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Abstract
DSP- 7888 is an immunotherapeutic cancer vaccine derived from the Wilms’ tumor 
gene 1 (WT1) protein. This phase 1/2 open- label study evaluated the safety and ef-
ficacy of DSP- 7888 dosing emulsion in patients with myelodysplastic syndromes 
(MDS). DSP- 7888 was administered intradermally (3.5 or 10.5 mg) every 2 weeks 
for 6 months and then every 2- 4 weeks until lack of benefit. Twelve patients were 
treated in phase 1 (3.5 mg, n = 6; 10.5 mg, n = 6), with no dose- limiting toxicities 
reported. Thus, the 10.5 mg dose was selected as the recommended phase 2 dose, 
and 35 patients were treated in phase 2. Forty- seven patients received ≥1 dose of the 
study drug and comprised the safety analysis set. The most common adverse drug 
reaction (ADR) was injection site reactions (ISR; 91.5%). Grade 3 ISR were common 
(58.8%) in phase 1 but occurred less frequently in 2 (22.9%) following implementation 
of risk minimization strategies. Other common ADR were pyrexia (10.6%) and febrile 
neutropenia (8.5%). In the efficacy analysis set, comprising patients with higher- risk 
MDS after azacitidine failure in phases 1 and 2 (n = 42), the disease control rate was 
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1  |  INTRODUC TION

Myelodysplastic syndromes (MDS) encompass a heterogeneous 
group of closely related diseases of pluripotent hematopoietic stem 
cells, characterized by peripheral blood cytopenia due to ineffective 
hematopoiesis.1 The clinical course of MDS is extremely variable 
and may be indolent or rapidly progressive, with marked symptom 
burden and transformation into acute myeloid leukemia (AML).2,3 In 
Japan, the estimated incidence of MDS is 3.8 cases per 100 000 for 
men and 2.4 cases per 100 000 for women.4 However, incidence 
increases sharply with age, particularly in those aged over 70 years.4

Therapeutic options for MDS are limited and are largely based 
on a patient’s age and prognosis, as determined by the International 
Prognostic Scoring System (IPSS) and the revised IPSS (IPSS- R).5,6 
Allogeneic hematopoietic stem cell transplantation (allo- HSCT) rep-
resents the only potentially curative option; however, most patients 
are not suitable candidates due to their advanced age.7 For decades, 
the mainstay of treatment has been supportive care, including blood 
transfusions and hematopoietic factors, aimed at prolonging sur-
vival and improving quality of life.8 The immunosuppressant agent 
lenalidomide and hypomethylating agents (HMA), including azac-
itidine (AZA) and decitabine, are approved for treatment of MDS 
globally.9,10 Lenalidomide is approved for a small subset of MDS 
patients with chromosome 5q deletion.9 In April 2020, luspatercept 
was approved by the US Food and Drug Administration for patients 
with very low to intermediate (Int) risk MDS.11 AZA and decitabine 
have demonstrated improved response rates and prolonged time to 
AML transformation and survival compared to conventional care 
in randomized phase 3 trials,12- 14 and both are indicated in higher- 
risk patients, although decitabine is not approved in Japan.15,16 
Approximately 40% of patients fail to respond to HMA,17 and most 
responders experience disease relapse within 2 years.13 Prognosis 
after relapse is particularly poor, with limited treatment options and 
median overall survival (OS) of less than 6 months.18,19 Treatment 
of MDS after failure of HMA represents a significant therapeutic 
challenge.

Wilms’ tumor gene 1 (WT1) was originally isolated as a tumor 
suppressor gene based on its activity in Wilms’ tumors,20 with later 
studies revealing its possible role as an oncogene.21- 24 Further, WT1 
is overexpressed in hematological malignancies and solid tumors but 

minimally expressed in normal tissues and cells, making it a prom-
ising cancer vaccine target.24,25 Our earlier generation WT1 pep-
tide cancer vaccine, WT4869, consists of the modified version of 
WT1235- 243, 2M→Y peptide (comprising amino acids 235 to 243) de-
rived from the WT1 gene product that is restricted to the human leu-
kocyte antigen (HLA)- A*24:02, present in approximately 60% of the 
Japanese population. In these patients, WT1235- 243, 2M→Y can induce 
WT1- specific cytotoxic T lymphocytes (CTL).26,27 WT1235- 243, 2M→Y 
is WT1235- 243 with the substitution of M with Y at the second amino 
acid position. Compared to natural WT1235- 243, WT1235- 243, 2M→Y has 
a higher binding affinity for HLA- A*24:02 and induces WT1- specific 
cytotoxic T lymphocytes (CTLs) more effectively.28- 30

DSP- 7888 is an investigational immunotherapeutic cancer vac-
cine comprising two WT1- protein derived peptides, DSP- 7888- K 
and DSP- 7888- H. DSP- 7888- K is a synthetic peptide containing 
WT1126- 134 and WT1235- 243, 2M→Y, which has been modified by con-
version of methionine to tyrosine at the second amino acid posi-
tion. DSP- 7888- H is a synthetic peptide with the same sequence 
as the naturally occurring peptide WT134- 51. DSP- 7888- K elicits 
WT1- specific CD8+ T cells targeting HLA- A*02:01, HLA- A*02:06, 
or HLA- A*24:02. DSP- 7888- H elicits WT1- specific helper T cells in 
some subtypes of HLA- DRB1, HLA- DPB1, and HLA- DQB1,31 which 
enhance induction of WT1- specific CD8+ T cells by DSP- 7888. 
Preliminary clinical activity has been shown with our earlier gener-
ation WT1 peptide cancer vaccine, WT4869, in a phase 1/2 study 
in patients with HLA- A*24:02- positive MDS, including those with 
higher- risk (IPSS score ≥1.5) or lower- risk (score <1.5) disease who 
were red blood cell transfusion- dependent.32 We hereby report the 
results of the phase 1/2 study evaluating the safety and efficacy of 
the peptide vaccine, DSP- 7888, in patients with MDS.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

This was an open- label, single- arm, multicenter, phase 1/2 study con-
ducted in Japan (ClinicalTrials.gov: NCT02436252). The objective of 
phase 1 was to evaluate the safety and tolerability of DSP- 7888 dos-
ing emulsion (hereafter referred to as “DSP- 7888”) in patients with 

19.0%, and the median overall survival (OS) was 8.6 (90% confidence interval [CI], 
6.8- 10.3) months. Median OS was 10.0 (90% CI, 7.6- 11.4) months in patients with a 
WT1- specific immune response (IR; n = 33) versus 4.1 (90% CI, 2.3- 8.1) months in 
those without a WT1- specific IR (n = 9; P = .0034). The acceptable safety and clinical 
activity findings observed support the continued development of DSP- 7888 dosing 
emulsion.

K E Y W O R D S
DSP- 7888, high- risk myelodysplastic syndrome, myelodysplastic syndromes, Wilms’ tumor 
gene 1, WT1 peptide vaccine
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MDS and determine the maximum tolerated dose (MTD) and recom-
mended phase 2 dose (RP2D). Preliminary activity and potential bio-
markers were also explored. The objective of phase 2 was to evaluate 
the safety and efficacy of DSP- 7888 in patients with higher- risk MDS 
(IPSS score ≥1.5 + IPSS score <1.5 disease with myeloblasts ≥5%) 
after AZA failure using the RP2D. For the purposes of this study, AZA 
failure was defined as non– response to therapy (ie primary failure), 
loss of response (ie secondary failure), or intolerance due to adverse 
events (AE) as per Prébet et al (2011).19 The IPSS score was evalu-
ated at enrollment (ie following AZA failure) in this study. Potential 
biomarkers of safety and efficacy were also explored.

The phase 1 dose- escalation part of the study involved a conven-
tional 3 + 3 design, with sequential cohorts of three to six patients 
enrolled to receive DSP- 7888 at two dose levels (3.5; 10.5 mg). 
DSP- 7888 was administered as DSP- 7888 dosing emulsion (water 
in oil) containing DSP- 7888- K, DSP- 7888- H, and the adjuvant 
MONTANIDE ISA 51 VG, via intradermal injection (3.5 mg: two sites; 
10.5 mg: six sites), with dosing repeated every 2 weeks for 6 months, 
followed by every 2- 4 weeks until lack of clinical benefit. For the 
3.5 mg dose, the DSP- 7888 dosing emulsion included DSP- 7888- K 
2 mg and DSP- 7888- H 1.5 mg in 200 μL of emulsion, administered 
across two sites. For the 10.5 mg dose, the 3.5 mg DSP- 7888 dos-
ing emulsion was administered across six body sites, (ie a total DSP- 
7888- K dose of 6 mg and DSP- 7888- H dose of 4.5 mg in 600 μL of 
emulsion).

During the dose- limiting toxicity (DLT) evaluation period (ie 
within 29 days after the first DSP- 7888 dose), dose reductions were 
permitted in patients experiencing a DLT if the investigator deemed 
that continuation of DSP- 7888 would provide a potential benefit. 
After the DLT evaluation period in phase 1 or 2, dose reductions 
were permitted in patients experiencing an adverse drug reaction 
(ADR) that met the DLT criteria but did not meet discontinuation 
criteria (ie patient withdrawal, AE, and other reasons). Dose reduc-
tions were also permitted in patients experiencing an injection- site 
reaction (ISR) if there was a concern that the reaction may worsen.

The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki, the International Council for 
Harmonisation Harmonised Tripartite Guideline for Good Clinical 
Practice, and the Institutional Review Board (IRB) regulations and 
following the applicable local regulatory requirements. The clinical 
study protocol, the investigator’s brochure, informed consent forms, 
and other study- related documents were reviewed and approved by 
the IRB of all study sites. All patients provided written informed con-
sent to participate in the study.

2.2  |  Patients

For phase 1 of the study, patients aged ≥20 years with a confirmed 
diagnosis of MDS (according to World Health Organization [WHO] 
4th edition or French- American- British [FAB] classification,33,34 ex-
cluding patients with chronic myelomonocytic leukemia [CMML] or 
refractory anemia with excess blasts in transformation [RAEB- t]) 

and high- risk (IPSS score ≥1.5) or low- risk (IPSS score <1.5) disease 
requiring treatment other than supportive treatment were eligible 
for inclusion irrespective of previous AZA treatment.

For phase 2, patients aged ≥20 years with a confirmed diagnosis 
of MDS (according to WHO 4th edition or FAB classification [includ-
ing CMML and RAEB- t])33,34 and high- risk (IPSS score ≥1.5) or low- 
risk (IPSS score <1.5) disease with myeloblasts ≥5% were eligible if 
they had ≥1 previous cycles of AZA treatment with no subsequent 
treatment after AZA.

Other major inclusion criteria for both parts were a white blood 
cell count ≤12 000/mm3, an Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) score of 0- 2, and HLA- A*24:02, HLA- 
A*02:01, or HLA- A*02:06 positive.

Key exclusion criteria included: patients undergoing allo- HSCT, 
those with concurrent autoimmune disease, those with a history of 
chronic or recurrent autoimmune disease, patients with grade ≥2 
bleeding, and those undergoing long- term systemic steroid therapy.

2.3  |  Assessments

The following data was collected at baseline, including demograph-
ics, MDS history (date of diagnosis, MDS classification,33,34 and pre-
vious treatments), IPSS/IPSS- R score before treatment, concurrent 
diseases, clinical symptoms, peripheral blood and bone marrow find-
ings, and ECOG PS. Data on blood transfusions was collected from 
8 weeks before the initial DSP- 7888 dose until completion of the 
final assessment.

2.3.1  |  Dose- limiting toxicities and maximum 
tolerated dose

The MTD was defined as the highest dose at which no more than 
one out of six patients experienced a DLT, and the RP2D was de-
termined by safety and biomarker activity. Dose- limiting toxicities 
were assessed within 29 days after the first DSP- 7888 dose phase 1 
and were defined as any ADR that met the following criteria: grade 4 
febrile neutropenia (FN); grade 4 electrolyte abnormalities or grade 
3 electrolyte abnormalities persisting for ≥7 days; grade 4 ISR or 
grade 3 ISR that the investigator deemed uncontrolled; grade 4 in-
fections; or other grade ≥3 nonhematologic toxicities.

2.3.2  |  Safety

Adverse events and ADR were monitored throughout the study, 
according to the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events version 4.03. Adverse drug reactions 
were defined as AE for which a causal relationship to DSP- 7888 
could not be denied. Dose reductions or interruptions were permit-
ted in the event of an AE considered possibly related to the study 
drug. For patients on a starting dose of 3.5 mg in 200 μL of emulsion 
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across two injection sites outside of the DLT evaluation period, a 
reduction in the dose of the peptide to 1.75 mg in 100 μL of emul-
sion across 1- 2 injection sites or 0.875 mg in 50 μL of emulsion at one 
injection site was permitted. Patients requiring a dosage reduction 
from 3.5 mg in 200 μL of emulsion during the DLT evaluation period 
were discontinued from the study. For patients on a starting dose of 
10.5 mg in 600 μL of emulsion across six injection sites, a reduction 
in the dose of the peptide to 3.5 mg in 200 μL of emulsion across 
two injection sites was permitted, or 1.75 or 0.875 mg were also 
permitted if 3.5 mg was not tolerated. Vital signs, laboratory vari-
ables, and 12- lead electrocardiogram and chest X- ray findings were 
also monitored.

2.3.3  |  Efficacy

Primary efficacy endpoint
The primary efficacy endpoint was OS, defined as the period from 
the date of DSP- 7888 initiation until the date of death from any 
cause. Patients alive at the time of analysis were censored at the last 
date known to be alive. As the median OS from historical data was 
5.6 (95% CI, 5.0- 7.2) months,19 the prespecified survival threshold 
was set at 7.2 months. Based on this, it was concluded that DSP- 
7888 would be considered effective if the lower limit of the 90% CI 
for the median OS exceeded 7.2 months.

Secondary efficacy endpoints
Secondary efficacy endpoints were the hematological response rate 
and the disease control rate. Hematologic response was evaluated 
according to the International Working Group (IWG) 2006 response 
criteria.35 The proportion of patients with hematologic improve-
ment, cytogenetic response (both evaluated according to IWG 2006 
response criteria),35 transfusion independence, and AML transfor-
mation were also assessed. Transfusion independence was defined 
as ≥8 weeks without red blood cell and/or platelet transfusion. Time 
to AML transformation was calculated as the length of time from the 
date of DSP- 7888 initiation to the date of a definite AML diagno-
sis. For patients without AML transformation at the time of analysis, 
data was censored at the date of last sampling.

2.3.4  |  Biomarkers

Delayed- type hypersensitivity (DTH) response to DSP- 7888- K and 
DSP- 7888- H was measured separately to confirm the induction of 
WT1- specific immune response (IR). Suspensions of each peptide 
and a negative control solution were each injected intradermally into 
different sites of the same forearm, with the diameter of redness 
measured 2 days after injection. DTH assessments were performed 
within 28 days before the first dose of DSP- 7888 and on Day 3 of 
Cycles 3 and 13 and within 28 days after the last dose of DSP- 7888. 
Responses were classified according to the difference from the con-
trol as: (a) (−) <2 mm; (b) (±) ≥2 mm but <5 mm; (c) (+) ≥5 mm but 

<10 mm; (d) (2+) ≥10 mm but <15 mm; and (e) (3+) ≥15 mm. Positive 
DTH responses were considered DTH ±, +, 2+, and 3+ reactions.

Wilms’ tumor gene 1- specific CD8+ T cell induction in periph-
eral blood was assessed to confirm the mechanism of action of 
DSP- 7888 and examine the relationship with safety and efficacy. 
The percentage of WT1- specific CD8+ T cells was measured using 
an HLA tetramer assay, with assessments performed within 28 days 
before the first dose of DSP- 7888; on Day 15 of Cycles 2, 6, 12, 
and 18; every six cycles thereafter; and within 28 days after the 
last dose of DSP- 7888. Three tetramers provided by MEDICAL 
& BIOLOGICAL LABORATORIES were used in this study: (a) “T- 
Select HLA- A*24:02 modified WT1 Tetramer- CYTWNQMNL- PE”; 
(b) “T- Select HLA- A*02:01 WT1 Tetramer- RMFPNAPYL- APC”; and 
(c) HLA- A*02:01 WT1 tetramer- VLDFAPPGA- PE, which was cus-
tomized at the request of the sponsor. WT1- specific CD8+ T cell 
induction was confirmed if the WT1 CD8+ tetramer+ T cell/Total 
CD8+ T cell ratio to baseline was ≥2 at any time and the WT1 CD8+ 
tetramer+ T cell was ≥10 at that time. If the WT1 tetramer+ CD8+ 
T cell at baseline was 0, WT1- specific CD8+ T cell induction was 
confirmed when the WT1 tetramer+ CD8+ T cell was ≥10 at any 
time. If either a positive DTH- K response or WT1- specific CD8+ T 
cell induction (confirmed by HLA tetramer assay) was confirmed, 
the diagnosis was “WT1- specific IR positive.” WT1 messenger RNA 
(mRNA) expression levels in the bone marrow and peripheral blood 
were also measured prior to treatment (≤28 days prior to first ad-
ministration); on Day 15 before doses 2, 6, and 12; and following 
every six cycles thereafter.

With the exception of DTH response to WT1 peptides, biomark-
ers were measured at a central laboratory.

2.4  |  Statistical analysis

The full analysis set comprised all patients who received ≥1 dose 
of DSP- 7888 and the safety analysis set comprised all patients who 
received ≥1 dose of DSP- 7888, which contained a DTH solution. The 
efficacy analysis set included patients with higher- risk MDS after 
AZA failure in phases 1 and 2 (ie some patients in the phase 1 part of 
the study who met the eligibility criteria for the phase 2 part and all 
patients in the phase 2 part of the study). For phase 1, a maximum of 
12 patients was planned based on the 3 + 3 design. For patients with 
higher- risk MDS who had failed prior AZA therapy, a maximum of 42 
subjects was planned. This calculation was based on historical data 
reporting a median OS of 5.6 (95% CI, 5.0- 7.2) months in this patient 
population.19 In the subgroup analysis of the phase 1/2 trial using 
our earlier vaccine, WT4869, a median OS of 13.0 (95% CI, 7.3- NA) 
months was reported in 11 patients with higher- risk MDS after AZA 
failure.32 As DSP- 7888 was expected to be equivalent or more ef-
ficacious than WT4869, a median OS of 14.0 months was assumed, 
with the lower bound of the two- sided 90% CI set at 80% above the 
upper threshold of 7.2 months based on historical data.

The Kaplan- Meier method was used to calculate the median sur-
vival and time to AML transformation.
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Subgroup analyses of efficacy were performed in patients with 
higher- risk MDS by WT1- specific IR.

All statistical analyses were performed using SAS software ver-
sion 9.4 (SAS Institute).

3  |  RESULTS

3.1  |  Patient disposition

Between May 2015 and December 2019, 48 patients met the eligi-
bility criteria and were enrolled, including 12 patients in phase 1 (six 
patients each in cohorts 1 and 2) and 36 patients in phase 2. Forty- 
seven patients (phase 1, n = 12; phase 2, n = 35) received ≥1 dose 
of DSP- 7888 and comprised the full analysis set and safety analysis 
set, respectively (Figure 1). For the efficacy analysis set, 42 patients 
with higher- risk MDS, defined as Int- 1 with myeloblasts ≥5%, Int- 2, 
or a high category based on IPSS, were included.

Among the safety analysis set, all (100.0%) patients in phases 1 
and 2 discontinued treatment with DSP- 7888. The primary reasons 
for treatment discontinuation were disease progression (PD; n = 27) 

and AE (n = 9), including two patients with ADR (myocarditis, n = 1; 
cellulitis and pyoderma gangrenosum, n = 1).

3.2  |  Patient characteristics

Baseline demographic and clinical characteristics of patients in the 
safety analysis set, and those with higher- risk and other MDS, are 
presented in Table 1. The median (min- max) age at study enroll-
ment was 74.0 (52- 93) years, and most patients (n = 35, 74.5%) were 
male and had the HLA- A*24:02 allele (n = 28, 59.6%). The major-
ity of patients had IPSS Int- 2 (n = 28, 59.6%) and high- risk (n = 9, 
19.1%) disease, and 44.7% (n = 21) had a hemoglobin level <8 g/dL 
at baseline. A total of 53.2% (n = 25) of patients received transfu-
sion of ≥4 units (ie 800 mL) of red blood cells within 56 days before 
treatment, and 27.7% (n = 13) of patients received transfusion of 
≥10 units of platelets within 56 days before treatment. Among pa-
tients with higher- risk MDS who had failed AZA (n = 42), the median 
(min- max) duration of prior AZA therapy was 9.4 (0.3- 29.3) months, 
and the main reasons for discontinuation were primary (42.9%) and 
secondary (52.4%) treatment failure, followed by intolerance (4.8%).

F I G U R E  1  Patient disposition. aEfficacy analysis set comprises higher- risk MDS patients who had failed azacitidine therapy (N = 42). FAS, 
full analysis set; MDS, myelodysplastic syndromes; PD, progressive disease; SAF, safety analysis set
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TA B L E  1  Demographic and baseline clinical characteristics

Higher- risk MDS after AZA failure (N = 42) Other MDS (N = 5) Total (N = 47)

Sex, male, n (%) 32 (76.2) 3 (60.0) 35 (74.5)

Age, years, median (range) 74 (63- 93) 76 (52- 89) 74 (52- 93)

HLA Type (Class I), n (%)

A*02:01 4 (9.5) 1 (20.0) 5 (10.6)

A*02:01/A*24:02 5 (11.9) 0 5 (10.6)

A*02:06 6 (14.3) 1 (20.0) 7 (14.9)

A*02:06/A*24:02 2 (4.8) 0 2 (4.3)

A*24:02 25 (59.5) 3 (60.0) 28 (59.6)

ECOG PS, n (%)

0 24 (57.1) 4 (80.0) 28 (59.6)

1 16 (38.1) 1 (20.0) 17 (36.2)

2 2 (4.8) 0 2 (4.3)

WHO classification category, n (%)

RCUD (RA) 0 1 (20.0) 1 (2.1)

RCUD (RT) 1 (2.4) 0 1 (2.1)

RARS 0 1 (20.0) 1 (2.1)

RCMD 3 (7.1) 2 (40.0) 5 (10.6)

RAEB- 1 16 (38.1) 0 16 (34.0)

RAEB- 2 15 (35.7) 1 (20.0) 16 (34.0)

MDS- U 1 (2.4) 0 1 (2.1)

N/A 6 (14.3) 0 6 (12.8)

FAB classification category, n (%)

RA 5 (11.9) 3 (60.0) 8 (17.0)

RARS 0 1 (20.0) 1 (2.1)

RAEB 30 (71.4) 1 (20.0) 31 (66.0)

RAEB- t 7 (16.7) 0 7 (14.9)

IPSS risk category, n (%)

Low 0 1 (20.0) 1 (2.1)

Int- 1 5 (11.9) 3 (60.0) 8 (17.0)

Int- 2 27 (64.3) 1 (20.0) 28 (59.6)

High 9 (21.4) 0 9 (19.1)

N/A 1 (2.4) 0 1 (2.1)

IPSS Karyotype category, n (%)

Good 12 (28.6) 3 (60.0) 15 (31.9)

Intermediate 9 (21.4) 2 (40.0) 11 (23.4)

Poor 20 (47.6) 0 20 (42.6)

N/A 1 (2.4) 0 1 (2.1)

IPSS- R risk category, n (%)

Low 0 2 (40.0) 2 (4.3)

Intermediate 5 (11.9) 2 (40.0) 7 (14.9)

High 13 (31.0) 1 (20.0) 14 (29.8)

Very high 23 (54.8) 0 23 (48.9)

N/A 1 (2.4) 0 1 (2.1)

IPSS- R Karyotype risk category, n (%)

Good 11 (26.2) 3 (60.0) 14 (29.8)
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3.3  |  DSP- 7888 treatment

The median (min- max) number of doses of DSP- 7888 was 7.0 (1.0- 
43.0), the median (min- max) treatment duration was 3.3 (0- 33.1) 
months, and the median (min- max) total administered dose was 56.0 
(10.5- 451.5) mg.

3.4  |  Safety

No DLT were observed in either the 3.5 or 10.5 mg dose cohorts 
in phase 1; therefore, the MTD was not determined. There was no 

significant difference in safety profile, including ISR, between 3.5 
and 10.5 mg dose cohorts.

The most common AE (≥20% incidence) during DSP- 7888 treat-
ment are presented in Table 2. Adverse events occurred in all (n = 47, 
100.0%) patients, including six patients (100.0%) each in cohorts 1 
and 2 in phase 1 and 35 patients (100.0%) in phase 2.

Adverse drug reactions occurred in most (n = 43, 91.5%) pa-
tients, including six patients (100.0%) each in Cohorts 1 and 2 in 
phase 1 and 31 patients (88.6%) in phase 2 (Table 3). Adverse drug 
reactions leading to dose reduction or dose interruption occurred 
in 17 patients (36.2%) and seven patients (14.9%), respectively, and 
those leading to drug withdrawal occurred in two patients (4.3%). 

Higher- risk MDS after AZA failure (N = 42) Other MDS (N = 5) Total (N = 47)

Intermediate 13 (31.0) 2 (40.0) 15 (31.9)

Poor 2 (4.8) 0 2 (4.3)

Very poor 15 (35.7) 0 15 (31.9)

N/A 1 (2.4) 0 1 (2.1)

Bone marrow blasts, n (%)

≤2% 3 (7.1) 2 (40.0) 5 (10.6)

3−<5% 3 (7.1) 2 (40.0) 5 (10.6)

5- 10% 18 (42.9) 0 18 (38.3)

>10% 18 (42.9) 1 (20.0) 19 (40.4)

Hemoglobin, g/dL, n (%)

≥10 8 (19.0) 0 8 (17.0)

8−<10 16 (38.1) 2 (40.0) 18 (38.3)

<8 18 (42.9) 3 (60.0) 21 (44.7)

Platelets, 1000/μL, n (%)

≥100 5 (11.9) 4 (80.0) 9 (19.1)

50−<100 16 (38.1) 1 (20.0) 17 (36.2)

<50 21 (50.0) 0 21 (44.7)

Neutrophils, 1000/μL, n (%)

≥0.8 15 (35.7) 5 (100.0) 20 (42.6)

<0.8 27 (64.3) 0 27 (57.4)

Duration of prior AZA treatment, months, 
median (min- max)

9.4 (0.3- 29.3) – 9.4 (0.3- 29.3)

Duration from AZA treatment cessation 
to study drug administration, months, 
median (min- max)

1.6 (1.0- 49.4) – 1.6 (1.0- 49.4)

Type of AZA failure, n (%)

Primary failurea 18 (42.9) – 18 (38.3)

Secondary failureb 22 (52.4) – 22 (46.8)

AZA intolerancec 2 (4.8) – 2 (4.3)

AE, adverse event; AZA, azacitidine; CR, complete remission; ECOG, Eastern Cooperative Oncology Group; FAB, French- American- British, HI, 
hematologic improvement; HLA, human leukocyte antigen; IPSS, International Prognostic Scoring System; IPSS- R, revised International Prognostic 
Scoring System; mCR, bone marrow complete remission; MDS- U, MDS unclassifiable; PR, partial remission; RA, refractory anemia; RAEB, refractory 
anemia with excess blasts; RARS, refractory anemia with ringed sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCUD, 
refractory cytopenia with unilineage dysplasia; RN, refractory neutropenia; RT, refractory thrombocytopenia.
aDefined as SD or PD.
bDefined as failure after CR/mCR/PR/HI.
cDefined as treatment discontinuation due to AE.

TA B L E  1  (Continued)
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The most common ADR was ISR, occurring in 43 patients (91.5%), 
with a smaller proportion experiencing pyrexia (n = 5, 10.6%) and 
FN (n = 4, 8.5%). Adverse drug reactions were generally manage-
able, and no grade ≥4 ADR occurred in ≥5% of patients (Table 4). The 
most common grade 3 ADR was ISR (n = 15, 31.9%), followed by FN 
(n = 4, 8.5%).

Serious ADR occurred in 9 (19.1%) patients, including 3 
(25.0%) patients in phase 1 and six patients (17.1%) in phase 2. 
In phase 1, one patient in Cohort 1 developed a serious ADR of 
ISR (not recovered [the patient died due to PD]), pyrexia (recov-
ered) and myocarditis (recovering), and two patients in Cohort 2 
developed serious ADR of ISR (not recovered [the patient discon-
tinued due to lack of efficacy]/recovering, respectively), one of 
whom also developed supraventricular tachycardia (recovering). 
In phase 2, six patients developed serious ADR, including one 

patient who developed cellulitis (recovered) and pyoderma gan-
grenosum (recovered), four patients who developed FN (recover-
ing [n = 1]; recovered [n = 3]), and one patient who developed 
pyrexia (recovered).

A total of three deaths (6.4%) occurred, including one patient 
(16.7%) who developed fatal sepsis (Cohort 2, phase 1) and two 
(5.7%) patients who developed splenic abscess/large intestinal per-
foration/peritonitis/ischemic colitis and non– small cell lung cancer, 
respectively (phase 2). In the patient who developed non– small cell 
lung cancer, the tumor was detected during phase 2 and was rapidly 
fatal within 1 month of diagnosis. However, no deaths were related 
to DSP- 7888.

The relationship between the ISR and WT1- specific IR are pre-
sented in Figure 2. The proportion of patients who had a positive 
WT1- specific IR increased with increasing ISR grade.

Phase 1

Phase 2 
(N = 35)

Total 
(N = 47)

Cohort 1 
(N = 6)

Cohort 2 
(N = 6)

Number of evaluable 
cases

6 6 35 47

Number of cases with 
AE

6 (100.0) 6 (100.0) 35 (100.0) 47 (100.0)

Occurrence of AE, SOC (PT)

Blood and lymphatic system disorders

Febrile neutropenia 0 0 8 (22.9) 8 (17.0)

Gastrointestinal disorders

Nausea 0 ─ ─ ─

Stomatitis 2 (33.3) 0 4 (11.4) 6 (12.8)

General disorders and administration site conditions

Injection- site 
reaction

6 (100.0) 6 (100.0) 31 (88.6) 43 (91.5)

Pyrexia 1 (16.7) 1 (16.7) 12 (34.3) 14 (29.8)

Edema 0 2 (33.3) 1 (2.9) 3 (6.4)

Infections and infestations

Pharyngitis 2 (33.3) 0 1 (2.9) 3 (6.4)

Sepsis 0 2 (33.3) 0 2 (4.3)

Injury, poisoning, and procedural complications

Contusion 0 2 (33.3) 1 (2.9) 3 (6.4)

Metabolism and nutrition disorders

Iron overload 1 (16.7) 3 (50.0) 6 (17.1) 10 (21.3)

Nervous system disorders

Dysgeusia 2 (33.3) 1 (16.7) 1 (2.9) 4 (8.5)

Skin and subcutaneous tissue disorders

Rash 2 (33.3) 1 (16.7) 1 (2.9) 4 (8.5)

Asteatosis 0 2 (33.3) 2 (5.7) 4 (8.5)

Note: Data are presented as n (%).
AE, adverse event; PT, preferred term; SAE, serious adverse event; SOC, system organ class.
aRows that contain any event with a frequency of ≥20% are presented.

TA B L E  2  Occurrence of common 
adverse events (with an incidence of 
≥20%)a overall and by study cohort
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3.5  |  Efficacy

Clinical activity in the efficacy analysis set is summarized in Table 5. 
Median OS for patients in the efficacy analysis set was 8.6 months 
(90% CI, 6.8- 10.3 months; Figure 3). Treatment outcomes for each 
of the IPSS- R karyotype categories are shown in Figure 4. When 
examined by WT1- specific IR, the median OS was 10.0 (90% CI, 7.6- 
11.4) months in patients with a positive WT1- specific IR compared 
to 4.1 months (90% CI, 2.3- 8.1 months) in those without a response 
(P = .0034; Figure 5). A similar trend was observed in patients with 
a positive DTH response to DSP- 7888- K (Figure 6) and those with a 
positive WT1- specific CD8+ T cell response (Figure 7).

Disease control (95% CI) was achieved in eight patients (19.0%) 
in the efficacy analysis set, and clinical efficacy (complete remission, 
partial remission, bone marrow complete remission, and hemato-
logic improvement) was achieved in four patients (9.5%; Table 5). 
The best hematological response was SD in eight patients (19.0%) 
and PD in 33 patients (78.6%). The median (min- max) duration of he-
matological response in patients with SD was 4.4 (3.8- 12.8) months. 
A small proportion of patients experienced erythroid hematologic 
improvement (n = 2, 4.8%), platelet hematologic improvement, 

and neutrophil hematologic improvement (n = 1, 2.4% each). No 
patients became transfusion independent and half (n = 21, 50.0%) 
of the patients had transformed to AML by the end of the study, 
with a median time to AML transformation of 7.1 months (95% CI, 
3.8- 16.1 months).

3.6  |  Biomarkers

In phase 1, WT1- specific CD8+ T cell induction was relatively higher 
in Cohort 2 (10.5 mg) than in Cohort 1 (3.5 mg; Figure 8). Figure S1 
presents the results of the WT1 tetramer staining at baseline and 
on Day 15 of Cycle 2 in a patient who was WT1- specific CD8+ T cell 
induction positive.

Delayed- type hypersensitivity response was evaluated in 
44/47 patients (93.6%) in the full analysis set and 39/42 patients 
(92.9%) in the efficacy analysis set. In the full analysis set, 33 pa-
tients (75.0%) and 28 patients (63.6%) experienced a response to 
the DSP- 7888- K and DSP- 7888- H peptides, respectively. In the ef-
ficacy analysis set, 29 patients (74.4%) and 24 patients (61.5%) pa-
tients experienced a response to the DSP- 7888- K and DSP- 7888- H 

Phase 1

Phase 2 
(N = 35)

Total 
(N = 47)

Cohort 1 
(N = 6)

Cohort 2 
(N = 6)

Number of cases with ADR 6 (100.0) 6 (100.0) 31 (88.6) 43 (91.5)

Number of related SAE 1 (16.7) 2 (33.3) 6 (17.1) 9 (19.1)

Number of deaths related to study 
drug

0 0 0 0

Number of discontinuations due 
to ADR

1 (16.7) 0 1 (2.9) 2 (4.3)

Number of dose reductions due 
to ADR

2 (33.3) 4 (66.7) 11 (31.4) 17 (36.2)

Number of dose interruptions due 
to ADR

2 (33.3) 1 (16.7) 4 (11.4) 7 (14.9)

Occurrence of ADR, SOC (PT)

Blood and lymphatic system disorders

Febrile neutropenia 0 0 4 (11.4) 4 (8.5)

Cardiac disorders

Myocarditis 1 (16.7) 0 0 1 (2.1)

Supraventricular tachycardia 0 1 (16.7) 0 1 (2.1)

General disorders and administration site conditions

Injection- site reaction 6 (100.0) 6 (100.0) 31 (88.6) 43 (91.5)

Pyrexia 1 (16.7) 0 4 (11.4) 5 (10.6)

Musculoskeletal and connective tissue conditions

Myalgia 1 (16.7) 0 0 1 (2.1)

Nervous system disorders

Dysgeusia 2 (33.3) 0 0 2 (4.3)

Note: Data are presented as n (%).
ADR, adverse drug reaction; PT, preferred term; SOC, system organ class.
aRows that contain any event with a frequency of ≥5% are presented.

TA B L E  3  Occurrence of common 
adverse drug reactions (with an incidence 
of ≥5%)a overall and by study cohort
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peptides, respectively. Of 47 patients in the full analysis set who 
had WT1- specific CD8+ T cell induction measured at baseline and 
after ≥1 study drug administration, 31 patients (66.0%) reported 
an increased percentage of WT1- specific CD8+ T cell induction. A 
total of 37 patients (78.7%) experienced a positive WT1- specific IR, 
defined as DTH- K reaction- positive or WT1- specific CD8+ T cell 
positivity. In the efficacy analysis set, 27 patients (64.3%) reported 
an increased percentage of WT1- specific CD8+ T cell induction, 
and 33 patients (78.6%) experienced a positive WT1- specific IR. No 
significant differences in IR were observed between HLA- A types 
(Table 6).

The expression level of WT1 mRNA in bone marrow was slightly 
decreased from the baseline (median [min- max]: 12 500 [200- 
210 000]) at Cycle 6 (median [min- max]: 7450 [300- 120 000]) but 
had increased by the end of the study (median [min- max]: 23 000 

[300- 280 000]). Similarly, the expression level of WT1 mRNA in the 
peripheral blood did not decrease substantially from the baseline 
(median [min- max]: 2900 [50- 140 000]) to Cycle 6 (median [min- 
max]: 2400 [50- 75 000]) but was elevated by the end of the study 
(median [min- max]: 11 000 [50- 250 000]).

4  |  DISCUSSION

This phase 1/2 study showed the safety and clinical activity of DSP- 
7888 in patients with higher- risk MDS who had failed prior AZA 
treatment. No DLT were observed at either the 3.5 or 10.5 mg dose, 
and there was no significant difference in safety profile, including 
ISR, between dose cohorts. In addition, WT1- specific CD8+ T cell in-
duction was relatively higher in Cohort 2 (10.5 mg) than in Cohort 1 

Occurrence of ADR 
(SOC/PT) Grade 1 Grade 2 Grade 3 Grade 4b Grade 5

Phase 1, Cohort 1 (N = 6)

Cardiac disorders

Myocarditis 0 0 1 (16.7) 0 0

General disorders and administration site conditions

Injection- site reaction 2 (33.3) 1 (16.7) 3 (50.0) 0 0

Pyrexia 0 0 1 (16.7) 0 0

Musculoskeletal and connective tissue conditions

Myalgia 1 (16.7) 0 0 0 0

Nervous system disorders

Dysgeusia 0 2 (33.3) 0 0 0

Phase 1, Cohort 2 (N = 6)

Cardiac disorders

Supraventricular 
tachycardia

0 0 1 (16.7) 0 0

General disorders and administration site conditions

Injection- site reaction 2 (33.3) 0 4 (66.7) 0 0

Phase 2 (N = 35)

Blood and lymphatic system disorders

Febrile neutropenia 0 0 4 (11.4) 0 0

General disorders and administration site conditions

Injection- site reaction 8 (22.9) 15 (42.9) 8 (22.9) 0 0

Pyrexia 4 (11.4) 0 0 0 0

Total (N = 47)

Blood and lymphatic system disorders

Febrile neutropenia 0 0 4 (8.5) 0 0

General disorders and administration site conditions

Injection- site reaction 12 (25.5) 16 (34.0) 15 (31.9) 0 0

Pyrexia 4 (8.5) 0 1 (2.1) 0 0

Note: Data are presented as n (%).
ADR, adverse drug reaction; PT, preferred term; SOC, system organ class.
aRows that contain any event with a frequency of ≥5% are presented.
bAn instance of Grade 4 pancytopenia occurred in one patient (2.1%) during the study.

TA B L E  4  Occurrence of common 
adverse drug reactions (with an incidence 
of ≥5%)a by severity
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(3.5 mg; Figure 8). Thus, 10.5 mg was selected as the RP2D based on 
the favorable safety profile and biomarker activity.

The most common ADR was ISR (in 91.5% of patients), which 
was manageable in all patients and did not lead to treatment dis-
continuation. Grade 3 ISR were reported in 7/12 patients (58.3%) in 
phase 1. Therefore, risk minimization measures for ISR were imple-
mented for phase 2, including guidance on dose reduction, extension 
of dosing intervals, and/or treatment of ISR with corticosteroids, as 
required. Further, the guidance recommends selection of several in-
jection site areas surrounding regional lymph nodes (ie upper arm, 
lower abdomen, and femoral). These measures likely contributed 
to the reduction in grade 3 ISR (8/35 patients, 22.9%) in phase 2. 
Febrile neutropenia occurred in a small proportion of patients (n = 4, 
8.5%). However, two out of four patients had low neutrophil counts 
(<1000/μL) before DSP- 7888 treatment. Since cytopenias are inher-
ent to MDS, it is difficult to assess the extent to which neutropenia 
was therapy- related or part of MDS progression. It is also difficult 
to differentiate FN from post– vaccine pyrexia in patients with MDS. 
One (16.7%) patient developed myocarditis during the phase 1 part 
of our study. The patient had initially developed an injection- site re-
action, followed by pyrexia and viral pharyngitis and subsequently 
developed myocarditis. Although viral infections are recognized as 
the most frequent cause of myocarditis,36 a causal relationship to 
DSP- 7888 could not be denied and, thus, it was considered an ADR.

In terms of clinical activity, disease control was achieved in 
eight patients (19.0%) in the efficacy analysis set. The median OS 
was 8.6 months (90% CI, 6.8- 10.3 months) in patients with higher- 
risk MDS after AZA therapy. Although the lower bound of the 90% 
CI in our study (6.8 months) was marginally lower than the upper 

F I G U R E  2  Relationship between 
injection- site reactions and WT1- specific 
immune responses. WT1, Wilms’ tumor 
gene 1

TA B L E  5  Summary of clinical activity in patients with higher- risk 
MDS after AZA failure

Clinical activity Total (N = 42)

Response rate 0 (0)

Disease control rate 8 (19.0)

Clinical efficacy (CR, PR, mCR, HI) 4 (9.5)

Median duration of disease control 2.7 months

Hematological response

Stable disease 8 (19.0)

Progressive disease 33 (78.6)

Not evaluable 1 (2.4)

Median duration of hematological 
responsea

4.4 months

Hematologic improvement

Erythroid 2 (4.8)

Platelet 1 (2.4)

Neutrophil 1 (2.4)

Median (90% CI) overall survival 8.6 (6.8- 10.3) months

Median (95% CI) time to AML 
transformation

7.1 (3.8- 16.1) months

Note: Data are presented as n (%), unless otherwise specified. The best 
response was not evaluated in one patient. In those categories, the 
response rate, disease control rate, and hematologic improvement data 
were not available for one patient and the calculations only included 41 
patients.
AML, acute myeloid leukemia; AZA, Azacitidine; CR, complete 
remission; HI, hematological improvement; mCR, bone marrow 
complete remission; PR, partial remission.
aIn patients with stable disease.
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bound of the 95% CI reported in historical data (median OS: 5.6 
[95% CI, 5.0- 7.2] months),19 survival was prolonged when com-
pared against historical data.19,29 Further, the median OS reported 
in this study was shorter than the 13.0 months reported with 
WT4869.32 However, this is not entirely unexpected considering 
that the previous result with WT4869 was from a subgroup analysis 
with a small sample size (n = 11), and only 42.3% (n = 11) of patients 

in that study had higher- risk MDS and had previously failed AZA 
therapy. The median time to AML transformation was 7.1 months 
(95% CI, 3.8- 16.1 months). Patients with all IPSS- R karyotypes ex-
perienced extended survival compared with the best supportive 
care arm in the phase 3 rigosertib study,37 which was more pro-
nounced in the “very good/good,” “intermediate” and “poor” karyo-
type groups compared with the “very poor” karyotype (Figure 4). 

F I G U R E  3  Overall survival in patients 
with higher- risk MDS after AZA failure. 
AZA, Azacitidine; MDS, myelodysplastic 
syndromes; OS, overall survival

F I G U R E  4  Summary of treatment and outcomes in patients with higher- risk MDS after AZA failure according to the Revised International 
Prognostic Scoring System Karyotype. AZA, Azacitidine; MDS, myelodysplastic syndromes; OS, overall survival
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Due to its mechanism of action, DSP- 7888 treatment is expected 
to be particularly suited to less aggressive rather than rapidly ag-
gressive disease due to the time needed to induce immunity and 
produce a clinical response.

A total of 78.7% of patients experienced a positive WT1- specific 
IR. Injection- site reactions were the most common ADR and were 
positively associated with WT1- specific IR. Compared with patients 
without a WT1- specific IR, those with a positive WT1- specific IR 

F I G U R E  5  Overall survival in patients 
with higher- risk MDS after AZA failure 
according to WT1- specific immune 
response category. AZA, Azacitidine; 
MDS, myelodysplastic syndromes; OS, 
overall survival; WT1, Wilms’ tumor gene 
1

F I G U R E  6  Overall survival in 
patients with higher- risk MDS after AZA 
failure according to DTH response to 
DSP- 7888- K. AZA, Azacitidine; DTH, 
delayed type hypersensitivity; MDS, 
myelodysplastic syndromes; OS, overall 
survival

F I G U R E  7  Overall survival in patients 
with higher- risk MDS after AZA failure 
according to WT1- specific CD8+ T cells. 
AZA, Azacitidine; MDS, myelodysplastic 
syndromes; OS, overall survival
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experienced significantly longer OS (P = .0034). Because patients 
with a longer OS were able to receive DSP- 7888 for a longer period 
of time, WT1- specific IR may have been more common in such pa-
tients. Conversely, the WT1- specific IR may have directly contrib-
uted to the longer OS observed.

The limitations of this study were inherent to phase 1/2 studies 
and included the small sample size, lack of a control arm, and use 
of historical controls to set the survival threshold. There may have 
been important differences in patient characteristics compared with 
historical data, which may have impacted the reliability of relative 

assessments of outcomes. For example, only 16.7% of patients with 
RAEB- t were included in the efficacy analysis set in our study, com-
pared to 26.0% and 23.0% of patients in the studies by Prébet et al 
(2011) and Garcia- Manero et al (2016), respectively.19,37 As the prog-
nosis for patients with AML transformation is particularly poor, this 
discrepancy may have resulted in an overestimation of the benefits 
observed in our study. Nevertheless, the results of this phase 1/2 
study showed the tolerability and clinical activity of DSP- 7888 in pa-
tients with higher- risk MDS who had failed AZA, a population with 
few treatment options.

F I G U R E  8  Individual plot of CTL 
induction with WT1 vaccine: Phase 
1. *One patient in Cohort 1 (3.5 mg) 
was not evaluable because an accurate 
measurement of WT1 CD8+ tetramer+ 
by flow cytometry was hampered by 
background fluorescence. CTL, cytotoxic 
T lymphocyte; WT1, Wilms’ tumor gene 1

TA B L E  6  Summary of immune response in patients with higher- risk MDS after AZA failure and by HLA type

Clinical activity
Total 
(N = 47)

Higher- Risk MDS after 
AZA failure (N = 42)

A*02:01 or 
A*02:06 (N = 10)

A*02:01/A*24:02 or 
A*02:06/A*24:02 (N = 7)

A*24:02 
(N = 25)

Maximum DSP- 7888- K response grade n = 44 n = 39 n = 10 n = 7 n = 22

− 11 (25.0) 10 (25.6) 4 (40.0) 1 (14.3) 5 (22.7)

± 7 (15.9) 5 (12.8) 1 (10.0) 0 4 (18.2)

+ 11 (25.0) 11 (28.2) 4 (40.0) 2 (28.6) 5 (22.7)

2+ 6 (13.6) 6 (15.4) 0 1 (14.3) 5 (22.7)

3+ 9 (20.5) 7 (17.9) 1 (10.0) 3 (42.9) 3 (13.6)

Maximum DSP- 7888- H response grade n = 10 n = 7 n = 22

− 16 (36.4) 15 (38.5) 4 (40.0) 4 (57.1) 7 (31.8)

± 4 (9.1) 3 (7.7) 0 0 3 (13.6)

+ 6 (13.6) 6 (15.4) 3 (30.0) 0 3 (13.6)

2+ 12 (27.3) 10 (25.6) 1 (10.0) 2 (28.6) 7 (31.8)

3+ 6 (13.6) 5 (12.8) 2 (20.0) 1 (14.3) 2 (9.1)

WT1- specific CD8+ T cells n = 10 n = 7 n = 25

Positive 31 (66.0) 27 (64.3) 7 (70.0) 6 (85.7) 14 (56.0)

No response 16 (34.0) 15 (35.7) 3 (30.0) 1 (14.3) 11 (44.0)

WT1- specific immune response n = 10 n = 7 n = 25

Positive 37 (78.7) 33 (78.6) 8 (80.0) 6 (85.7) 19 (76.0)

No response 10 (21.3) 9 (21.4) 2 (20.0) 1 (14.3) 6 (24.0)

Note: Number of patients (%) are shown.
AZA, azacitidine; DTH, delayed type hypersensitivity; HLA, human leukocyte antigen; MDS, myelodysplastic syndromes; WT1, Wilms’ tumor gene 1.
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In summary, DSP- 7888 was well tolerated in patients with higher- 
risk MDS who had failed prior AZA treatment. Further, the clinical 
activity of DSP- 7888 was shown, and WT1- specific IR, including 
WT1 specific CD8+ T cell induction, was demonstrated. These find-
ings indicate that further investigation is warranted, including the 
potential for DSP- 7888 to be combined with a wide range of other 
treatments or evaluated in patients with less aggressive disease.
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