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Simple Summary: Treatment results of acute myeloid leukemia (AML) in elderly patients are
unsatisfactory. We investigated in an open label randomized phase II study whether addition of
tosedostat, an aminopeptidase inhibitor, to intensive chemotherapy would improve outcome in
this population. 231 AML patients > 65 years of age were randomly assigned to receive standard
chemotherapy with or without tosedostat for two cycles. We found that complete bone marrow
leukemia clearance was not significantly different between both arms. After two years, survival was
33% for the standard arm versus 18% for the tosedostat arm. More patients died due to infectious
complications in the tosedostat arm than after standard treatment. Also, a cardiac rhythm abnormality
called atrial fibrillation was more often seen in the tosedostat arm. We conclude that the addition
of tosedostat to standard chemotherapy does negatively affect the therapeutic outcome of elderly
patients with acute myeloid leukemia.

Abstract: Treatment results of AML in elderly patients are unsatisfactory. We hypothesized that
addition of tosedostat, an aminopeptidase inhibitor, to intensive chemotherapy may improve outcome
in this population. After establishing a safe dose in a run-in phase of the study in 22 patients,
231 eligible patients with AML above 65 years of age (median 70, range 66–81) were randomly
assigned in this open label randomized Phase II study to receive standard chemotherapy (3+7)
with or without tosedostat at the selected daily dose of 120 mg (n = 116), days 1–21. In the second
cycle, patients received cytarabine 1000 mg/m2 twice daily on days 1-6 with or without tosedostat.
CR/CRi rates in the 2 arms were not significantly different (69% (95% C.I. 60–77%) vs 64% (55–73%),
respectively). At 24 months, event-free survival (EFS) was 20% for the standard arm versus 12%
for the tosedostat arm (Cox-p = 0.01) and overall survival (OS) 33% vs 18% respectively (p = 0.006).
Infectious complications accounted for an increased early death rate in the tosedostat arm. Atrial
fibrillation was more common in the tosedostat arm as well. The results of the present study show
that the addition of tosedostat to standard chemotherapy does negatively affect the therapeutic
outcome of elderly AML patients.

Keywords: AML; high-risk MDS; tosedostat; clinical trial; aminopeptidase inhibitor; elderly

1. Introduction

Acute myeloid leukemia is primarily a disease of the elderly. In these patients the
disease has an even worse perspective than in younger patients because of poor tolerance
to induction chemotherapy treatment and specific disease characteristics, with overrepre-
sentation of poor risk cytogenetics and molecular abnormalities. For fit elderly patients,
intensive chemotherapy with idarubicin/daunorubicin and cytarabine results in com-
plete remissions in 60–70% of patients, but only 20–25% of patients will have long term
leukemia-free survival due to a high rate of relapse.

Clearly, these results need to be improved. Unfortunately, very little progress has been
made to date. The addition of gemtuzumab ozogamycin results in better outcomes but only
in the good-risk and intermediate-risk category and particularly in the core binding factor
leukemias that are rare in the elderly [1]. Exchange of standard anthracycline/cytarabine
combinations with a liposomal formulation (CPX-351) also leads to improved outcomes
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with reduced toxicity, but its use is only approved for secondary AMLs and those with
myelodysplasia related changes [2]. In addition, increased use of allogeneic stem cell
transplantation in the elderly age groups has also resulted in modest improvements of
treatment results [3].

While the benefit of new targeted compounds like venetoclax and IDH1/2 inhibitors as
addition to hypomethylating agents has already been demonstrated in palliative treatment
of unfit patients, their role in potentially curative intensive regimens for fit patients is still
unclear [4–6].

In an effort to improve the outcome of fit elderly AML patients, the HOVON/SAKK
collaborative group designed the HOVON 103 study where several promising compounds
were added to the standard 3+7 backbone in a so-called Octopus design. Every compound
was tested in a randomized way against the standard treatment in relatively small groups
of patients, in order to rapidly select an active drug that would have a large impact on com-
plete remission rates. With this design, around 100 patients per experimental arm would
be needed. Results of the addition of lenalidomide have recently been published [7]. Here,
we report on the results of the tosedostat arm. Tosedostat, the abbreviated name of the oral
ester moiety 2S-[2R-(S-hydroxy-hydroxycarbamoyl-methyl)-4-methylpentanoylamino]-2-
phenylethanoic acid, is a cyclopentyl ester which has aminopeptidase inhibitory activity.
Inhibition of aminopeptidase leads to a reduction of protein recycling by a deprivation
of free amino acids in the cell and secondarily to an amino acid deprivation response,
ultimately resulting in a reduction of protein synthesis and cell proliferation [8]. In rapidly
dividing cells like AML cells, this leads to apoptosis. The drug has shown promising
activity in Phase I studies and shows synergism with cytarabine in AML cell lines [9]. It
was therefore a logical step to test the drug in combination with intensive chemotherapy
regimens in AML patients.

Following a dose feasibility run-in study, we selected a dose level of 120 mg tosedostat
for the definitive Phase II randomized study. Here, we report the results of the addition
of tosedostat to standard 3+7 treatment in a prospective Phase 2 randomized study of
231 patients.

2. Results

The tosedostat arm of the study was activated in 2010 and closed after completion of
accrual in 2016. Based on FDA recommendations based on the number of dose limiting
toxicities in a then ongoing phase 1 study, after 23 patients had been treated at tosedostat
180 mg qd, the dose which had been active after first interim analysis, all further enrolled
patients were treated with 120 mg qd. Median FU of patients still alive is 29 months.
The analysis presented here include 116 patients treated on the tosedostat 120 mg arm
and 115 patients in the control arm receiving standard treatment. See CONSORT diagram
shown in Figure 1.

2.1. Patients

Patient characteristics at diagnosis by treatment arm are shown in Table 1. Median age
of the patients was less than one year higher in the experimental arm: 70 versus 69 years
with slightly more patients being >70 years of age. Other major known risk factors were
well-balanced over both arms.

2.2. Treatment, Response, and Outcome

Of 231 eligible patients, 229 patients received the first treatment cycle and 223 (97%)
received full doses of daunomycin according to the protocol and 222 (97%) received full
doses of cytarabine in cycle 1. Sixty-six patients out of 114 (58%) completed the full series
of doses of tosedostat in cycle 1. The majority of the patients who did not receive the
protocol-specified dosages of tosedostat discontinued early due to toxicity. Length of stay
in the hospital was on average two days longer in the tosedostat arm than in the standard
arm (median 30 days compared to 28 days).
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In cycle 2, cytarabine could be administered at full dose in 74 of 79 patients (94%) in the
standard arm and in 62/64 (97%) of the experimental arm. Tosedostat was given according
to the protocol in only 19 of 64 patients (30%), with 30/64 patients (47%) stopped early and,
as in cycle I, dose modifications were mainly due to toxicity. Nineteen patients (17%) in the
standard arm and 10 (9%) in the experimental arm received an upfront alloHSCT.

CR/CRi rate on induction in the tosedostat arm was 64% (95%-CI: 55–73%) and 69%
(95%-CI: 60–77%) in the control arm (p = NS). With a median follow-up time of patients
still alive of 29 months, the overall survival in the tosedostat arm was significantly lower
than in the control arm (Cox-p = 0.006, overall survival (OS) at 2 years 18% vs. 33%, see
Figure 2a), as was event-free survival (p = 0.01; EFS at 2 yrs 12% versus 20, see Figure 2b)
and disease-free survival (p = 0.02; DFS at 2 y 17% vs. 28%, not shown). Due to the
limited number of patients, no separate survival analyses were done for the individual
molecular subgroups.Cancers 2020, 12, x FOR PEER REVIEW 4 of 11 
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Table 1. Baseline patient characteristics.

Standard Arm
(n = 115)

Tosedostat 120 mg
(n = 116) Total

Sex
M 72 (63%) 76 (66%) 148 (64%)
F 43 (37%) 40 (34%) 83 (36%)

Age groups
≤70 years 72 (63%) 64 (55%) 136 (59%)
>70 years 43 (37%) 52 (45%) 95 (41%)

Age
Mean; SD 69.9; 3.26 70.7; 3.75 70.3; 3.53

Median; range 69; 66–79 70; 66–81 70; 66–81
WHO performance

0 63 (55%) 54 (47%) 117 (51%)
1 43 (37%) 50 (43%) 93 (40%)
2 8 (7%) 11 (9%) 19 (8%)

NA 1 (1%) 1 (1%) 2 (1%)
Diagnosis

MDS 15 (13%) 16 (14%) 31 (13%)
AML 100 (87%) 100 (86%) 200 (87%)

Prior HM
No 109 (95%) 106 (93%) 215 (94%)
Yes 6 (5%) 8 (7%) 14 (6%)

AML risk group (acc. to HOVON 103 protocol) *
Good 8 (7%) 2 (2%) 10 (4%)

Intermediate 35 (30%) 39 (34%) 74 (32%)
Poor 60 (52%) 57 (49%) 117 (51%)

Very poor 12 (10%) 18 (16%) 30 (13%)
NPM1 mutation

Neg 51 (44%) 53 (46%) 104 (45%)
Pos 19 (17%) 19 (16%) 38 (16%)
NA 45 (39%) 44 (38%) 89 (39%)

FLT3ITD
Neg 60 (52%) 67 (58%) 127 (55%)
Pos 12 (10%) 7 (6%) 19 (8%)
NA 43 (37%) 42 (36%) 85 (37%)

FLT3 TKD835
Neg 33 (29%) 31 (27%) 64 (28%)
Pos 2 (2%) 3 (3%) 5 (2%)
NA 80 (70%) 82 (71%) 162 (70%)

EVI1 overexpression
Neg 65 (57%) 61 (53%) 126 (55%)
Pos 8 (7%) 11 (9%) 19 (8%)
NA 42 (37%) 44 (38%) 86 (37%)

CEBPA DM
Neg 63 (55%) 68 (59%) 131 (57%)
Pos 4 (3%) 2 (2%) 6 (3%)
NA 48 (42%) 46 (40%) 94 (41%)

FLT3ITD×NPM1 mutation
Pos × Pos 9 (8%) 5 (4%) 14 (6%)
Pos × neg 3 (3%) 1 (1%) 4 (2%)
Neg × Pos 10 (9%) 14 (12%) 24 (10%)
Neg × Neg 47 (41%) 50 (43%) 97 (42%)

NA 46 (40%) 46 (40%) 92 (40%)

HM: Hematological Malignancy; NA: Not available; * see Table S1.
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Figure 2. (a) Overall survival (b) Event-free survival.

Early death rates were higher in the tosedostat arm than in the standard arm. Within
30 days, 19% of patients had died in the experimental arm, compared to 8% in the standard
arm. The 60 days death rates were 28% versus 19%, respectively. See Table 2 for an overview
of these results.

Table 2. Treatment outcome of patients randomized to standard chemotherapy with or without tosedostat.

Standard Treatment Tosedostat
120 mg

HR
(95%-C.I.) p

Complete remission (CR/CRi)
(95% C.I.)

69%
(60–77)

64%
(55–73) 0.431

CR/CRi (after cycle I) 54% 56%
PR (after cycle 1) 4% 5%
RD (after cycle 1) 24% 18%
PR (after cycle 2) 0% 0%
RD (after cycle 2) 6% 6%

Death within 30 days 8% 19%
Death within 60 days 19% 28%

OS at 2 years 33 18 1.51 (1.12–2.03) 0.006
EFS at 2 years 20 12 1.44 (1.08–1.90) 0.01
DFS at 2 years 28 17 1.51 (1.06–2.16) 0.02

CRi: Complete remission with incomplete hematological recovery; C.I.: Confidence interval; HR: Hazard ratio; PR: Partial remission; RD:
Refractory disease; OS: overall survival; EFS: event-free survival; DFS: disease-free survival.

2.3. Adverse Events and Hematological Recovery

In Tables S1 and S2, the number of AEs in cycles 1 and 2 by diagnosis category,
common toxicity criteria (CTCAE version 4) grade, and arm of randomization are given.
The frequencies of grade 3 and 4 CTCs appear higher in the tosedostat arm, with especially
an increased occurrence of infectious grade 4 AEs (22% vs. 5%) during cycle 1. This was
paralleled by the increased early death rate with 13 of 22 deaths within 30 days in the
tosedostat arm due to infectious causes, whereas this was only 2 of 9 in the standard arm.
This was also evident in cycle 2.

Remarkably, an increased number of cases with atrial fibrillation was seen in the
tosedostat arm (18% in cycle 1, versus 4% in the control arm, 9% and 5%, respectively, in
cycle 2, see Table S4), whereas other AEs were comparable between both treatment arms.
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Time to neutrophil or platelet recovery between the two groups did not significantly
differ after cycle 1 nor after cycle 2 (see Figure 3).
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2.4. Measurable Residual Disease (MRD)

In 69 patients (36 in the standard arm and 33 in the experimental arm) MRD was
assessed by multiparameter flow cytometry. In the control arm 75% became MRD negative
as compared to 67% in the tosedostat arm. OS at 2 y was 54% for the MRD negative patients
and 18% for the MRD positive patients (p < 0.001) (see Figure S1). Disease-free survival at
two years was 32% and 7%, respectively (p = 0.005).

3. Discussion

In this open label randomized Phase II trial, we treated fit patients of older age
with intensive chemotherapy with or without the addition of tosedostat, an aminopepti-
dase inhibitor that had shown promising results in several previous smaller trials, where
the drug had either been used as a single agent or in combination with less intensive
chemotherapy [9–13]. Exposure to tosedostat of leukemic blasts in vitro leads to an amino
acid deprivation response, and ultimately to apoptosis. There was a strong synergistic
effect with cytarabine [8]. Tosedostat shuts down the cellular protein recycling machinery
by blocking degradation of proteasome processed proteins to amino-acids. Remarkably,
mammalian cells appear strongly dependent on theses recycled amino acids for their pro-
tein synthesis, even in an extracellular environment where amino acids are abundantly
available. Rapidly dividing cells like leukemic blasts seem especially dependent on this
mechanism and thereby, the drug is expected to show moderate leukemia-specificity.

The HOVON 103 study was designed to test multiple new promising drugs in a
randomized Phase II setting. In this way, first, lenalidomide was tested and showed no
improvement in outcome as recently reported [7]. The results of the current tosedostat
study are quite disappointing. Although CR rates were comparable between the two arms,
reduced survival was seen in the tosedostat arm. This appears to be caused by increased
toxicity related to the addition of the experimental drug. While bone marrow recovery was
not significantly delayed by tosedostat, a higher incidence of (fatal, and mostly bacterial)
infections was seen.
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Previous studies with tosedostat as a single agent in relapsed/refractory AML cases
did not show a signal of increased infection propensity [9,11]. However, in single arm
studies where the drug was combined with intermediate dose cytarabine, decitabine or low
dose cytarabine, rates of grade 3–4 infectious complications were up to 47% [12]. As the
drug did not induce slower recovery of blood cell counts in our study, the higher infection
rate must be explained otherwise. In this regard, it is of interest that aminopeptidase
inhibition shuts down production of pro-inflammatory cytokines by monocytes whereas
it increases synthesis of anti-inflammatory cytokines [14]. Tosedostat also inhibits CD13,
(an aminopeptidase itself), which leads to reduced phagocytic activity of macrophages
and to reduced development and maturation of dendritic cells from monocytes [14]. In
addition, tosedostat, through its intracellular amino acid deprivation activity displays
mTOR inhibitory activity, which may limit T-cell proliferation and T-cell differentiation
towards effector T-cells [15]. The drug may also reduce peptide processing for HLA
presentation [8] A significant subset of T-cells displays esterase activity and may thus
intracellularly capture the active tosedostat metabolite [16]. The severe infections that were
seen in the tosedostat arm were mainly of bacterial origin. Fungal infections were not
increased compared to the control arm, which may relate to the antifungal activity that
tosedostat also exposes [17].

Apparently, addition of new drugs to the current 3+7 standard of chemotherapy
proves to be a difficult developmental path to pursue. With many compounds having
been tested by HOVON and other groups, it is discouraging to see the accumulating
disappointing results of these efforts. It appears that elderly patients can hardly tolerate
any additional toxicity from additive cytotoxic agents when added to the already toxic 3+7
treatment schedule.

Recently, several new and promising targeted compounds have become available, for
treatment of elderly patients with or without specific molecular characteristics, like IDH1
and -2 inhibitors, FLT3- inhibitors and the bcl-2 inhibitor venetoclax and these have in part,
as adjunct to low dose cytarabine or hypomethylating agents, proven beneficial in the unfit
patient groups [18,19]. Hopefully, as these new agents have a rather beneficial toxicity
profile, they will also prove valuable as an addition to more intensive and possibly curative
chemotherapy. New immunotherapeutic strategies are also appearing on the horizon, but
their efficacy still needs to be proven.

4. Materials and Methods
4.1. Patients

Previously untreated patients, 66 years of age or older, with a cytologically confirmed
diagnosis of de novo or secondary AML (not acute promyelocytic leukemia or CML blast
crisis) or with refractory anemia with excess of blasts and a Revised International Prognostic
Scoring System (IPSS) score of higher than 4.5 and a WHO performance score of 2 or less
were eligible for inclusion. Except for hydroxyurea for <2 weeks, no other previous AML
treatment was allowed. Exclusion criteria included clinically significant cardiovascular
disease, including cerebrovascular accidents (<6 months before randomization), myocardial
infarction (<6 months before randomization), unstable angina, New York Heart Association
grade 2 or greater congestive heart failure, serious cardiac arrhythmia requiring medication
and other standard general medical exclusions. The trial was approved by the institutional
review boards of all participating institutions. The study was performed in accordance
with the Declaration of Helsinki, and all patients provided written informed consent.

4.2. Risk Classification

Based on clinical characteristics, karyotype, and molecular genotype of the leukemic
cells, patients were classified into prognostic categories according to Table S1.
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4.3. Study Design and Chemotherapy

Tosedostat was provided free of charge by Chroma Therapeutics (Abingdon, United
Kingdom). The study was divided in two parts. The first part was planned to be a
randomized dose selection run-in phase with oral tosedostat 120 mg/day 1–21 in cycle 1
and day 1–56 in cycle 2 added to standard induction chemotherapy. Escalation to 180 mg
and 240 mg/day was initially planned to be decided upon evaluation of the toxicity profiles
after each dose level, but after 22 patients were enrolled at the 180 mg level, upon FDA
recommendation, the dose was again reduced to 120 mg for the ensuing open label Phase
II part.

During the Phase II part, one interim analysis regarding efficacy was performed after
enrollment of 100 patients (50 per arm) on the primary endpoint according to protocol. Patients
were randomly assigned to remission induction regimens with or without tosedostat. Cycle 1
consisted of daunorubicin at 45 mg/m2 (3-hr infusion on days 1, 2 and 3) and cytarabine at
a dose of 200 mg/m2 (per continuous infusion on days 1–7) with or without tosedostat at
120 mg, days 1–21. Cycle 2 contained cytarabine 1000 mg/m2 q 12 hrs via 6 hrs infusion
from day 1–6 (12 doses) with or without tosedostat at 120 mg/day 1–56. Tosedostat was
stopped when after day 35, platelets were still <30 × 109/L and/or ANC < 0.5 × 109/L.
Patients could be allotransplanted off protocol according to local policy. MRD analysis and
detection was performed as previously described [20].

4.4. Statistical Analysis

The primary endpoint of the second part of the study was the rate of complete
remission after induction treatment. A patient was considered to have a response if the
best response to remission induction therapy (cycle 1 and/or 2) was a CR/CRi. Secondary
endpoints were considered as exploratory and included: overall survival (OS), event free
survival (EFS), disease free survival (DFS), the prognostic value of leukemic molecular
markers and gene expression profiles and the prognostic value of minimal residual disease
measurements following therapy. The definitions which are standard are according the
ELN recommendations [21]. A planned futility interim analysis was incorporated after
100 patients were randomized.

At final analysis, tosedostat was considered not effective as addition to standard
chemotherapy if no difference in CR/CRi rate in favor of tosedostat was seen, i.e., when
the upper limit of the 80% confidence interval (CI) of the difference in CR rate would be
≤15%, which was the case if the observed difference in complete response rate was less
than 2% in favor of the tosedostat arm. Otherwise, we would consider to continue as
Phase III. Kaplan–Meier survival curves and Cox tests were used to compare the survival
distributions between the treatment arms.

5. Conclusions

In this prospective randomized Phase II study, addition of tosedostat to the current
3+7 standard of chemotherapy did not improve outcome in elderly AML patients. In fact,
results were inferior in the experimental arm, due to more infection-related deaths.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-669
4/13/4/672/s1, Figure S1: Overall survival (OS) (A) and disease free survival (DFS) (B) for MRD
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Table S2: Adverse events in Cycle 1; Table S3: Adverse events in Cycle 2; Table S4: Atrial fibrillation
in period 1 and 2, per arm.
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