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Background and Objectives. Even though the risk of
pneumonia is higher in patients with advanced dis-
ease, the potential risk of death is particularly rele-
vant during induction therapy, when patients can be
potentially cured of their hematologic disease: our
study was aimed at evaluating the risk and outcome
of pneumonia in these patients.

Design and Methods. We retrospectively studied all
458 patients affected by acute leukemia receiving
an anthracycline-containing induction regimen in the
years 1984-1989.

Results. Of the 458 patients, 109 (23.8%) developed
pneumonia: 91 had acute myelogenous leukemia
(AML) and 18 had acute lymphoblastic leukemia
(ALL). At univariate analysis, advanced age, AML and
total blast count significantly correlated with the risk
of pneumonia. At multivariate analysis, only age (p<
0.0001) and total blast count (p=0.002) retained
their prognostic significance. Pneumonia responded
to treatment in 67 (61.5%) patients, while 42
(38.5%) patients died. Among patients with pneu-
monia, 51 (46.8%) patients achieved a complete
remission:  9/18 ALL and  42/91 AML. At univariate
analysis, the most significant determinant of a pos-
itive outcome was the achievement of complete
remission; a higher absolute neutrophil count at the
onset of pneumonia, the absence of rales, a single
infiltrate and the absence of microbiological demon-
stration of infection were also related to a positive
outcome. At multivariate analysis, the achievement
of complete remission and, with borderline signifi-
cance, a single infiltrate maintained their prognos-
tic value.

Interpretation and Conclusions. Pneumonia remains
one of the most relevant risks of morbidity and mor-
tality during induction therapy for acute leukemia. A
fatal outcome is associated, in most cases, with a
failure to achieve remission of leukemia.
©2000, Ferrata Storti Foundation
Key words: acute leukemia, pneumonia, anthracyclines, immuno-
compromised host, antibiotic therapy

Pneumonia is one of the most frequent life-
threatening complications in patients
affected by a hematologic neoplasia.1-7

Although neutropenia is the most important pre-
disposing factor, other mechanisms play a role in
different settings: defects in humoral and cellu-
lar immunity, defects in mucosal defensive mech-
anisms, and functional alterations of neu-
trophils. The prognosis remains poor, even after
the recent improvements in supportive therapy.
The diagnosis can be difficult for many reasons:8

an impaired inflammatory response can reduce
clinical or radiological signs; an etiological diag-
nosis is difficult to obtain because of the risk of
hemorrhage due to thrombocytopenia. Even
though patients with advanced hematologic dis-
ease have a higher risk of developing pneumo-
nia, this complication frequently affects patients
with hematologic diseases at their onset. Pneu-
monia can be a significant cause of death in
these patients, too. This study was designed to
evaluate risk factors for and outcome of pneu-
monia in a relatively homogeneous group of
patients: patients with newly diagnosed acute
leukemia, treated with conventional therapeutic
regimens containing anthracyclines.

Design and Methods

Patients
Patients with newly diagnosed de novo acute

leukemia, treated from 1984 to 1999 with
anthracycline-containing regimens were includ-
ed. Patients who developed pneumonia during
induction therapy were compared with patients
who did not develop pneumonia. The study
included 458 patients: 343 had acute myeloge-
nous leukemia (AML) and 115 had acute lym-
phoblastic leukemia (ALL).

Induction chemotherapy
Of the 343 patients with AML, 180 were treat-

ed with idarubicin and 163 with daunorubicin;
they all, except 48 patients affected by acute



promyelocytic leukemia, received cytosine ara-
binoside (ara-c): 25 of them received ATRA. In
74 patients the regimen included etoposide (VP-
16), in 19 thioguanine, in 6 etoposide + thiogua-
nine. Patients aged under 65 years old received
three days of anthracycline and seven days of
ara-c; patients aged more than 65 years received
two days of anthracycline and five days of ara-
c. VP-16 was given for three days. Of the ALL
patients, 67 were treated with idarubicin and 48
with daunorubicin; they all received vincristine
and prednisone. In 73 patients the regimen
included also L-asparaginase, in 23 patients
cyclophosphamide. Two different regimens were
employed, with anthracyclines on days 1 and 2
or on days 1 and 8.

Assessments
Blood was taken from all patients at least every

other day for routine biochemistry and hema-
tology evaluations. Chest X-ray was performed
when fever appeared and twice a week in case of
persistence of fever. Three blood cultures were
performed at the onset of fever and once a day
until the fever abated. Bronchoalveolar lavage
(BAL) or lung biopsies were not performed sys-
tematically, but were done in selected patients.

Diagnosis and definition of pneumonia
Pneumonia was defined as a new infiltrate on

chest X-ray, accompanied by a fever higher than
38°C. The onset of pneumonia was defined as
occurring on the day when the new lung infil-
trate appeared; the end of pneumonia was
defined as occurring on the day of the first nor-
mal chest X-ray or the day of the patient’s death.
A micro-organism was considered causative
when it was isolated from the lung by bron-
choalveolar lavage or biopsy or from blood (two
positive blood cultures were required for Staphy-
lococcus epidermidis). Cases of pulmonary edema,
demonstrated leukemia infiltrates or pulmonary
hemorrage were excluded. Computerized axial
tomography (CAT) of the chest was performed
only in selected cases prior to 1994; from 1994
it was performed systematically.

Antibiotic prophylaxis and therapy
All neutropenic patients received antibacteri-

al prophylaxis with trimethoprim-sulfamethoxa-
zole (one double strength tablet orally twice a
day) before 1993 and with ciprofloxacin (500
mg twice a day) starting from 1993. Selected
patients received antifungal prophylaxis with dif-
ferent drugs (nystatin, fluconazole, itraconazole,
low-dose intravenous amphotericin). Most
patients were treated empirically with an antibi-
otic combination containing an aminoglycoside
(generally amikacin) and a cephalosporin. Sub-
sequent modifications of antibacterial drugs

were dictated by microbiological or clinical cri-
teria. Intravenous amphotericin at therapeutic
doses was introduced in 51 patients at a medi-
an of 7.5 days from the onset of the pneumonia.
Starting from 1994, lipid formulations of
amphotericins were used in selected patients; in
most of these patients we used liposomal
amphotericin. 

Supportive therapy
Growth factors (G-CSF) were used in most

patients starting from 1995. No patient received
white blood cell transfusions. Platelet transfu-
sions were given when the platelet count was
lower than 5,000 or in case of hemorrhage.

Statistical analysis
T-test and Fisher’s exact test were used, as

appropriate.

Results

Risk of pneumonia
Tables 1, 2a and 2b detail the characteristics

of the whole group of patients treated with
induction therapy for acute leukemia, divided in
two subgroups: patients who developed pneu-
monia and patients who did not.

Table 1 shows general characteristics. Tables
2a and 2b show cases of pneumonia according
to FAB subtypes. Table 3 shows the time inter-
vals between the beginning of chemotherapy
and the onset of pneumonia. One hundred and
nine patients developed pneumonia during
induction therapy: 91 had AML and 18 had ALL.
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Table 1. Characteristics of all patients with acute leukemia.

Pneumonia No pneumonia P

Pts 109 349

Age in years, mean, range 55.73 (19-80) 46.90 (18-83) 0.0001

AML, n (%) 91 (26.5%) 252 (73.5%)

ALL, n (%) 18 (15.6%) 97 (84.4%)

Sex M n (%) 60 (23%) 201 (77%) n.s.

Sex F n (%) 49 (24.9%) 148 (75.1%)

Hemoglobin g/dL, mean, range 8.68 (5.2-13.4) 9.12 (3.6-15.5) n.s.

RBC, mean, range 2.76 (1.36-5.97) 2.89 (0.98-6.01) n.s.

WBC, mean, range 51.80 (0.6-348) 42.50 (0.5-400) n.s.

Total blast count, mean, range 36.84 (1.3-344.5) 24.88 (0.1-364) 0.033

ANC, mean, range 6.925 (0.1–23.4) 6.137 (0.1-68.7) n.s.

Platelets, mean, range 61.70 (7-455) 71.90 (5-451) n.s.

PT, mean, range 81.20 (35-115) 77.30 (15-120) n.s.

PTT, mean, range 28.1 (25-70) 30.4 (19-314) n.s.

Fibrinogen, mean, range 395.80 (70-875) 343.10 (30-994) 0.01

WBC, ANC : x103/µL. RBC : x106/µL. Hb: g/dL. Platelets: x103/µL. Fibrinogen:
mg/dL. Blood counts are at the onset of leukemia.
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Among AML patients, 46 induction regimens
contained idarubicin, and 45 daunorubicin;
among ALL patients, 10 induction regimens
contained idarubicin and 8 daunorubicin. At
univariate analysis, advanced age, AML and
total blast count significantly correlated with the

risk of pneumonia. At multivariate analysis, only
age (p< 0.0001) and total blast count (p=0.002)
retained their prognostic significance. Fibrinogen
levels at the time of diagnosis of leukemia were
higher in the group of patients with pneumonia;
even patients who developed pneumonia seven
or more days after the beginning of chemother-
apy had higher fibrinogen levels at the diagnosis
of leukemia (385.26 mg/dL); this may reflect the
presence of biochemical indices of infection
before the chest X-ray became positive.

Twenty-six patients had pneumonia when
chemotherapy for leukemia was begun. No sig-
nificant correlation between outcome and the
time interval from beginning of chemotherapy
and onset of pneumonia could be shown.

Etiology
Most pneumonias were caused by bacteria:

enteric aerobic Gram-negative, especially in the
first years, Gram-positive (mostly Staphylococci)
and less common Gram-negative species, such
as Stenotrophomonas maltophilia and Flavobacterium
meningosepticum.

A fungal etiology was microbiologically estab-
lished in 4 cases when Aspergillus was isolated in
BAL or lung biopsy; in 3 cases a diagnosis of
probable fungal pneumonia was made according
to a characteristic CAT picture (in one case
Aspergillus was isolated in a nose culture). Table
4 shows causative micro-organisms, isolated
either from blood cultures or from the lung (BAL
or lung biopsy).

Outcome of pneumonia
Pneumonia responded to treatment in 67

patients, while 42 patients died. Among patients
with pneumonia, 51 patients achieved a com-
plete remission:  9/18 ALL and 42/91 AML.

As the outcome rate was the same in patients
with AML and ALL, the analysis of prognostic
factors for outcome of pneumonia was made
on the whole group of patients.

In 11/42 patients the death was primarily
attributed to a different cause (3 hemorrhage, 4
leukemia progression, 4 hemorrhage and
leukemia progression).

Tables 5a and 5b detail the characteristics of
patients divided according to the outcome:
hematologic data are reported at the onset of
leukemia, and at the onset, at day 7 and at the
end of pneumonia.

At univariate analysis, the most significant
determinant of a positive outcome was the
achievement of complete remission. The follow-
ing factors were also related to a positive out-
come: a higher ANC, the absence of rales; a sin-
gle infiltrate rather than multiple infiltrates or a
diffuse pattern. The absence of microbiological

Table 2a. FAB types in AML.

FAB type Pneumonia No pneumonia

0 5 (45.5%) 6 (54.5%)
1 40 (40%) 60 (60%)
2 17 (21%) 64 (79%)
3 9 (16.7%) 45 (83.3%)
4 13 (20.6%) 50 (79.4%)
5 3 (15.8%) 16 (84.2%)
6 1 (14.3%) 6 (85.7%)
7 3 (37.5%) 5 (62.5%)

Table 2b. FAB types in ALL.

FAB type Pneumonia No pneumonia

1 6 (14.6%) 35 (85.4%)
2 11 (17.2%) 53 (82.8%)
3 1 (10%) 9 (90

p = n.s.

Table 3. Time from beginning of chemotherapy to onset of
pneumonia according to outcome.

Days Positive Death

At diagnosis 15 11
< 7 17 6
7-14 12 7
14-21 9 9
> 21 14 9
Total 67 42

p= n.s.

Table 4. Etiology of pneumonias.

Aspergillus terreus 1
Aspergillus fumigatus 2
Aspergillus fumigatus + Staph. aureus 1
Staphylococcus aureus 4
Staphylococcus simulans 1
Staphylococcus epidermidis 2
Alpha-hemolyticus streptococcus 3
Enterococcus fecalis 2
Escherichia coli 3
Pseudomonas aeruginosa 3
Pseudomonas aeruginosa + Candida albicans 1
Stenotrophomonas maltophilia 2
Stenotrophomonas maltophilia + staphylococcus 1
Flavobacterium meningosepticum 2
Klebsiella pneumoniae 3



demonstration of infection was also related to a
good prognosis.

A multivariate analysis was performed includ-
ing the parameters: hemoglobin, RBC, WBC,
ANC, total blast count, platelets, fibrinogen,
age, type of leukemia, sex, demonstration of
infection, the presence of rales or pleural pain,
single vs. multiple infiltrates. Only the achieve-
ment of complete remission and, with border-
line significance, a single infiltrate maintained
their prognostic value.

Two patients with fungal pneumonia had a
CNS localization; they both died of their disease.
In five patients, septic shock was the first mani-
festation of infection: 2 of them died (Pseudo-
monas aeruginosa and Stenotrophomonas maltophilia)
while three were cured (Staphylococcus epidermidis,
Pseudomonas aeruginosa and Stenotrophomonas mal-
tophilia).

Discussion
Patients with acute leukemia who, because of

age and good general condition, can be treated
with intensive induction chemotherapy, now
have significant rates of complete remission and
long survival. Infectious complications are some
of the most important hurdles to overcome
before the achievement of remission.9,10 Even
though patients with advanced hematologic dis-
ease are at higher risk of developing pneumo-
nia, the potential risk of death is particularly rel-
evant in hematologic patients at diagnosis,
when they can be potentially cured of their
hematologic disease. For this reason we have
included in our study only patients treated with
regimens containing anthracyclines and have
excluded patients treated with different regi-
mens with palliative intent. No aggressive induc-
tion regimens without anthracyclines were
employed in our institution in these years.
Patients with acute leukemia evolved from
known myelodysplastic syndromes or myelo-
proliferative disease and blast crises of CML
were also excluded, because the risk of infections
in these patients can be increased. 

Among the factors related to the risk of pneu-
monia during induction therapy, age was the
most significant, even though patients aged over
65 received reduced doses of chemotherapy.
Leukemic mass, expressed as total blast count,
was related to the risk of pneumonia. Both these
factors maintained their prognostic significance
also at multivariate analysis. The increased risk
of pneumonia in AML patients, not maintained
at multivariate analysis, was accounted for by
increased age and total blood count in AML
patients vs. ALL patients. Induction therapy for
AML is associated with longer and more pro-
found neutropenia and the risk associated with
it may be higher than the risk associated with
steroid therapy in ALL patients.

The identification of causative agents of pneu-
monia is often difficult because of the potential
complications of invasive procedures in patients
with low neutrophil and platelet counts. In par-
ticular, there may be more fungal pneumonias
than those we can demonstrate with available
techniques;11,12 this has been shown by post-
mortem series.13 For these reasons, criteria have
been developed to allow diagnosis of probable or
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Table 5a. Characteristics of all patients with pneumonia
according to outcome.

Positive Death p

Patients 67 42
Age in years mean (range) 54.3 (19-76) 57.4 (19-78) n.s.
AML n, (%) 56 (61%) 35 (39%) n.s.
ALL n, (%) 11 (61%) 7 (39%)
Sex M n, (%) 32 (53%) 28 (47%) 0.04
Sex F n, (%) 35 (71%) 14 (29%)
BDI n, (%) 15 (52%) 14 (48%) n.s.
CDI n, (%) 52 (65%) 28 (35%)
CR at the end n, (%) 47 (92%) 4 (8%) < 0.0001
no CR at the end n, (%) 20 (34%) 38 (66%)
Rales YES n, (%) 35 (51%) 34 (49%) 0.001
Rales NO n, (%) 32 (80%) 8 (20%)
Pleural pain YES n, (%) 28 (62%) 17 (38%) n.s.
Pleural pain NO n, (%) 39 (61%) 25 (39%)
Single infiltrate n, (%) 31 (73%) 11 (27%) 0.003
Multiple infiltrates n, (%) 36 (54%) 31 (46%)

Table 5b. Evolution of blood cell counts and fibrinogen lev-
els.

Positive Death p

Onset of AL
Hemoglobin 8.59 (7.92-9.27) 8.76 (5.2-13.4) n.s.
RBC 2.73 (2.52-2.96) 2.80 (1.36-5.97) n.s.
WBC 54.4 (0.6-236) 47.6 (1-348) n.s.
ANC 3.34 (0.1-12.5) 1.17 (0.3-23.4) n.s.
Total blast count 38.3 (1.3-226.6) 34.3 (13.2-344.5) n.s.
Platelets 73.5 (8-455) 56 (7-187) n.s.
Fibrinogen 382 (70-875) 294 (153-820) n.s.

Onset of pneumonia
Hemoglobin 9.22 (6.4-15.8) 8.75 (5.5-13) n.s.
WBC 18.7 (0.1-217)) 15.3 (0.1-100) n.s.
ANC 2.15 (0.1-17.32) 0.47 (0.3-2.33) 0.01
Platelets 28.3 (2-95) 19.2 (5-63) n.s.
Fibrinogen 411.2 (122-654) 468.3 (149-990) n.s.

Day 7 of pneumonia 
WBC 6.45 (1.31-31.7) 6.7 (1.43-13.7) n.s.
ANC 3.54 (0-16.7) 0.68 (0.1-1.3) 0.001

End of pneumonia 
WBC 3.33 (0-14.9) 21.2 (0.1-288) 0.01
ANC 2.26 (0-9.5) 0.74 (0-7.5) 0.003

WBC, ANC: x109/L; RBC: x106/mL; Hb: g/dL; platelets: x109/L; fibrinogen:
mg/dL. Abbreviations: AML: acute myelogenous leukemia; ALL: acute lym-
phoblastic leukemia; WBC: white blood cells; RBC: red blood cells; ANC:
absolute neutrophil count; Hb: hemoglobin; BDI: bacteriologically demon-
strated infections; CDI: clinically demonstrated infections; CR: complete remis-
sion; FAB: French-American-British classification.



possible fungal infections in neutropenic patients,
even when a microbiological demonstration is
not possible.14 Discriminant scorecards have
also been developed.15 Although fungal pneu-
monias are more common in advanced phases
of hematologic diseases, they can be present in
patients at disease onset. In our group, a fungal
etiology was microbiologically established in 4
cases, while in 3 cases it was considered as prob-
able, based on radiologic criteria. Table 4 shows
micro-organisms isolated both from the lung
(BAL or lung biopsy) and from the blood. How-
ever, when a micro-organism is isolated from
blood in a patient with pneumonia, it is not nec-
essarily the cause of the pneumonia. Some of
the factors associated with a poorer outcome
can be evaluated at the onset of pneumonia: a
lower ANC, the presence of rales and of multi-
ple infiltrates.

When considering prognostic factors for out-
come, it must be considered that it is generally
difficult to distinguish between infectious and
non-infectious causes of death in patients affect-
ed by a hematologic disease. Most infectious
deaths occur in patients with unresponsive
leukemia. As expected, neutropenia plays a cru-
cial role in the evolution of pneumonia: this has
been shown in various series.16,17 At univariate
analysis, achievement of complete remission,
higher ANC, the absence of rales and a single
infiltrate at the onset of pneumonia were asso-
ciated with a positive outcome. Multivariate
analysis confirms that the achievement of com-
plete remission is far the most significant deter-
minant of outcome; this is shown in most report-
ed series.2,17 Complete remission is associated
with resolution of neutropenia and improvement
of the underlying immune deficiency due to
leukemia. Only 4/42 patients died after achieve-
ment of complete remission. Growth factors
were used in most but not all patients starting
from 1995 and their role in prevention or treat-
ment of pneumonia cannot be evaluated in our
group of patients. As different types of prophy-
laxis were used in different years, no conclusions
can be drawn about the role of prophylaxis.
Willhelm et al.,17 analyzing 67 cases of pneumo-
nia in 278 patients treated with induction ther-
apy for AML, showed that pneumonia diagnosed
within the 1st or 2nd week of chemotherapy had
a lower response rate (43%) than the other pneu-
monias. In contrast, in our group of patients no
significant correlation could be shown (Table 3)
between the time interval from the beginning of
the chemotherapy and onset of pneumonia and
the outcome: patients who develop pneumonia
later may be advantaged by a nearer rise of ANC;
this can be balanced by the presence, among
them, of patients whose prolonged neutropenia

was a sign of failure to achieve complete remis-
sion. However a possible correlation may be dif-
ficult to show because nearly one quarter of our
patients were diagnosed as having pneumonia
before treatment began. Environmental or phar-
macologic measures can be used to try to pre-
vent pneumonia. The efficacy of drug prophy-
laxis, both antibacterial and antifungal, is con-
troversial. Antifungal prophylaxis with non-
absorbable drugs has not been shown to be
effective in reducing systemic infections; flu-
conazole, the most widely used systemic pro-
phylactic drug, is not effective against filamen-
tous fungi, the most frequent cause of pul-
monary fungal infections. The role of ampho-
tericin, when used intravenously at low doses or
as an aerosol or nasal spray, must still be sup-
ported by controlled studies. New perspectives
can be opened by new azoles, such as itracona-
zole, especially when used as oral solution, or
voriconazole.18,19

As previously mentioned, fungi may play an
important role in these patients, so correct use
of antifungal therapy appears critical to improv-
ing treatment of pneumonia in neutropenic
patients. Amphotericin has been the most used
antifungal parenteral drug. As its use, for the
above reasons, is empirical in most cases, the
most appropriate time to use it has not been
clearly defined: in most institutions it is intro-
duced after five or seven days of fever resistant
to broad spectrum antibacterial therapy.20 Ear-
lier introduction in patients affected by pneu-
monia could be opportune, but the toxicity of
conventional amphotericin B can be relevant,
especially in patients receiving other nephrotox-
ic drugs (e.g. amikacin or cyclosporine). New
lipid formulations of amphotericins are less tox-
ic, even if more expensive; recent trials have
shown their reduced toxicity as therapy of
mycotic infections and as empiric therapy for
neutropenic fever.21 Trials are in progress to eval-
uate the optimal dose and the relative efficacy
and toxicity of different preparations.22

However, the strong correlation shown by all
groups between achievement of complete remis-
sion and response rate of pneumonia confirms
that efforts to increase complete remission rates
in acute leukemia are crucial for improving the
outcome of pneumonia in these patients.
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Potential implications for clinical practice
♦ Defining risk of pneumonia in leukemia at onset,

trying to identify high-risk groups. Analysis of fac-
tors associated with outcome.




