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Prospective multicenter study on infectious complications and
clinical outcome of 230 unfit acute myeloid leukemia patients
receiving first-line therapy with hypomethylating agents alone
or in combination with Venetoclax

To the Editor:

Hypomethylating agents (HMAs) are an important therapeutic option

for older patients with acute myeloid leukemia (AML) and have

become the backbone for combination regimens s1–s5. However,

there are very limited real-life prospective studies investigating the

infectious complications in AML treated with HMAs ± Venetoclax

(VEN) outside of clinical trials.1–5

In this prospective study, designed and conducted by the SEIFEM

group (Sorveglianza Epidemiologica Infezioni nelle Emopatie), we eval-

uated the infectious complications in a cohort of patients unfit for

intensive chemotherapy, treated in first-line with HMAs alone or in

combination with VEN, immediately after the introduction of this

combination in clinical practice in Italy (between 2019 and 2020).

Methods are reported in the Appendix S1.

We enrolled 230 consecutive patients with a median age of

75 years (range 25–94); 157 patients (68%) had ≥2 relevant comor-

bidities. Patients' and AML characteristics are reported in Table S1. Of

the 230 cases, 132 (57%) received first-line therapy with a combina-

tion of HMAs+VEN, while 98 (43%) were treated with HMA mono-

therapy. A total of 1552 HMAs cycles were administered (888/1552

with HMAs+VEN) with a mean number of cycles/patients of

6.7 ± 5.5. Notably, 82.5% (1281/1552) of cycles were administered in

an outpatient setting. Table S2A shows the characteristics and dura-

tion of therapy. The best responses achieved with HMAs treatment

were CR in 44% of cases with an ORR of 61% (72% for HMAs+VEN

and 46% for HMAs alone, p = .0007)-Table S2B. After a median

follow-up of 10 months (range 1–24) from the start of HMAs therapy,

144 (63%) patients had died and 86 (37%) were alive. The 1-year

OS probability of the entire patient population was 46% with a

median OS of 10.3 months (11 months in the HMAs+VEN cohort

and 9 months in the HMAs alone cohort; p = ns)-Figure 1A. The pri-

mary causes of death were AML progression (42%), infection

(26%-37/144), infection+AML (24%-35/144), and other causes

(8%-12/144). The Infectious Related Mortality (IRM) was 26%, and

19/144 (13%) patients died of infectious complication while in AML

response (16 in HMAs+VEN group and only 3 in the HMAs group;

p = .005)-Table S2C.

Microbiologically or radiologically documented infectious compli-

cations (at least one) occurred in 160/230 (70%) of patients

(Figure 1B). A total of 272 episodes of infection were reported in

160 patients (1.7 episodes per patient). The most common infections

were pneumonia (104 episodes-42%), followed by bacteremia (89 epi-

sodes-33%), abscess or cellulitis (28 episodes-10%), and urinary tract

infections (20 episodes-7%). In addition, 14 cases of COVID-19 were

reported (5% of documented infections). Febrile neutropenia (one or

more episodes) occurred in 38% of patients. Patients treated with

HMAs+VEN had more documented infectious complications than

those treated with HMAs alone (99/132–75% vs. 61/98–62%,

p = .04) but, according to the type of hypomethylating agent used

(AZA or DEC), no differences were found in the two groups (HMAs

+VEN or HMAs alone). Indeed, in the HMAs+VEN group, at least

1 infection was documented in 79% of DEC + VEN-treated patients

and in 72% of AZA + VEN-treated patients (p = .41). In the HMA sin-

gle agent group, at least 1 infection was documented in 68% of DEC-

treated patients and in 59% of AZA-treated patients (p = .51).

Table S3A summarizes the characteristics of pneumonia and bacter-

emia, which were the most common infections. As reported, 42% of

patients had at least one episode of pneumonia (a total of 104 epi-

sodes of pneumonia in 97 patients), mainly occurring within the first

3 treatment cycles (65%). The etiology of the pneumonia was bacterial

in 46% of cases (47/104) or fungal in 25% of cases (26/104). At diag-

nosis of pneumonia, the median neutrophil count was 250/μl (range

0–19 500/μl). Notably, 86% of patients with pneumonia required hos-

pitalization, and the related death rate (as a primary cause) was 16%

(15/97 patients). The characteristics of bacteremias are reported in

Table S3B. Overall, 29% of the entire patient population had at least

one episode of bacteremia (with a total of 89 bacteremias in

67 patients), occurring mainly within the first three cycles of therapy.

The most frequently isolated bacteria were Escherichia coli and Staph-

ylococcus spp. At the onset of bacteremic fever, the median neutrophil

count was 190/μl (range 0–20 000/μl); 94% of patients with bacter-

emia were hospitalized, and the related death rate was 33%

(29/89 patients). Regarding antimicrobial prophylaxis in the entire

patient cohort, 115/230 (50%) patients received at least anti-bacterial

prophylaxis (mainly with levofloxacin-102/115) and 126/230 (55%)

received at least anti-fungal mold-active prophylaxis (mainly with

posaconazole-105/126). Only 90/230 patients (39%) received both

prophylaxis (anti-bacterial+anti-mold). Interestingly, only 28% (13/47)
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F IGURE 1 (A) Overall survival: (a) All 230 cases. (b) OS in patients treated with HMAs alone versus HMAs+VEN. (B) (a) Number of patients
with one more infectious episodes (clinically or radiologically documented). (b) 272 documented infections. (C) Factors affecting OS in univariate
and multivariate analysis.
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of patients with bacterial pneumonia had received anti-bacterial pro-

phylaxis, compared to 63% (84/133) of patients who did not develop

any pneumonia (133/230) during treatment (p = .0002). In addition,

only 31% (8/26) of patients with fungal pneumonia had received

mold-active prophylaxis compared to 61% (81/133) of those who did

not develop any fungal pneumonia (p = .008). A total of 28/67

patients (31.5%) with bacteremia had received anti-bacterial prophy-

laxis, compared to 90/163 patients (55%) without bacteremia

(p = .08). Table S4 shows the factors affecting OS for all 230 cases. In

multivariate analysis, the only factor affecting OS in the entire patient

population and in the HMAs alone subgroup, was the achievement of

AML response during therapy (p < .0001, 95% CI 4.26–8.95 and

p < .0001, 95% CI 4.63–16.51, respectively). However, in the HMAs

+VEN group, the OS was influenced not only by the achievement of

AML response but also by the development of pneumonia (p < .0001,

95% CI 3.53–9.9, and p = .046, 95% CI 0.4-1.03, respectively)

(Figure 1C). The following baseline factors were tested, in univariate

and multivariate models, as possible factors affecting infection onset

(predictive or protective factors) during HMAs±VEN therapy: antimi-

crobial prophylaxis (anti-bacterial+anti-mold), age ≥ 75 years, leuko-

penia at onset (WBC < 2000/μl), leukocytosis at onset

(WBC > 30 000/μl), marrow blasts percentage (>or <50%), molecular

cytogenetic risk (high risk vs. other) and secondary AML. Univariate

and multivariate analysis showed secondary AML as a predictive

factor for infection (p = .05 in univariate analysis and p = .02 in

multivariate analysis), while combined antimicrobial prophylaxis

(anti-bacterial+anti-mold agent) was a protective factor against pneu-

monia development (p = .0003 in univariate analysis and p = .0001 in

multivariate analysis).

Although relevant to patients' outcomes, the issue of infectious

complications in AML treated with HMAs±VEN, has not been pro-

spectively investigated, and only retrospective studies are available.

s6–s10 Some information on infectious complications is obtained

from pivotal studies, which, however, did not include infections in

either primary or secondary trial endpoints and, therefore, reported

incomplete data. 2,s5 Recently, a few large retrospective observa-

tional studies on infectious complications in patients treated with

HMAs+VEN, primarily focusing on invasive fungal infections (IFIs),

have been published. However, these studies are not easily compara-

ble due to differences in patients' characteristics and endpoints (some

reporting only the incidence of fungal or bacterial infections). Further-

more, available information on prophylaxis (anti-bacterial, antifungal,

or antiviral) and infection features (type of complication, timing of

event, type of isolates, related mortality) is often incomplete. In addi-

tion, all these retrospective studies include patients who were treated

with HMAs + VEN not only at diagnosis but also in a relapsed/refrac-

tory AML setting, thus making the treated population very

heterogeneous.3–5 The results of these studies are reported in the

Supplementary Material.

The analysis of our study population (100% receiving a first-line

therapy) reveals that infectious complications are very common (at least

one infectious complication in 70% of patients), as reported in the

VIALE-A trial (documented infections in 84% of patients), accounting for

the primary cause of death in 26% of cases and being a contributing

cause (associated with AML) in another 24%. Furthermore, in our study,

infectious complications were found to affect the patients' outcome and

survival, especially in the HMAs + VEN treated group. Indeed, in multi-

variate analysis, one of the factors that significantly and adversely

affected OS in patients treated with the combo therapy, was the pres-

ence of pneumonia. Regrettably, a high rate of deaths in the CR phase

was reported in the HMAs+VEN cohort (16/78–21%), 94% of whom

were due to pneumonia or other infectious complications. Consequently,

even if this prospective study confirms, in a real-life setting, a higher

overall response rate (ORR) of HMAs + VEN therapy compared to

monotherapy (ORR 72% vs. 46%), this finding did not translate into a sig-

nificant OS benefit (median OS of 11 months in the HMA + VEN group

versus 9 months in the HMAs monotherapy group; p = ns). However, it

must be underlined that the patients included in this prospective obser-

vational study were the first cohort of patients treated with the HMAs

+ VEN combination in Italy. Therefore, the observed unsatisfactory

results in terms of OS also probably reflect an early learning phase in the

management of this treatment, in which the high risk of serious infec-

tious complications was probably not properly assessed, being prophy-

laxis of complications is very heterogeneous and, perhaps, not always

appropriate. In fact, we found that only 28% (13/47) of patients with a

bacterial pneumonia had received anti-bacterial prophylaxis, only 31%

(8/26) of patients with fungal pneumonia had received mold-active pro-

phylaxis and only 31.5% (28/67) of patients with bacteremia had

received anti-bacterial prophylaxis. Notably, the multivariate analysis

demonstrated a significant preventive role against pneumonia for antimi-

crobial prophylaxis, while secondary AML represents a predictive factor

for infection (this is in line with the results of Lee et al.).5

In conclusion, the results of this multicentric, prospective study

confirm a higher ORR rate in patients treated with HMAs+VEN com-

pared to HMAs alone (p = .0001). However, we found a high rate of

infectious complications with a higher infection-related deaths in

responder patients who were treated with the HMAs+VEN combina-

tion (p = .005). Multivariate analysis showed a significant preventive

role against pneumonia of antimicrobial prophylaxis (anti-bacterial

+mold-active prophylaxis). From a practical point of view, this study

shows that infectious mortality adversely impacts the OS of this frail

AML population and highlights the relevance of anti-infective prophy-

laxis during HMAs+VEN therapy in AML.2,6
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Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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