 months, during 2013-2014) and (P9; 24 months, during 2013-2015). Both patients experienced an
increase in the BCR-ABL trends. Arrow indicates that during that time patient ceased Imatinib treatment.

The BCR-ABL/100 ABL transcript ratios in the PB and BM for all 10 patients during a 1-year follow-up.

PB BM
Patients Pre-trial Post-trial-1 Fold changes Pre-trial Post-trial-1 Fold changes
P1 0.66 0.33 -2.00 0.26 0.06 -4.33
P2 40.03 3.90 -10.26 75.41 54.73 -1.38
P3 0.55 0.57 1.04 0.44 4.29 9.75
P4 1.05 0.10 -10.50 4.01 0.16 -25.06
P5 36.93 10.61 -3.48 79.63 25.25 -3.15
P6 0.58 0.18 -3.29 1.26 0.21 -6.00
P7 0.26 0.23 -1.13 0.28 0.25 -1.12
P8 1.20 0.10 -12.00 0.17 0.04 -4.25
P9 0.25 0.09 -2.78 0.71 0.53 -1.34
P10 0.60 0.05 -12.41 0.20 0.10 -2.00
The BCR-ABL/100 ABL transcript ratios in the PB for all 10 patients during a 7-year follow-up.
PB
Patients |Pre-trial Mid-trial Post-trial-1 Post-trial-2 Post-trial-3 Post-trial-4 Post-trial-5 Post-trial-6 Post-trial-7 Fold change (7-year)
P1 0.66 0.41 0.33 0.18 0.23 0.22 0.16 0.22 0.07 -9.43
P2 40.03  5.19 3.90 5.20 NA -
P3 0.55 0.37 0.57 0.69 UD -550.00
P4 1.05 0.16 0.10 0.10 =E=————=3 400 19.80 17.30 17.10 16.29
P5 36.93 3277 10.61 14.90 5.90 2.60 0.60 0.40 0.07 -527.52
P6 0.58 0.25 0.18 0.53 -1.09
P7 0.26 0.23 0.23 0.08 -3.25
P8 1.20 0.80 0.10 0.20 0.17 0.09 0.04 0.02 -60.00
P9 0.25 0.10 0.09 - 330 7.40 7.40 29.60
P10 0.60 0.67 0.05 0.02 0.05 0.01 0.01 0.01 0.01 -59.56

Pre-trial, 2010/5; Post-trial-1, 2011; Post-trial-2, 2012; Post-trial-3, 2013; Post-trial-4, 2014, Post-trial-5, 2015; Post-trial-6, 2016; Post-trial-7, 2017.
UD: undetectable. NA: no data available. Numbers in green: patients in CMR (undetectable) or MMR (BCR-ABL/ABL < 0.1%). Arrow indicates

that during that time, the patient stopped taking imatinib.
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Recently, the advancements in the progress and
comprehension of the molecular processes involved
in CML pathogenesis has given rise to an array of
groundbreaking treatment possibilities, such as
targeted therapyand immunotherapy[19,20]. Whereas
TKIs such as Imatinib results in the inhibition of the
ABL tyrosine kinase pathways [21], immunotherapy
stimulates a host response that effectuates a long-lived
destruction of leukemic cells. Imatinib also conveys
to modulate immune responses, possibly by the
induction of the innate immune response that promote
the patient’s immune system to function alongside of
Imatinib to sustain remission [22, 23] . In an attempt
to increase the tail on the survival curve, we conducted
a prospective, longitudinal study of a Phase I/II
clinical trial to test the safety and immunogenicity of
multipeptide vaccines in CML patients with previous
incomplete response to Imatinib treatment.

HLA peptide vaccines are HLA restricted, therefore,
are applicable to distinct patient populations
expressing a particular HLA type. In the present
study, we synthesized seven overlapping peptides with
appropriate anchor motifs for binding to both classes
of HLA molecules occurring in the Iranian population
based on the information and screening numbers of
the fusion peptides derived from junctional sequences
(Table 1). The promising preliminary data acquired
from a Phase I/II study evaluating the results of the
PRI vaccination encouraged us to use this peptide
in combination with BCR-ABL-derived b3a2 fusion
multipeptides [24, 25]. To the best of our knowledge,
to date, no study has investigated the effect of CML
vaccination using combined BCR-ABL-derived
multipeptides with PR1 peptide, and, herein, we
provide evidence which may support the findings of
further studies integrating combination immunization
strategies for leukemia patients. Overall, our results
suggest that multipeptide antigen strategies with
different HLA binding abilities may provide a more
effective vaccine formulation to elicit an immune
response in all populations.

A number of trials involving BCR-ABL peptides
vaccinations have been reported with evidence
of immunogenicity and clinical efficacy in CML
patients, using different peptide antigens, peptide
concentrations, vaccination schemes, HLA types and
adjuvants (Table 4). In a Phase II clinical study, Jain

et al. vaccinated 10 chronic-phase CML patients in
CCyR undergoing Imatinib treatment with different
peptides derived from BCR-ABL. Three out of 10
patients developed a transient 1-log reduction in
the BCR-ABL transcripts [26]. In another study,
Cathcart et al. vaccinated 14 chronic-phase CML
patients regardless of their HLA type. Although
after the vaccinations, 4 patients showed a decrease
in the percentage of Ph chromosome and 3 patients
became transiently PCR negative following allogeneic
transplantation [27], the clinical responses could not
be solely attributed to the vaccinations because of the
other therapies that were concomitantly administered.
The long-term follow up of peptide vaccines have
rarely been investigated in longitudinal studies.
Table. 5 summarized BCR-ABL peptide vaccination
trials for CML patients. In our study, changes in
the tumor burden during the long-term follow-up
of immunotherapy was intriguing, since 7 out of 9
(77.8%) of our patients elicited decreasing PCR trends
following immunotherapy regimen. Further, 6 of
these 7 responses appear to be long-lasting with these
patients achieving MMR or CMR at some point during
the 7-year follow-up. This sustained benefit, 7 years
after the initial treatment, highlights the potential
significance of immunotherapy in combination with
targeted therapies for the achievement of long-lasting
clinical and molecular responses.

The long-term outcome for patients with the
concurrent use of Imatinib and immunotherapy
resuming TKI treatment is unknown. In addition,
the ability of the vaccinations to eradicate or hold
the disease in the absence of Imatinib therapy is also
remains to be an open to debate. Best insight in our
clinical trial comes from the cessation of TKI in two
patients (P4 & P9) who achieved a MMR after the
completion of the final vaccination. We found that the
removal of Imatinib led to resurgence in the leukemia
population, as it was evident by the cytogenetic
analysis along with an increase in the measured
amount of BCR-ABL transcripts in PB samples. Kim
et al. have reported similar clinical observations when
the Imatinib treatment ceased at the twelfth month
of their study [28]. It seems that the anti-leukemia T
cell responses, even at low levels, prevent the relapse
of leukemia, helping to maintain remission while
under therapy with Imatinib; however, it worth to
mention that T cell response is never strong enough
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to overcome the rapidly growing leukemia population
[28]. In conclusion, our study demonstrates that
CML vaccination with BCR-ABL/PR1 multipeptides
along with GM-CSF/IL-12 adjuvants was safe with
no significant signs of toxicity and adverse effects.

Moreover, the long-term follow-up indicates that the
response of combined Imatinib targeted therapy with
multipeptide immunotherapy keeps the leukemia
population under control, improving the long-lasting
clinical and molecular response of CML patients (Fig. 5).
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Figure 5. Schematic representation proposed for CML targeted therapy in combination with BCR-ABL/PR1 vaccination. As
represented, combination of immunotherapy with Imatinib targeted therapy keeps the leukemia population under control, im-

proving the long-lasting molecular response of CML patients.

Table 5. BCR-ABL peptide vaccination trials for CML patients.

BCR-ABL Peptide  No of patients HLA binding  Adjuvant Patients’ status before trial inclusion Response assessment after vaccination ~ Ref.
. A ; In chronic phase, on imatinib for at Three of 10 patients achieved 1-log re-  [26]
g gzgggz: 2%43}:% 10 ny I\éﬁ\l}lt%lslge least 12 monlihs and had been on a sta- duction in BCR-ABL transcript levels
ble imatinib dose for > 6 months. and 3 other patients achieved a MMR.
6 peptides el4a2 14 Regardless QS-21 Partial or complete hematologic remis- Six patients with CCyR (3 with tran-  [27]
of HLA sion induced by IFN-a, hydroxyurea, sient PCR improvement); 8 patients
BMt, or imatinib. without CCyR (4 with cytogenetic im-
provement).
5 peptides el4a2 12 Any Qs-21 In partial or complete remission in- One CMR, one transient cytogenetic  [29]
duced by IFN-a or hydroxyurea. improvement.
6 peptides el4a2 16 4 class-1 Qs-21 Chronic-phase, measurable and stable Five patients reached complete cytoge-  [30]
L class-II residual disease for at least 6 months netic remission with 3 of those having
with imatinib or IFN-a. undetectable levels of BCR-ABL tran-
scripts.
3 peptides el4a2 19 Any (li)lé/[D(I:{SEF In chronic phase, at least 6 months sta- 13 of 14 patients in MCyR 1 log reduc- [31]
. ble with imatinib, and in a complete he- tion in BCR-ABL transcript).
matological response.
5 peptides 13 Any Montanide  Either in major or CCyR, on a stable Two of 3 patients without CCyR  [32]
b3a2 or b2a2 GM-CSFE imatinib treatment, and to have molec- achieved CCyR; inconsistent PCR re-
ular or cytogenetic measurable disease. sults.
CML b2a2 1 Several GM-CSF  In CCyR but with a progressive rise in In CMR with an undetectable level of ~ [33]
HLA-DR molecules the BCR-ABL transcript. BCR-ABL both in PB and in BM.
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