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A B S T R A C T

Relapsed or refractory (R/R) disease remains challenging in acute myeloid leukemia (AML), especially in elderly
patients not considered eligible for intensive treatment options. We retrospectively evaluated the safety and
efficacy of low-dose melphalan (LD-Mel) in a multicenter analysis in patients over 65 years with R/R AML, who
previously had received ≥1 non-curative treatment line. The study included 31 patients (median age 77 years)
with 1–4 previous treatment lines. Three patients (9.7%) achieved a complete remission. Two patients (6.5%)
achieved a partial remission, nine patients (29.0%) had disease stabilization with reduction of peripheral or bone
marrow blast burden, resulting in an overall response rate of 16.1% and 45.2% achieved clinical benefit.
Responders showed a significantly longer median overall survival than non-responders (16.3 vs. 2.3 months,
p < 0.001). Multivariate analysis identified complex karyotype as the only risk factor associated with inferior
survival (p < 0.001), whereas prior treatment with hypomethylating agents (HMAs) in 25 of 31 patients was
associated with superior OS, regardless of prior response to HMAs (p=0.03). LD-Mel was well tolerated, with
mild myelosuppressive side effects. Conclusively, LD-Mel is an effective treatment option in elderly patients with
R/R AML, particularly after HMA therapy and in the absence of a complex karyotype.

1. Introduction

Acute myeloid leukemia (AML) is a malignant hematopoietic stem cell
disorder that arises from clonal expansion of myeloid precursors in the bone
marrow [1]. More than half of the newly diagnosed patients with AML
are>65 years old [2] and increasing age negatively impacts survival rates
[2–4] due to comorbidities and decreased tolerance of intensive treatment
regimens [5,6]. Although on average 50–60% of all patients beyond 60 years
achieve complete remission (CR) after intensive induction therapy, this only
translates into a 2 years survival of 15–20% [7], thus leaving a high pro-
portion of patients with relapsed and primarily refractory (R/R) disease.

Management of R/R AML in elderly patients is challenging and
outcomes are generally poor, with a median survival of less than 1 year
[3,8]. Despite intense efforts in developing new anti-leukemic drugs,
palliative treatment options are still restricted to a few approved drugs
and clinical trial participation is a highly recommended option by
guideline. While novel therapies targeting specific acquired mutations
or surface antigens are under development, cytidine analogs like low-
dose cytarabine (LDAC) or hypomethylating agents (HMA) continue to
be the major treatment modalities for elderly R/R AML patients.

Melphalan, an alkylating agent developed in the mid-1950s, was
first documented to be clinically active at low doses in patients with
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high-risk myelodysplastic syndrome (MDS) or AML in 1996 [9]. Until
today, published data regarding the efficacy of low-dose (LD) mel-
phalan (Mel) in high-risk MDS or AML is limited to small cohort studies
or case reports from a total of 78 patients [10–14] with a reported
overall response rate of approximately 45% [9,15,16].

However, LD-Mel was used as a front-line palliative treatment in almost
all published cases (n=76) and only 2 patients received LDAC or HMA
prior to LD-Mel therapy. The efficacy of LD-Mel as a second-line treatment
option or beyond in relapsed or refractory (R/R) AML is not known.

Due to the promising antileukemic efficacy and the favorable toxi-
city profile of this widely available therapy, we reasoned that LD-Mel
might be an attractive treatment option in elderly patients with R/R
AML. We therefore conducted a registry-based multicenter retro-
spective analysis to identify elderly patients (defined as> 65 years)
with R/R AML who were treated with LD-Mel in second line or beyond.

2. Patients, materials and methods

2.1. Patients and treatment

Patients were identified in a registry search based on data of the
German Study Alliance Leukemia (SAL) network and the AML registry
of the Div. Hematology, Oncology and Stem Cell Transplantation,
University of Freiburg Medical Center, Freiburg, Germany. Eligibility
criteria for this retrospective analysis were: patients aged>65 years
with de novo or secondary AML (except acute promyelocytic leukemia)
who had failed to achieve disease remission after one or more previous
therapy lines (refractory disease) or relapsed after previous CR. All
patients had received at least one non-curative treatment line. All pa-
tients were considered ineligible for intensive treatment options in-
cluding allogeneic stem cell transplantation at the time of LD-Mel in-
itiation. Patients who had received high-dose melphalan (> 100mg/
m2) following autologous stem cell transplantation (ASCT) for AML
treatment as well as patients who had received melphalan as a front-
line palliative treatment were excluded from this analysis.

Melphalan was administered orally at 2mg per day in a continuous
28-day cycle until disease progression (in the absence of clinical benefit
on the discretion of the treating physician), intolerable toxicity or death
according to the protocol provided by Omoto et al [9]. Concomitant or
intermittent treatment with other antineoplastic agents including hy-
droxyurea was not allowed. The use of growth factors and other sup-
portive measures was at the discretion of the treating physician and was
not recorded for this analysis.

Cytogenetic analysis and molecular data including mutations of
NPM1, FLT3, MLL and RUNX1 genes were collected where available and
stratified according to the 2017 European LeukemiaNet (ELN) re-
commendations [17]. Approval from the responsible institutional re-
view board was obtained before data collection (approval number: EK
98032010). All procedures performed were in accordance with the
1964 Helsinki declaration and its later amendments. Informed consent
was obtained from all individual participants included into this study.

2.2. Efficacy assessment

Endpoints of this study were time on treatment (ToT), overall survival
(OS), clinical benefit rate (CBR, for definition see below), overall response
rate (ORR) and rate of complete (CR) and partial remission (PR). Time on
treatment was defined as the time period from treatment initiation to the
last documented dose application. Overall survival was calculated from
the first day of LD-Mel treatment until death from any cause.

The CBR was defined as the proportion of patients not showing
refractory disease to LD-Mel therapy. The ORR was defined as the
proportion of patients with confirmed PR, complete remission with
incomplete blood count recovery (CRi) and CR. Disease evaluation was
based on the revised recommendations of the international working
group for standardization of response criteria in acute myeloid

leukemia [18]. In addition, patients with a bone marrow blast reduction
not fulfilling PR criteria and patients with suspected response to LD-Mel
in the absence of confirming bone marrow aspirates were defined as
“stable disease” (SD).

2.3. Toxicity assessment

The electronic charts were carefully reviewed for LD-Mel related
toxicities, focusing on documented infections and other potentially life-
threatening events. All patients received regular clinical follow-up and
laboratory workup to detect relevant toxicities on the discretion of the
treating physicians.

2.4. Statistical analysis

Graph Pad Prism Version 6.01, SPSS Version 25.0 and R Version
3.4.2 were used for statistical analysis and reporting of the data col-
lected for this study. The number of all included patients and recorded
variables were reported descriptively. Survival analyses were per-
formed using the Kaplan-Meier method for estimation of the percentage
of surviving patients and the log rank test for comparing patient groups.
Cox robust regression (marginal WLW model) (Venables & Ripley,
2011) was used for uni- and multivariate analyses. Age (dichotomized
at the median), presence of a complex karyotype, prior HMA therapy,
intensive pretreatment, and de novo vs secondary AML were used as
independent linear predictors. Proportional hazards assumption and
residuals were checked formally [19,20] and graphically. Schoenfeld
residuals for all covariates were verified to be independent of time. A p-
value below 0.05 was considered statistically significant.

3. Results

3.1. Patients

We identified 31 AML patients in the databases who met the inclu-
sion criteria and were treated with LD-Mel between 2002 and 2018 at 4
tertiary treatment centers. Table 1 depicts the patient and disease char-
acteristics. Median age at treatment initiation was 77 years, 61.3% of all
treated patients were older than 75 years and 16.1% were older than 80
years, respectively. All but one patient had either ELN intermediate or
adverse risk scores by genetics at the time of treatment initiation (n=7
unknown). All patients were either pretreated with cytarabine or an
HMA and approximately one-third of all patients were treated with both
antineoplastic agents prior to LD-Mel. Of those patients who have ever
received HMAs (n=25; n=17, decitabine; n=8, azacytidine), only
one patient discontinued due to unacceptable toxicity and 24 patients
subsequently showed disease progression. Eighteen patients (58.1%) had
participated in clinical trials before LD-Mel treatment. Approximately
two-thirds of all patients had received ≥2 previous therapy lines. No
patient had received, or was subsequently planned, for allogeneic stem
cell transplantation. Eleven patients (35.5%) received treatment after
melphalan failure. Median time from first diagnosis to LD-Mel initiation
was 10.5 months (range, 0.3–73 months). A total of 108 treatment cycles
were administered on 3027 treatment days, with a median of 1.6 treat-
ment cycles (range, 0.4–14 cycles) per patient.

3.2. Toxicity of LD-Mel

Detailed review of patients´ charts revealed overall mild side effects,
with mainly hematologic toxicities. LD-Mel therapy was paused either
because of pancytopenia (5 patients, 16.1%), infection (3 patients,
10.0%), one patient each (3.2%) with infectious colitis, fungal pneu-
monia, and neutropenic fever. Treatment was resumed in 3 of these
patients (1 each with neutropenic fever, infectious colitis, pancyto-
penia). The remaining patients died of the stated infection or showed
subsequent progressive disease. One patient died during his 4th cycle of
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LD-Mel treatment of indeterminate cause. There were no laboratory
signs or symptoms of melphalan-related organ toxicities.

3.3. Efficacy of LD-Mel and survival analyses

Bone marrow aspirates to evaluate disease response were available
in 15 out of 31 patients (48.4%) and 9 out of 14 patients (64.3%) with
suspected disease response. Bone marrow biopsies were performed after
a median of 49 days (range, 26–111 days) calculated from LD-Mel
treatment initiation. The remaining 5 patients showed peripheral blast
clearance upon LD-Mel treatment but lacked bone marrow evaluation
to assess suspected response. Three out of 31 patients (9.7%) achieved a
complete remission (CR/CRi), of which one had a full blood count re-
covery (CR), see Table 2. Two patients (6.5%) achieved a PR with at
least 50% blast reduction in the bone marrow. Median time to treat-
ment evaluation in patients with CR (CRi) or PR was 63 days (43–92
days). Among those patients who fell into the SD group (n=9; 29%), 2
recovered with incomplete blood counts and remained transfusion-free
for more than 10 months. Four additional patients showed improve-
ment of hemoglobin levels of more than 1 g/dl and remained transfu-
sion-free for at least 3 months, 2 of which fully recovered their absolute
neutrophil count. The remaining 3 patients showed peripheral blast

clearance without further evidence of hematologic improvement.
Overall response rate was 16.1% and CBR was 45.2%.

Median ToT of all study subjects was 1.5 months (95% CI, 0.4–2.6
months). Treatment responders (SD, PR, CRi, CR) had a longer time on
treatment than non-responders (median ToT, 4.2 vs. 1.0 months; HR
0.27; 95% CI 0.05-0.28; p < 0.001). Median OS of all patients was 3.7
months (95% CI, 2.6–4.8 months) and 3.7 months (95% CI, 1.7–5.7
months) when censored at the time of starting the next treatment line,
see Fig. 1A and B. Median OS of patients in CR, CRi and PR was sig-
nificantly longer than in patients with disease stabilization only (median
OS, 16.3 vs. 5.4 months; HR 0.38; 95% CI 0.11-0.89; p=0.04), which in
turn was significantly longer than in non-responders (median OS, 5.4 vs.
2.3 months; HR 0.34; 95% CI 0.12-0.57; p=0.002), see Fig. 1C. Ten out
of 31 patients (32.3%) survived 6 months and 7 patients survived 12
months (22.6%) after treatment initiation, respectively.

Twelve patients (38.7%) died within one month after termination of
LD-Mel therapy, either because of disease progression (n=6) or un-
controllable infection (n= 1, fungal pneumonia). For the remaining 5
patients, no definite cause of death could be identified. Median survival
calculated from first diagnosis in all patients was 17.0 months (95% CI,
12.5–21.5 months).

All patients with complex karyotype showed refractory disease to
LD-Mel, progressed rapidly and died after a median survival time of
only 1.5 months (95% CI, 0.1–3.4 months), see Fig. 1D.

3.4. Long-term responders

Five patients (median age 84 years, range 75–87 years) remained on
LD-Mel therapy for longer than 10 months (median ToT of 12.2 months;
95% CI, 9.6–14.7 months). Due to their advanced age, none of these pa-
tients was ever considered for intensive treatment. Their disease and pa-
tient characteristics are summarized in Table 4. Molecular genetics were
wild-type for NPM1 and FLT3 in all 5 patients. All of these patients had
been pretreated with HMAs (disease response to HMA therapy: 2 CR, 1 PR,
1 SD, 1 PD). One of them had also received prior cytarabine therapy
(refractory disease documented after two cycles of LDAC). Complete re-
mission was confirmed in two patients (1 CR, 1 CRi). One patient had a PR
documented after one cycle of LD-Mel, she subsequently fully recovered
with her peripheral blood counts for 10.7 months, but further bone
marrow assessments to confirm suspected CR were not performed. Two
patients were categorized SD in the absence of bone marrow aspirates,
both of them recovered with incomplete blood counts. Fig. 2 illustrates the
blood counts while on LD-Mel therapy for the 5 long-term responders.

Three of the five long-term responders received further treatment
after LD-Mel: One patient achieved a second CR on LDAC therapy fol-
lowing LD-Mel failure after 11 months of treatment. Two patients were
included in clinical trials and received investigational agents after 10.7
and 12.4 months on LD-Mel, respectively. Two patients (ToT, 13.5 and
12.2 months) received best supportive care and died shortly after LD-
Mel was stopped.

3.5. Uni- and multivariate analyses for survival

Evaluated by uni- and multivariate analysis, presence of complex
karyotype was the only significant and independent risk factor asso-
ciated with inferior survival in our study cohort (HR, 7.13; 95% CI,
2.3–22.1; p < 0.001), see Table 3. There was also a strong trend for
inferior survival in patients older than the population median (HR,
2.18; 95% CI, 1.0–5.0; p= 0.06). Pretreatment with HMA, on the
contrary, was the only beneficial factor for superior survival in multi-
variate analysis (HR, 0.35; 95% CI, 0.1-0.9; p= 0.03, Table 3) and in
univariate analysis when patients with complex karyotype were ex-
cluded (Fig. 1E, F). The beneficial effect of HMA pretreatment was in-
dependent of response to prior HMA therapy (survival of patients who
responded to HMA therapy vs non-responder; HR, 1.3; 95% CI,
0.49–3.26; p=0.63). Information on bone marrow cellularity was not

Table 1
Summary of patient characteristics.

n= 31 (100.0%)

Gender
female 16 (51.6%)
male 15 (48.4%)
Age (years)
median (range) 77 (66-87)
AML characteristics
de novo 16 (51.6%)
secondary 15 (48.4%)
WBC x 109 cells/L (median, range) 1.9 (0.4-45.2)
bone marrow blast count (median, range) in % 35 (10-75)
Prior lines of therapies
1 12 (38.7%)
2 14 (45.2%)
3 4 (12.9%)
4 1 (3.2%)
median 2
Prior intensive chemotherapy
yes 9 (29.0%)
no 22 (71.0%)
Proportion of patients who were previously treated with
HMA (no cytarabine) 14 (45.2%)
cytarabine (no HMA) 6 (19.4%)
HMA, cytarabine 11 (35.5.0%)
ELN risk stratification by genetics
favorable 1 (3.2%)
intermediate 12 (38.7%)
adverse 11 (35.5%)
complex karyotype 8 (25.8%)
UKN 7 (22.6%)

AML, acute myeloid leukemia; HMA, hypomethylating agent; ELN, European
LeukemiaNet; UKN, unknown.

Table 2
Best treatment response.

31 (100%)
CR/CRi 3 (10.0%)
PR 2 (6.5%)
SD 9 (29.0%)
RD 17 (54.8%)

CR, complete remission; CRi, complete remis-
sion with incomplete blood count recovery; PR,
partial remission; SD, stable disease; RD, re-
sistant disease.
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regularly reported and could not be considered in the statistical ana-
lyses. There were no censored events in the ToT or survival analysis.

4. Discussion

Relapsed and refractory AML patients have a dismal prognosis, and
effective and standardized treatment options are sparse in this difficult-
to-treat situation, especially in elderly patients not considered eligible
for intensive treatment options.

Here we report on the safety and efficacy of LD-Mel in 31 elderly
patients with R/R AML who were identified in two German leukemia
registries. The study population was of higher age, all but one patient
were categorized as intermediate or adverse ELN risk. All patients had
received cytarabine and/or HMA and 58% had received investigational

agents prior to LD-Mel therapy, thus representing a heavily pretreated
patient cohort with adverse prognostic factors [21].

In line with previous reportings [9,13,15], LD-Mel was very well
tolerated in our study cohort. Potential side effects were mainly either
hematotoxicity or subsequent complications related to myelosuppres-
sion, predominantly infections. In particular, we found no evidence for
gastrointestinal, renal or hepatic toxicity related to LD-Mel, even in
long-term responders who received high cumulative doses of mel-
phalan. Although adverse events were only reported at the discretion of
the treating physician and therefore might be underreported here, we
have consistently experienced LD-Mel as a remarkably safe and easy-to-
handle agent in frail patients, even when presenting with low perfor-
mance status and persisting toxicities from previous antineoplastic
therapies.

Fig. 1. Survival estimates; A: Overall Survival of all patients treated with low-dose melphalan, dotted pattern indicates 95% confidence interval; B Overall Survival
According to Response to LD-Mel of all patients, defined as patients achieving CR, CRi, PR, (black line), SD (dotted pattern and non-responders (PD)(dotted/lined
pattern); C Overall Survival According to Karyotype; D Overall Survival According to prior HMA Therapy in the whole study population; E Overall Survival According
to prior HMA therapy (complex karyotype excluded).
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LD-Mel demonstrated encouraging single-agent antileukemic effi-
cacy with an ORR of 16.1% and a CBR of 45.2%. Data on response and
survival outcomes in AML after HMA failure is sparse, especially in
patients not eligible to intensive treatment options but overall sub-
sequent therapy response seems to be limited to a few cases and sur-
vival is exceptionally poor [22,23].

Median overall ToT in responders was only 4.2 months, however, five
long-term responders were on treatment for>10 months. In the absence
of sequential bone marrow assessments, three of these patients were ca-
tegorized PR (n=1) or SD (n=2), thus the ORR in our study may be an
underestimation. All long-term responders were categorized as inter-
mediate ELN risk by genetics and had a low leukemic burden, which has
been previously identified as a beneficial predictive marker in patients
treated with LD-Mel [15]. Indeed, presence of complex karyotype (ad-
verse ELN risk classification) was the only adverse prognostic risk factor
for inferior survival following LD-Mel treatment in uni- and multivariate
analyses. Our results further indicate that pre-treatment with HMA may
be a new independent beneficial factor for superior survival. Importantly,
this relationship could be determined regardless of previous response to
HMA therapy, indicating that superior survival following LD-Mel therapy
is not a result of a positive selection of treatment responders.

Although the specific mechanism of action of melphalan is still not
fully elucidated, there is some evidence derived from in vitro myeloma
cell studies that melphalan maintains anti-tumour activity dependent
on wild-type TP53, and its loss-of-function confers inherited or acquired
resistance [24,25]. In addition, a total of five patients with high-risk
MDS or AML who were treated with LD-Mel showed acquired a 17p
deletion on disease progression in two published series [10,26]. Un-
fortunately, TP53 mutation status was not routinely assessed in our
cohort, only one patient with complex karyotype harbored a 17p (and
therefore TP53) deletion and did not respond to LD-Mel therapy.

Haferlach et al and others could demonstrate that there is a high
incidence of TP53 mutations (60–80%) in AML with complex-aberrant
karyotype, whereas TP53 mutations are only infrequently observed in all
other cytogenetic subgroups [27–29]. In consequence, we speculate that
non-response to LD-Mel in patients with complex karyotype may at least
partially be attributed to TP53 inactivation, and these patients might
rather benefit from alternative treatment options, such as HMAs, that
have been shown to induce favorable responses in AML with TP53 mu-
tation or unfavorable cytogenetics [30,31]. This is also in line with clonal
evolution analyses that commonly show a (transient) clearance of TP53
mutant AML subclones induced by HMA therapy [32]. Following this
reasoning, superior survival seen in patients pretreated with HMAs might
be explained by differences in subclonal disease eradication.

Additionally, the sequence of HMAs and other alkylating agents pro-
vides preclinical evidence for synergistic anti-tumor activity: It has been
shown that HMAs upregulate CD40 and CD86, important co-stimulatory
surface molecules for T-cell interaction and proinflammatory T-cell priming
on dendritic cells [33]. The use of (low-dose) alkylating agents, in turn, has
been associated with a selective expansion and activation of effector T cells,
while immunosuppressive regulatory T and B cells are proportionally de-
pleted [34], The combination of enhanced MHC class-II restricted neoan-
tigen presentation induced by HMAs with a proinflammatory lymphocyte
environment induced by alkylating agents may also contribute to enhance
anti-leukemic activity. While the existence and biological mechanism of a
synergistic sequential HMA/LD-Mel treatment approach suggested in this
study is highly speculative, it provides some rationale for further me-
chanistic studies and clinical combination or sequence studies.

LD-Mel was administered per os, providing the convenience of an
orally available medication, limiting in- and outpatient hospital contact
and lacking the necessity of invasive subcutaneous or intravenous drug
application. The dosing schedule, however, is quite atypical for cell-
cycle non-specific agents, whose fraction of tumor-cell-kill usually in-
creases linearly with the dose of the drug.

Of interest, pulsatile dosing schedules of melphalan are common in
other hematologic or solid malignancies (e.g. [35–38]), but have not been
applied to patients with AML in the non-curative setting. There are two
clinical trials that evaluated high-dose melphalan (HD-Mel) following au-
tologous stem cell transplantation for post-remission or salvage therapy in
AML [39,40]. Notably, in a pilot study by Bug et al., 13 out of 14 patients
(93%), including all patients with complex karyotype achieved a second CR

Fig. 2. Blood counts in long-term responders: hemoglobin (Hb), thrombocyte
and white blood cell count (WBC) in five long-term responders treated with LD-
Mel; Curves show blood counts from first medcation intake till last dose; ID,
patients identification corresponding with Table 4.

Table 3
Univariate and multivariate analysis of overall survival in AML patients (calculated from LD-Mel initiation).

Univariate analysis Multivariate analysis

All patients (n= 31) Parameter HR 95% CI p value HR 95% CI p value

prior vs no prior therapy with HMA 0.59 0.31-1.13 0.11 0.35 0.13-0.90 0.03
complex karyotype vs other 2.94 1.30-6.63 <0.01 7.13 2.30-22.14 <0.001
age < 77 vs ≥ 77 years 1.46 0.72-2.98 0.30 2.18 0.96-4.98 0.06
de novo vs secondary AML 1.62 0.79-3.31 0.19 2.18 0.92-5.17 0.08
intensive vs palliative pretreatment 1.57 0.82-3.02 0.17 1.03 0.45-2.35 0.95

no complex karyotype prior vs no prior therapy with HMA 0.36 0.15-0.87 0.02 0.35 0.13-0.91 0.03
age < 77 vs ≥ 77 years 1.94 0.81-4.61 0.14 2.58 1.00-6.68 0.05
de novo vs secondary AML 2.18 0.92-5.21 0.08 2.51 1.01-6.21 0.05
intensive vs palliative pretreatment 2.11 0.94-4.73 0.07 0.77 0.34-1.76 0.54

AML, acute myeloid leukemia; LD-Mel, low-dose melphalan; HMA, hypomethylating agents; HR, hazard ratio; CI, confidence interval.
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with HD-Mel (200mg/m2) following autologous stem cell transplantation in
R/R AML [40]. Therefore, a more dose-dense melphalan administration
may conceivably overcome inherent resistance which was seen in our pa-
tients with complex karyotype AML. However, the role of inactivating TP53
mutations remains unclear in this situation, and increased myelosuppressive
and other side effects of a more intensified treatment schedule must care-
fully be considered.

In this regard, the novel aminopeptidase-potentiated alkylating agent
melflufen is a promising candidate in the landscape of new anti-leukemic
drug development [41,42]. Under the action of aminopeptidases which
are commonly upregulated in myeloid blasts [43], melflufen is hydro-
lyzed, releasing its active form melphalan at high intracellular con-
centrations. Safety was successfully evaluated in a phase I/IIa clinical
trial in patients with advanced solid malignancies [44] and a phase III
trial in patients with R/R multiple myeloma started recruiting in June
2017 (NCT03151811, www.clinicaltrials.gov). Our data suggest that
clinical trials evaluating melflufen in R/R AML are warranted.

We fully acknowledge the important limitations imposed on this
preliminary pilot study by its retrospective design. Patient inclusion,
initiation and continuation of treatment as well as documentation were
at the discretion of the individual physicians. Selection and doc-
umentation biases place restrictions on the reliability of our results, and
on their generalizability beyond the setting at which they were eval-
uated. Patient comorbidities and performance status were only irregu-
larly assessed and could not be considered for analysis.

5. Conclusion

In conclusion, LD-Mel is a safe regime that induces responses in a
considerable number of elderly patients with R/R AML. Although CR
rates are sort of modest, the simplicity of administration and good
tolerance in elderly patients is a clear advantage. Oral melphalan is
widely available and inexpensive, thus broadening the landscape of
agents available outside of clinical trials in this difficult-to-treat ad-
vanced stage of AML. Patients with intermediate ELN classification and
previous HMA therapy might benefit the most from LD-Mel therapy,
whereas patients with complex karyotype (presumably also with TP53
inactivation) probably show intrinsic drug resistance.

On the basis of our experiences, we recommend considering LD-Mel
in elderly patients with R/R AML ineligible for intensive treatment or
clinical trials, who have either progressed on approved therapeutic
options or for whom no other standard of care is applicable. Our
findings need confirmation in prospective clinical trials.
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