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ABSTRACT
Background: Acute promyelocytic leukemia (APL) is uncommon among subjects aged � 70 years and
the better therapeutic strategy represents an unmet clinical need.
Materials and methods: This prompted us to explore our real-life data on a retrospective cohort of
45 older APL patients (� 70 years) consecutively diagnosed at eight different hematologic institutions
in Latium, Italy, from July 1991 to May 2019.
Results: Two patients (4.4%) died from early hemorrhagic complications before treatment could begin.
Twenty-two patients (51.1%) (Group A) were enrolled or treated according to standard clinical proto-
cols, while 21 (48.8%) (Group B) received an ATRA-based personalized approach due to poor perform-
ance status. Morphologic complete remission (CR) after induction therapy was achieved in 33 patients
(76.7%) with 100% of patients in Group A and 52.3% in Group B (p< 0.001). Molecular CR was docu-
mented in 30 patients (69.7%) [20/22 (90.9%) in Group A and 10/21 (47.6%) in Group B (p¼ 0.002)].
Ten patients (23.2%) died during induction therapy, all in Group B. Five-year overall survival (OS) of
the entire cohort was 46.1% (95% CI 28.2–64.0), with 72.6% (95% CI 42.9–100) in Group A vs. 27.2%
(95% CI 7.5–46.9) in the Group B (p¼ 0.001).
Conclusions: The present analysis highlights that almost half of the patients received sub-optimal
induction treatments and registered dismal outcomes demonstrating the importance of adopting
standard therapies instead of modified or reduced personalized approaches also in the setting of frail
older patients.
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Background

Acute promyelocytic leukemia (APL) is a rare disease in older

subjects and only 1–6% of all patients with APL are older

than 70 years at diagnosis [1,2]. The introduction of a tailored

approach with the combination of all-trans retinoic acid

(ATRA) and more recently of arsenic trioxide (ATO) has mark-

edly changed the treatment strategy of this previously fatal

disease, leading to impressive rates of cure [3–7]. However,

data on ATRA and/or ATO combinations are based on inter-

national clinical trials enrolling younger subjects (aged

<70 years), while few reports exist on very old patients con-

cerning the feasibility of different ATRA regimens in this chal-

lenging population [8–14].

While in other subtypes of acute myeloid leukemia (AML)
advanced age still represents the major adverse prognostic
factor due to the more aggressive disease biology, in APL
the recent improvement is also shared by older patients,
with complete remission (CR) and disease-free survival (DFS)
rates only slightly lower compared to the younger counter-
parts [8,10,15,16]. This difference is mainly due to a higher
rate of early deaths (ED), occurring within 30 days from diag-
nosis, and deaths in remission [17]. Therefore, this survival
disadvantage is strictly dependent on the patient’s character-
istics rather than more aggressive disease biology as in other
AML subtypes [9,18]. In particular, severe coagulopathy at
onset, the prevalence of cardiac diseases and other severe
organ dysfunctions are the main reasons for the increased
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mortality of older patients with APL [9,19]. As a consequence,
ED rates for patients aged > 70 years are higher than 40%
compared to 15% or lower in younger subjects
(<50 years) [20–22].

Notwithstanding the impressive results achievable also in
older APL patients treated with the same induction schemes
employed in younger subjects [23], many older patients with
poor performance status and/or high comorbidity burden at
diagnosis are considered not eligible for intensive induction
treatments by responsible physicians and managed with low-
intensity or personalized approaches [24].

Up to now, few studies have reported treatment results in
the group of very old APL subjects, with different outcomes
and treatment schedules [9,10,18,25]. Thus, the efficacy and
safety of a standard induction treatment as well as the pos-
sible role of a patient-adapted and less-intensive approach in
this subset are still unclear, especially in real-life scenarios.

To evaluate these issues, we report on a retrospective
analysis of all consecutive APL patients aged � 70 years diag-
nosed and followed in the hematologic Centers of the
Latium area.

Patients and methods

Patient selection

A retrospective cohort of 45 consecutive APL patients (M/F
27/18), aged � 70 years and diagnosed at eight different
hematologic institutions in Latium, Italy, from July 1991 to
May 2019 was analyzed. The study was approved by the IRB
of the involved Institutions.

Diagnosis of APL was initially established according to the
French-American-British (FAB) [26] and later by WHO criteria
[27], and confirmed in all patients by molecular identification
of the PML/RARa hybrid gene by RT-PCR and/or karyotype
detection of the t(15;17) in leukemic cells [6].

To avoid possible selection bias, particular attention was
given to consider also patients managed outside of clinical
trials because of comorbidities at diagnosis and patients
dying immediately after APL diagnosis before starting
any treatment.

Data regarding patient- and treatment-related characteris-
tics were extracted from the institutional databases and
reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
when appliable [28].

Treatment schedules

Two different regimens employed in clinical controlled trials
were considered as standard induction treatment as previ-
ously described:

� AIDA regimen [29], consisting of oral ATRA (45mg/m2/d)
until hematologic CR and intravenous Idarubicin (IDA)
(12mg/m2/d) given on days 2,4,6,8;

� ATRAþATO regimen according to APL 0406 trial [3], con-
sisting of oral ATRA (45mg/m2/d) and ATO (0.15mg/Kg/d

given as a two hours intravenous infusion) until hemato-
logic CR or for a maximum of 60 days.

Definitions

Definition of ED was the following: (1) any death occurred
from any cause after APL diagnosis and before treatment ini-
tiation and (2) any death occurred from any cause in the first
30 days after treatment initiation.

The relapse risk score was used to stratify patients in low,
intermediate, and high-risk [30].

Performance status was defined according to Eastern
Cooperative Oncology Group criteria [31].

Response criteria

Morphologic CR was defined as the presence of normal bone
marrow cellularity with the absence of leukemic promyelo-
cytes, with peripheral blood polymorphonuclear (PMN) and
platelet counts > 1� 109/l and > 100� 109/l, respectively.
Molecular CR was defined as the negativity at RT-PCR ana-
lysis for PML/RARa hybrid gene.

Statistical analysis

Data were expressed as mean± standard deviation (SD) (nor-
mally distributed data), median and range (non-normally dis-
tributed data), or as percentage frequencies, and within-
patient comparisons were made by unpaired t-test and v2

test, as appropriate, at significance levels of p< 0.05.
Overall Survival (OS) was calculated from the date of APL

diagnosis to death due to any cause. Event-Free Survival
(EFS) was calculated from the date of APL diagnosis to dis-
ease relapse or death due to any cause. For survival analysis,
univariate Kaplan–Meier was performed.

All calculations were made using a standard statistical
package (SPSS for Windows Version 15.0; Chicago, IL).

Results

Patient features at diagnosis

Overall, the median age at diagnosis was 75.5 years (range
70.0–87.1) with a male/female ratio of 1.5. The majority of
patients (75.6%) were low/intermediate risk according to the
relapse risk score, with an overt coagulopathy at diagnosis in
55.5% of cases. PML/RARa isoforms were equally distributed
and 17.8% of patients showed a microgranular variant (M3v)
at bone marrow morphologic evaluation (Table 1). As to
major comorbidities, 28 patients (62.2%) had concomitant
cardiologic diseases with hypertension as the most frequent,
13 (28.8%) had a clinical history of cancer, configuring the
possibility of a secondary APL, and 11 (24.4%) were affected
by diabetes.
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Induction treatments

Forty-three patients (95.5%) started therapy after diagnosis
while two (4.4%) died because of early hemorrhagic complica-
tions before any form of treatment. Twenty-two patients
(51.1%) (Group A) were enrolled in clinical controlled trials or
were treated according to standard protocols [13 (59.0%)
according to AIDA-like regimen, 9 (40.9%) according to the
APL0406 study as previously specified], while 21 patients
(48.8%) (Group B) received an ATRA-based personalized
approach (ATRA alone in 11 cases, adapted AIDA with reduced
IDA dosage to 5mg/m2 in four cases, adapted AIDA with a
reduced number of IDA doses in three cases, ATRAþ
mitoxantrone/aracytin in two cases, ATRAþ gentuzumab-ozo-
gamicin in one case). Patients treated in Group A were younger
(median 73.4 vs. 78.2 in Group B, p � 0.0001) and were charac-
terized by better performance status, with 81.7% having ECOG
<2 vs. only 33.3% in Group B (p¼ 0.0019, see also Table 1). No
differences were found for other features at diagnosis, such as
relapse risk score, presence of overt coagulopathy or PML/RARa
isoforms as well as the incidence of M3v.

Induction results and toxicity

Overall, morphologic CR after induction therapy was
achieved in 33 patients (76.7%, Table 2) at a median time of
41 days (range 30–50). All patients in Group A achieved mor-
phologic CR compared to only 11 patients (52.3%) in Group
B (p< 0.001). Molecular CR was documented in 30 patients
(69.7%) at a median time of 102 days (range 63–174).
Similarly, molecular CR was detected in the majority (20 out
of 22, 90.9%) of patients in Group A and in only 10 out of 21
(47.6%) in Group B (p¼ 0.002).

Infectious complications during induction therapy
(Table 3) were observed in 31/43 patients (72.0%) (four epi-
sodes of febrile neutropenia, eight sepsis, three cystitis,
twelve pneumonitis, one oral abscess, one spondylodiscitis,
one abdominal infection, one hepatitis C reactivation). ATRA
syndrome occurred in 14/43 patients (32.5%). In addition, there

were four episodes of respiratory failure, five episodes of
arrhythmia, and four episodes of cardiac ischemia. During
induction therapy, ten patients (23.2%) died from infections
and hemorrhagic complications as the main cause, all in Group
B (7 treated with ATRA alone and 3 treated with adapted
AIDA): the median age of these patients was higher compared
to patients of Group B who survived induction therapy but not
statistically different [80.9 years (range 75.1–86.8) vs. 77.2 years
(range 73.5–80.8), p¼ 0.395], with a trend of significance for
higher median WBC count [9.1� 109/l (range 0.7–94.0) vs.
2.0� 109/l (range 1.0–11.3), p¼ 0.086]. On the whole, the over-
all ED rate for the 45 patients was 26.7% (12/45), when consid-
ering also the two patients who died before treatment start.

Post-induction treatments

Twenty-seven patients in CR proceeded to consolidation
therapy (18 in Group A, nine in Group B); 18/27 patients
received also maintenance therapy (11 in Group A, seven in

Table 1. Clinical characteristics at diagnosis.

All patients� Group A Group B p-value

Male/Female, n� (%) 27/18 (60/40) 10/12 (46/54) 15/6 (71/29) 0.084
Median age, years (range) 75.5 (70.0–87.1) 73.4 (70.0–80.4) 78.2 (73.3–86.8) <0.001
Relapse Spanish risk, n� (%): Low 18 (40.0) 13 (59.0) 5 (23.8) 0.063

Intermediate 16 (35.6) 6 (27.2) 10 (47.6)
High 11 (24.4) 3 (13.8) 6 (28.6)

APL subtype n� (%): M3 37 (82.2) 19 (86.3) 18 (85.7) 0.951
M3 variant 8 (17.8) 3 (13.7) 3 (14.3)

PML-RARa isoform, n� (%): PML-RARa 1 19 (51.3) 9 (47.3) 10 (55.5) 0.882
PML-RARa 3 18 (48.7) 10 (52.7) 8 (44.5)
Unknown 8 3 3

Median WBC, � 109/l (range) 2.00 (0.54–286) 1.68 (0.54–46.8) 3.07 (0.74–94.0) 0.095
Median PLTs, � 109/l (range) 27 (4–302) 42 (4–185) 17 (7–302) 0.354
Coagulopathy at diagnosis, n� (%): Yes 25 (55.5) 10 (45.5) 13 (61.9) 0.280

No 20 (44.4) 12 (54.5) 8 (38.1)
Performance status, n� (%): 0 7 (15.6) 5 (22.7) 2 (9.5) 0.013

1 18 (40.0) 13 (59.0) 5 (23.8)
2 17 (37.8) 4 (18.3) 12 (57.2)
3 1 (2.2) / /
4 2 (4.4) 22 (4.4) / 2 (9.5)

�Comprising 2 patients died before treatment start.
APL: acute promyelocytic leukemia; WBC: White blood cells; PLT: platelets.

Table 2. Induction treatment outcomes.

All treated patients Group A Group B
p value

N % N % N %

Overall 43/45 95.5 22 51 21 49
Response
Morphologic CR 33 76.7 22 100 11 52.3 <0.001
Molecular CR 30 69.7 20 90.9 10 47.6 0.002
Death 10 23.2 0 0 10 47.6 <0.001

CR: complete remission.

Table 3. Complications during induction phase.

Complications All treated patients Group A Group B p value

Early death� 10 (23.2) 0 10 (47.6) <0.001
ATRA syndrome� 14 (32.5) 8 (36.3) 6 (28.5) 0.586
Infections� 31 (72.0) 17 (77.2) 14 (66.6) 0.438
Respiratory failure� 4 (9.3) 1 (4.5) 3 (14.2) 0.272
Cardiac arrhythmia� 5 (11.6) 3 (13.6) 2 (9.5) 0.674
Cardiac ischemia� 4 (9.3) 1 (4.5) 3 (14.2) 0.272
�Expressed as N (%).
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Group B). In addition, four patients (two in each Group)
underwent maintenance therapy without a previous consoli-
dation phase. The different consolidation and maintenance
courses are reported in the Supplemental Table 1.

Follow-up

Nine out of 33 (27.2%) patients achieving CR (three in Group
A and six in Group B) relapsed, after a median time of
13.9months (IQR 9.4–27.5).

At the last follow-up, 15 patients (33.3%) were alive while
24 (53.3%) died (20 patients from ED or progressive disease
and four patients from senectus or other unrelated causes
while in CR), and six patients (13.3%) were lost to follow-up
while in molecular CR.

Five-year EFS of the entire cohort was 39.8% (95% CI
22.1–57.5). When looking at differences according to treat-
ment strategies, patients in Group A had a better five-year
EFS when compared to Group B [57.1% (95% CI 23.1–91.1) in
Group A vs. 18.2% (95% CI 2.1–34.3) in Group B; p¼ 0.001]
(Figure 1(a)).

Five-year OS of the entire cohort was 46.1% (95% CI
28.2–64.0) with better outcomes for patients in Group A
[72.6% (95% CI 42.9–100) in Group A vs. 27.2% (95% CI
7.5–46.9) in Group B, p¼ 0.001] (Figure 1(b)).

Of note, all the nine patients in Group A treated with the
ATRA/ATO combination, all belonging to the low/intermedi-
ate relapse risk group, are alive and in molecular CR at a
median time of 22months from diagnosis (Figure 2(a,b)).

Discussion

The present analysis of our unselected cohort of APL patients
aged � 70 years was done considering a long interval of
time, due to the rarity of APL in very old people: this repre-
sents a relative weakness of our data, as many diagnostic

tools and different supportive measures were employed in
this interval. However, our data highlight a real-life scenario
where almost half of the patients were not considered eli-
gible for a standard approach. This led to sub-optimal induc-
tion treatments, with a very high rate of ED and dismal
outcomes compared to patients treated with standard ther-
apy. As shown by our data, patients treated according to
protocol guidelines (Group A) had a better outcome with an
acceptable five-year EFS and OS of 57.1% and 72.6%,
respectively, demonstrating that a standard “younger-like”
approach is feasible and highly effective also in older
patients. These results are in line with previous reports on
case series of elderly APL patients treated with ATRA-chemo-
therapy approaches [8,10,11,14]. In a subgroup analysis of
the MRC trial, 49 older patients (aged between 60 and
77 years) treated with ATRA-based approaches had a 4-year
OS of 80% [15]. Moreover, in the same analysis, no differen-
ces were seen between patients treated with ATRA-chemo-
therapy and ATRA/ATO combination, as also shown in our
data despite the shorter median follow-up time [15]. In a
recent retrospective analysis on 120 very old patients with
APL (aged � 75 years) the “Programa para el Tratamiento de
Hemopatias Malignas” (PETHEMA) group reported good sur-
vival outcomes in terms of OS (53% at three years for low/
intermediate-risk patients treated with AIDA regimen), find-
ing that age � 85 years, relapse high-risk score and ECOG 4
were all independent risk factors for ED and shorter OS [10].

It is worthy of note that, due to the peculiar incidence of
the disease, older APL patients represent a very unique
population, configuring a very difficult-to-treat setting [32].
Data from European-based registries demonstrate that
patients diagnosed with APL aged >75 years represent �5%
of all APL cases, while in the Latin-American countries no
patients over 75 years have been registered [10]. This more
pronounced difference in developing countries is probably
due to an underreported diagnosis of APL among frail older

Figure 1. Cumulative event-free survival (1a) and cumulative overall survival (1 b) according to protocol enrollment.
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individuals, whose sudden death is often misdiagnosed as
the result of a cerebrovascular accident, therefore masking a
possible APL-related thrombo-hemorrhagic ED [1,33,34]. In
the present study, to avoid selection bias as far as possible,
we asked participating Centers for the referral of all patients
> 70 years with a diagnosis of APL performed, even those
who died before starting any treatment. Unfortunately, a rate
of patients was certainly lost due to primary referral to non-
hematologic structures, like emergency departments, or
death at home from cerebral hemorrhage misinterpreted as
ischemic stroke. We are aware that this is another point of
weakness of the present study.

In our recent analysis of 222 patients treated at two main
Institutions in Rome, the ED rate was 7% (15/222), being
cerebral hemorrhage the major cause of mortality (7/15,
3.1% of total), and older patients the more prone to experi-
ence such complication (median age 60 vs. 47 in non-hemor-
rhagic patients, p¼ 0.039) [19]. Similar results were reported
in another study by Sun et al. on 288 adults with APL that
showed an ED rate of 5.9% and older age (�60 years) as the
only independent risk factor for this complication (Hazard
ratio 15.057, p¼ 0.004) while the relapse-risk category did
not have a significant prognostic role [17]. In the present
study, the ED rate was 26.7%, a percentage more similar to
those reported in previous studies conducted specifically on
older patients: [11,20] it is worthy of note that ED occurred
only in the group B, but no difference was observed as to
median age compared to group B patients who survived to
induction therapy, with only a trend for a higher WBC
median value. It is conceivable that age-related cerebrovas-
cular angiopathy, unveiled and exaggerated at APL onset by
the typical thrombo-hemorrhagic imbalance, may play a role
in this increased proclivity to ED. Moreover, the high fre-
quency of cardiovascular diseases among older (62.2% in our

cohort), and in particular hypertension, may increase the risk
of fatal cerebral hemorrhage [9].

Our results demonstrate that, beyond older age, a high
ECOG is one of the main reasons affecting physician choice
on whether elderly patients are a candidate or not to stand-
ard treatment regimens, as previously shown in the afore-
mentioned PETHEMA study [10]. Of note, all patients in our
cohort not experiencing ED achieved morphologic CR, fur-
ther emphasizing that APL treatment was very effective in
eradicating leukemia, and patient’s characteristics rather than
disease biology played a role in determining outcomes. As
mentioned, older patients share an intrinsic higher vulner-
ability not only to hemorrhage but also to infections and car-
diac complications, all possible adverse events of the
induction phase of APL, ultimately affecting OS [23].
Therefore, additional prudence and judiciously conducted
choices with the application of specific geriatric comorbidity
scores rather than the sole clinical judgment are war-
ranted [35,36].

Finally, an induction therapy based on a chemotherapy-
free ATRA/ATO combination is particularly attractive for older
and frail patients because of the well-established high anti-
leukemic efficacy and the lower rate of toxicity [3–5,37]. A
Chinese study showed that ATO is safe and efficacious as a
single-agent in older patients with APL, reporting an OS of
69.3% at 10-year [37]. A more recent International
Collaborative Study evaluating 433 patients with APL aged�
70 years also demonstrated that ATO added to ATRA and/or
chemotherapy is feasible and effective in frail older patients
[8]. Moreover, the authors underline that the international
recommendations regarding supportive care measures
during induction helped lowering the mortality rate from
28% between 1990 and 1999 to 15% in the last two decades,
possibly overcoming the complications related to

Figure 2. Cumulative overall survival (2a) and cumulative event-free survival (2 b) for Group A patients treated with ATRA-chemotherapy vs. ATRAþATO approach
(p¼ 0.352 and p¼ 0.185, respectively).
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chemotherapy-containing regimens especially in older
patients [6,8]. As a matter of fact, our results, despite the low
number of patients and the shorter follow-up time, suggest
that also the ATRA/ATO combination may represent a valid
alternative for frail older patients with APL.

As a consequence, it is mandatory, whenever possible, to
adopt standard therapies instead of modified or reduced per-
sonalized approaches to improve outcomes and provide dur-
able remission and quality of life also to this challenging
subset of patients. The application of specific selection crite-
ria and a multispecialistic approach comprehensive of a geri-
atric evaluation may help to better select patients suitable
for standard therapies.
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