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Abstract Pneumocystis jiroveci pneumonia is a common
infection in patients with AIDS but an infrequent cause of
pneumonia in cancer patients. Little is known about the
impact of cancer type and hematopoietic stem cell
transplantation on the presentation and outcome of P.
jiroveci pneumonia in cancer patients. A retrospective
cohort study of all patients with cancer and P. jiroveci
pneumonia cared for at The M.D. Anderson Cancer Center
during 1990–2003 was conducted. Eighty episodes of P.
jiroveci pneumonia in 79 patients were identified. In most
(67%) episodes, patients had a hematologic malignancy. In
23 (29%) episodes, patients had undergone hematopoietic
stem cell transplantation. Twenty-seven percent of patients
with histopathologically confirmed P. jiroveci pneumonia
had nodular infiltrates on the radiographic study. Pleural
effusion and pneumothorax were more common in patients
with hematopoietic stem cell transplantation than in those
with solid tumors. Clinical suspicion of P. jiroveci
pneumonia was less common in patients with nodular
infiltrates than in those without such a radiographic finding
(7 vs. 39%; p=0.002). Twenty-six of 76 (34%) patients with
data available died of P. jiroveci pneumonia. Predictors of

death by univariate analysis included older age, tachypnea,
high APACHE II score, use of mechanical ventilation or
vasopressors, lower arterial pH level, absence of interstitial
component, pneumothorax, and comorbid conditions (all
p<0.05). Multivariate analysis identified the use of me-
chanical ventilation as an independent predictor of death.
Death attributable to P. jiroveci pneumonia appeared to be
higher in patients with hematopoietic stem cell transplan-
tation. The clinical presentation of P. jiroveci pneumonia in
cancer patients may be affected by the category of cancer
and the history of hematopoietic stem cell transplantation.
P. jiroveci pneumonia remains a rare yet severe infection in
cancer patients.

Introduction

Pneumocystis jiroveci formerly Pneumocystis carinii pneu-
monia (PCP) is a well-recognized life-threatening infection
in patients with AIDS, leukemia, and lymphoma, in patients
who have undergone hematopoietic stem cell transplanta-
tion (HSCT), and in patients receiving high doses of
systemic corticosteroids [1–7]. The AIDS pandemic
brought a surge in studies on PCP, since PCP is a common
infection in AIDS patients [2]. PCP is less common among
cancer patients, including those who have undergone HSCT
[2, 8–10].

Several studies have contrasted the clinical manifesta-
tions of PCP in patients with and in patients without AIDS
[11–13]. To our knowledge, however, few data have been
published on the impact of different types of cancer and
hematopoietic stem cell transplantation (HSCT) on the
presentation and outcome of PCP in cancer patients [14].

We sought to determine the incidence of, the risk factors
for, and the clinical characteristics and outcome of PCP in
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cancer patients according to type of cancer and history of
HSCT. To that end, we reviewed our 14-year experience at
our tertiary cancer center.

Patients and methods

Patient identification

To identify patients with cancer and PCP, we reviewed the
pathology and autopsy reports for all patients with cancer
cared for at The University of Texas M.D. Anderson Cancer
Center between January 1990 and December 2003. This
study was approved by the Institutional Review Board.

Definitions

PCP was defined as the identification of P. jiroveci by
Gomori methenamine silver staining in a respiratory
specimen (e.g., bronchoalveolar lavage specimen or lung
tissue) or in autopsy material from a patient with clinical or
radiographic evidence of pneumonia. Coinfections were
defined as other infections that occurred within 1 month of
the episode of PCP. A high dose of corticosteroids was
defined as a cumulative dose of at least 600 mg of a
prednisone equivalent within the 1 month before the
diagnosis of PCP. Breakthrough infection was defined as
PCP occurring in a patient who received prophylactic
agents with known activity against P. jiroveci (e.g.,
trimethoprim-sulfamethoxazole [TMP-SMX], pentamidine)
administered for at least 7 days before the diagnosis of PCP.
Neutropenia was defined as a neutrophil count of less than
500 neutrophils/ml. Lymphopenia was defined as a lym-
phocyte count of less than 1,000 lymphocytes/ml. AIDS
was defined according to standardized criteria [15].

Prophylaxis and outcome of P. jiroveci pneumonia

PCP prophylaxis was administered routinely to patients
who underwent hematopoietic stem cell transplantation
(HSCT) and to patients with lymphoid malignancies treated
with purine analogs or corticosteroids. In patients undergo-
ing allogeneic HSCT, PCP prophylaxis consisted of TMP-
SMX double-strength twice a day from day 8 before HSCT
through day 2 before HSCT. After engraftment, TMP-SMX
was reinitiated and administered twice a week and was
continued for 1 year after HSCT. In patients who were
allergic to sulfa drugs, inhaled administration of pentami-
dine every 3 weeks was substituted for TMP-SMX.

In patients undergoing autologous HSCT, PCP prophy-
laxis consisted of TMP-SMX twice a day from admission
through day 2 before HSCT. After absolute neutrophil
counts reached 1,500 cells/ml, TMP-SMX was reinitiated

and administered twice a week and was continued for
6 months after HSCT. Similarly, pentamidine every 3 weeks
was used for sulfa-allergic patients.

Death was attributed to PCP if death was due to
progressive respiratory failure in a patient with documented
PCP.

Statistical analysis

Fisher’s exact test was used to analyze the distribution of all
groups. Survival was estimated using the Kaplan-Meier
nonparametric method, with the log-rank test used to
determine statistical significance. Univariate and multivar-
iate Cox proportional hazards regression analyses were
conducted to evaluate the crude effects of each potential
predictor on PCP-associated death. All tests were two-
sided. Differences were considered statistically significant
when p was less than 0.05. Statistical analysis was
performed using SPSS version 11.0 statistical software
(SPSS, Chicago, IL, USA).

Results

Incidence and patient characteristics

Of the patients with cancer seen at our institution during the
study period, 79 had PCP. One of these patients had two
separate episodes of PCP, for a total of 80 episodes. The
incidence of PCP was 41 cases per 100,000 patients. The
incidence among patients with hematologic malignancies
was higher than the incidence among patients with solid
tumors (187 vs. 16 cases per 100,000 patients; p<0.001).
The incidence among patients who underwent HSCT was
386 cases per 100,000 patients; the incidence was similar in
patients who underwent allogeneic HSCT and in those who
underwent autologous HSCT. The incidence among cancer
patients and among patients who underwent HSCT
remained stable by year over the study period.

The patient characteristics associated with episodes of
PCP are presented in Table 1. The median age at diagnosis
of PCP was 48 years (range, 7–82 years). The majority of
episodes of PCP occurred in patients with hematologic
malignancies (53 of 80 [66%]), most of whom had either
leukemia (49%) or lymphoma (45%). Twenty-three (29%)
patients had undergone HSCT, of whom 13 had undergone
allogeneic HSCT. The median time from HSCT to PCP
diagnosis was 263 days (range, 13–1,956 days). Four of the
13 patients who had undergone allogeneic HSCT developed
PCP at least 1 year after transplantation (range, 148–
486 days); of these, three had graft-versus-host disease and
were receiving high-dose corticosteroids. Four of the ten
patients who had undergone autologous HSCT developed
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PCP at least 6 months after transplantation (range, 13–
1,956 days); of these, two were receiving high-dose
corticosteroids.

Several patient characteristics varied according to the
underlying condition (Table 1). Clinical suspicion of PCP
was less common in patients with hematologic malignan-

Table 1 Characteristics of 80 episodes of Pneumocystis jiroveci pneumonia (PCP) in 79 patients with cancer

Characteristic Total
(n=80)a

Hematologic
malignancy
(n=32)a

Solid tumor
(n=25)a

HSCT
(n=23)a

Gender, M/F 54/26 23/9 15/10 16/7
AIDS 10/67 (15%) 5/27 (19%) 5/19 (26%) 0/21 (0%)
Clinical suspicion of PCP before definitive diagnosis 59/77 (77%) 19/30 (63%)b 23/25 (92%)b 17/22 (77%)
Fever 69/80 (86%) 29/32 (91%) 21/25 (84%) 19/23 (83%)
Median respiratory rate in breaths per minute (range)c 22 (13–65) 22 (16–60) 24 (13–65) 20 (16–38)
Median APACHE II score (range)c 13 (5–25) 13 (5–25) 13 (5–20) 13 (7–25)
ICU admission 40/78 (51%) 11/31 (35%)d 15/24 (63%)d 14/23 (61%)
Mechanical ventilation 32/40 (80%) 10/11 (91%) 10/15 (67%) 12/14 (86%)
Neutropeniac 9/80 (11%) 3/32 (9%) 2/25 (8%) 3/23 (13%)
Lymphopeniac 62/80 (78%) 24/32 (75%) 19/25 (76%) 19/23 (83%)
Median CD4+ T-lymphocyte count within 6 months of
infection (range)

46 (4–750) 55 (10–750) 18 (4–57) NC (41–636)e

Median duration of lymphopenia in days (range) 88 (2–2,374) 135 (3–968)f 89 (2–2,374) 27 (5–725)f

PO2 level <70 mmHgc 29/63 (46%) 15/25 (60%) 8/21 (38%) 6/17 (35%)
Arterial pH level <7.33c 6/63 (10%) 2/25 (8%) 0/21 (0%)g 4/17 (24%)g

Median LDH level in IU/l (range)c 1,070 (201–
47,810)

1,018 (201–
47,810)

1,151 (569–
21,204)h

793 (462–
5,429)h

Bilateral infiltrates 72/80 (90%) 28/32 (88%) 22/25 (88%) 22/23 (96%)
Interstitial component 60/80 (75%) 23/32 (72%) 21/25 (84%) 16/23 (70%)
Pleural effusion 20/80 (25%) 8/32 (25%) 3/25 (12%)i 9/23 (39%)i

Pneumothorax 4/80 (5%) 1/32 (3%) 0/25 (0%)j 3/23 (13%)j

Comorbid condition 21/80 (26%) 9/32 (28%) 5/25 (20%) 7/23 (30%)
Coinfectionk 57/80 (71%) 24/32 (75%) 16/25 (64%) 17/23 (74%)
Cytomegalovirus coinfectionk 24/57 (42%) 10/24 (42%) 4/16 (25%)l 10/17 (59%)l

Corticosteroidsk 54/80 (68%) 20/32 (63%) 17/25 (68%) 17/23 (74%)
≥600 mg of a prednisone equivalentk 31/53 (58%) 6/20 (30%)m 10/16 (63%) 15/17 (88%)m

Chemotherapy or immunosuppressive drugsk 50/80 (63%) 21/32 (66%) 16/25 (64%) 13/23 (57%)
Breakthrough infection 6/80 (8%) 1/32 (3%)n 1/25 (4%) 4/23 (17%)n

Treatment characteristics
Single antimicrobial therapy 58/79 (73%) 20/31 (65%) 19/25 (76%) 19/23 (83%)
Median duration of therapy in days (range)o 21 (11–38) 21 (11–34) 21 (14–31) 23 (11–38)
Adjunctive corticosteroid therapy 73/80 (91%) 28/32 (88%) 25/25 (100%) 20/22 (91%)
Tapering of adjunctive corticosteroid 45/71 (63%) 16/28 (57%) 14/23 (61%) 15/20 (75%)
Death attributable to PCPp 26/76 (34%) 9/31 (29%) 7/24 (29%) 10/21 (48%)

HSCT hematopoietic stem cell transplantation, LDH serum lactate dehydrogenase, NC not calculable
aDenominator in some categories is less than the total because data were not available
bp=0.01
cAt diagnosis of infection
dp=0.04
eOnly two patients had data available
fp=0.009
gp=0.02
hp=0.07
ip=0.03
jp=0.06
kWithin 1 month of infection
lp=0.05
mp=0.0004
n p=0.06
oBased on number of patients who survived
pBased on number of patients with outcome data available

384 Eur J Clin Microbiol Infect Dis (2006) 25:382–388



cies than in those with solid tumors (Table 1). The median
duration of symptoms before admission was comparable in
patients with hematologic malignancies and in those with
solid tumors.

In 50 (63%) episodes, chemotherapy or immunosuppres-
sive drugs had been administered to the patient within
1 month before the diagnosis of PCP (Table 1). Five (6%)
patients were treated with a regimen containing purine
analogs (e.g., fludarabine, cladribine, pentostatin). In 54
(68%) episodes, corticosteroids had been administered to
the patient within 1 month before the diagnosis of PCP. In
31 of these cases, high-dose corticosteroids were given. The
cumulative dose of corticosteroids at the time of diagnosis
of PCP was lower in patients with hematologic malignan-
cies than in those who underwent HSCT (Table 1).

Ten of the 67 (15%) cancer patients with known HIV
serostatus were HIV positive, and all ten had AIDS. Prior
treatment with corticosteroids, chemotherapy, or immuno-
suppressive drugs was more common in cancer patients
without AIDS than in those with AIDS (p≤0.01).

Clinical presentation of P. jiroveci pneumonia at diagnosis

All patients but one were symptomatic at the time of
diagnosis, mainly with fever (86%), dyspnea (75%), and
dry cough (70%). In 40 (50%) episodes, patients were
admitted to the intensive care unit; in 32 of these episodes,
mechanical ventilation was required (Table 1). Admission
to the intensive care unit was more common in patients
with solid tumors than in those with hematologic malig-
nancies (Table 1).

At diagnosis of infection, neutropenia was uncommon
(11%), whereas lymphopenia was common (78%) (Table 1).
The duration of lymphopenia was significantly longer in
patients with hematologic malignancies than in those who
underwent HSCT (p=0.009) (Table 1). Data on CD4+ T-
lymphocyte counts within 6 months of infection were
available for 14 episodes; the median cell count was
46 cells/mm3 (range, 4–750 cells/mm3). The median CD4+
T-cell count was 19 cells/mm3 (range, 4–57 cells/mm3) among
AIDS patients and 55 cells/mm3 (range, 13–750 cells/mm3)
among non-AIDS patients. There was a trend (p=0.07) toward
a higher median serum lactate dehydrogenase (LDH) level at
diagnosis of infection in patients with solid tumors compared
to patients who underwent HSCT (Table 1). AIDS patients
had a significantly higher median serum LDH level at
diagnosis of infection compared to those without AIDS
(median 1,438 IU/l, range 820–28,736 IU/l, vs. median 981,
range 352–47,810 IU/l; p=0.02).

Information on PCP prophylaxis was not regularly
reported except for patients who underwent HSCT. Seven
HSCT patients were receiving PCP prophylaxis at the onset
of infection (median, 67 days; range, 3–230 days). For the

entire cohort of patients, six cases of breakthrough PCP
were identified, most of which (5 of 6 [83%]) occurred in
HSCT patients. Five cases occurred in patients receiving
inhaled (3 patients) or intravenous (2 patients) pentamidine,
and one occurred in a patient receiving TMP-SMX
prophylaxis. In 57 (71%) episodes, patients had coinfec-
tions. The most common copathogens were cytomegalovi-
rus (42%), Staphylococcus aureus (21%), Aspergillus spp.
(16%), and Stenotrophomonas maltophilia (11%). In 46 of
these cases, the coinfection involved the lungs.

Diagnosis

In 73 (91%) episodes, the diagnosis of PCP was based on
the identification of P. jiroveci in only one respiratory
sample. The rate of identification of P. jiroveci was signifi-
cantly higher with bronchoalveolar lavage specimens than
with lung tissue specimens (72 of 73 specimens [99%] vs.
15 of 19 specimens [79%]; p=0.005). In some patients,
PCP was diagnosed by more than one method. In six
patients, PCP was diagnosed postmortem. Four of the 15
(27%) patients with histopathologically confirmed PCP had
nodular infiltrates on the radiographic evaluation.

In most cases (90%), there were bilateral infiltrates on
the initial radiographic study. Pleural effusion was more
common in patients who underwent HSCT than in those
with solid tumors (Table 1). There was a trend (p=0.06)
toward a higher occurrence of spontaneous pneumothorax
in patients who underwent HSCT than in patients with solid
tumors (Table 1). Clinical suspicion of PCP was less
common in patients with nodular infiltrates than in those
without such a radiographic finding (7 vs. 39%, p=0.002).

Therapy and outcome

Antimicrobial therapy was given in 79 of 80 (99%)
episodes. As initial therapy, the most common antimicrobial
regimen used for PCP consisted of TMP-SMX monother-
apy in 53 (67%) episodes. In 21 (27%) episodes, patients
were treated with combination antimicrobial therapy. There
was a trend toward combination antimicrobial therapy
being more common in sicker patients who required
mechanical ventilation than in patients who did not (57 vs.
36%; p=0.09). The most common combination was TMP-
SMX plus pentamidine (in eight episodes). Five patients
with PCP and suspected invasive aspergillosis received
TMP-SMX plus caspofungin. Outcome was available for
four of them, two of whom died of PCP.

Twenty-six of 76 (34%) patients with outcome data
available died of PCP. The median duration of therapy for
patients who recovered from PCP was 2 days (range, 11–
34 days). Paradoxical worsening in response to TMP-SMX
therapy was observed in seven episodes in which patients
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received TMP-SMX prior to adjunctive corticosteroid
therapy. In the majority of cases (91%), patients received
adjunctive corticosteroid therapy (Table 1). There was a
trend toward adjunctive corticosteroid therapy being more
common in sicker patients who required mechanical
ventilation than in patients who did not (42 vs. 0%;
p=0.07). There were also trends toward administration of
corticosteroids being more common in patients who
eventually died of infection (100 vs. 88%, p=0.08), and
tapering of corticosteroids being less common in patients
who eventually died of infection (76 vs. 50%; p=0.06).

Death attributable to PCP appeared to be more common
in patients with HSCT than in patients who did not undergo
HSCT (48 vs. 29%; p=0.1). Mortality due to PCP was
similar among patients with autologous and allogeneic
transplantation.

Predictors of death due to PCP by univariate and
multivariate analyses are shown in Table 2. There was a
trend toward a lower absolute neutrophil count at diagnosis
of infection in patients who died of PCP compared to those
who survived (median 2,300 vs. 4,000 cells/ml; p=0.07).
The absence of an interstitial component, either alone or
combined with another radiographic pattern, was associated

with death due to PCP (Table 2). There was a trend toward
pleural effusion being more common in patients who died
of PCP than in those who survived (10 of 26 [38%] vs. 10
of 50 [20%]; p=0.08). Spontaneous pneumothorax was
significantly associated with fatal outcome (Table 2).
Patients who required mechanical ventilation were 28.9
times as likely to die of PCP as were patients without such
intervention (Table 2).

Discussion

In our study, the type of malignancy and the history of
HSCT influenced the clinical presentation of PCP in cancer
patients. In addition, our data show that PCP remains an
uncommon yet important cause of life-threatening infection
in cancer patients.

Among patients seen at our cancer center, the incidence of
PCP did not decrease between 1990 and 2003, which might
reflect the absence of major changes in both diagnostic
methods and prophylactic strategies against PCP at our
institution during the study period. Our finding of a higher
incidence of PCP among patients with hematologic malig-

Table 2 Predictors of death due to Pneumocystis jiroveci pneumonia (PCP) in 76 patients for whom outcome data were available

Potential predictor Patients who died of
PCP (n=26)

Patients who survived
PCP (n=50)

p value Hazard ratio
(95%CI)

Univariate
analysis

Multivariate
analysis

Median age in years (range) 50 (19–81) 47 (17–78) 0.02 NS
HSCT 10/26 (38%) 11/50 (22%) NS
Infection within 180 days
of HSCT

5/9 (56%) 1/10 (10%) 0.06 NS

AIDS 3/21 (14%) 7/42 (17%) NS
Respiratory rate >24 breaths/mina 11/25 (44%) 8/50 (16%) 0.02 NS
Median APACHE II
score (range)a

16 (8–25) 12 (5–20%) 0.001 NS

ICU admission 22/26 (85%) 15/48 (31%) NS
Mechanical ventilation 22/22 (100%) 7/15 (47%) <0.001 0.001 28.92 (3.74–223.39)
Use of vasopressors 18/21 (86%) 3/15 (20%) <0.001 NS
Arterial pH level <7.33a 6/22 (27%) 0/39 (0%) 0.01 NS
Median LDH level
in IU/l (range)a

1,018 (434–47,810) 1,075 (201–15,878) 0.003 NS

Interstitial component 16/26 (62%) 42/50 (84%) 0.01 NS
Pneumothorax 4/26 (15%) 0/50 (0%) 0.01 NS
Comorbid condition 8/26 (31%) 13/50 (26%) 0.04 NS
Corticosteroidsb 20/26 (77%) 30/50 (60%) NS
Chemotherapy or
immunosuppressive drugsb

15/26 (58%) 31/50 (62%) NS

PCP treated with antimicrobial
therapy

24/26 (92%) 49/50 (98%) NS

CI confidence interval, HSCT hematopoietic stem cell transplantation, LDH serum lactate dehydrogenase, NS not significant
aAt diagnosis of infection
bWithin 1 month of PCP

386 Eur J Clin Microbiol Infect Dis (2006) 25:382–388



nancies might be due primarily to a higher net state of
immunosuppression caused by the underlying disease and the
intensity of chemotherapy in these patients. However, our
data support prior reports that a subset of patients with solid
tumors develop PCP [1, 9]. The most likely explanations are
the increasing use of high doses of systemic corticosteroids,
especially in patients with primary brain cancer or metastatic
cancer [1, 7], and the less common use of prophylaxis
against PCP in this patient population.

In our series, PCP was mainly a late complication of
HSCT, as previously described [16]. PCP has rarely been
reported in patients who underwent autologous HSCT [8,
16]. Interestingly, we found that almost half of the patients
who developed PCP after HSCT had undergone autologous
transplantation. This finding might result from the different
duration of PCP prophylaxis among recipients of allogeneic
and autologous stem cell transplants. In fact, in a report
from another transplant center where PCP prophylaxis was
continued for 1 year after HSCT in all HSCT recipients, no
cases of PCP in autologous transplant recipients were
reported over a 7-year period [16]. Our findings confirmed
many previous reports that corticosteroids are a major risk
factor for PCP, particularly among patients with solid
tumors [1, 3, 7, 17–19]. Our data also support the previous
finding that cytomegalovirus coinfection is common in
patients with PCP [5, 13]. We found that the late onset of
PCP in our HSCT patients was associated with receipt of
high doses of corticosteroids and with cytomegalovirus
coinfection. This subset of HSCT patients might benefit
from prolonged PCP prophylaxis until these risk factors
subside.

Almost one-fourth of PCP cases at our center were
unsuspected, indicating that a high level of suspicion is key
to the early diagnosis of this infection. We found that the
presence of nodular infiltrates on the initial radiographic
studies was associated with a low level of suspicion of PCP.
Previous studies have indicated that typical radiographic
features of PCP are bilateral interstitial infiltrates; pleural
effusions and pneumothorax are rarely observed [6, 20, 21].
According to our data, these last two radiographic findings
may actually occur not infrequently in HSCT patients.

We found that the diagnostic yield of cytologic exami-
nation of bronchoalveolar lavage specimens for P. jiroveci
was high, as previously reported in both AIDS and non-
AIDS patients [17, 22–25]. Before the AIDS era, invasive
procedures for diagnosing PCP were associated with a low
diagnostic yield (<65%) as well as considerable morbidity
and mortality [5].

PCP prophylaxis is commonly underutilized in cancer
patients [18]. The cancer patients who would benefit most
from preventive strategies against PCP have not been
characterized in prospective trials. On the basis of retro-
spective series, PCP prophylaxis should be administered to

cancer patients who are anticipated to require prolonged
systemic corticosteroid therapy [17, 19]. Guidelines for
PCP prophylaxis in this group of patients have been
recently proposed [19]. Extrapolating from prophylactic
strategies devised for AIDS patients, prophylaxis might be
beneficial. For example, in our series, patients had very low
CD4+ lymphocyte counts, and such decreased counts might
suggest a risk for PCP. In a recent study that evaluated non-
AIDS patients with PCP, most of whom had cancer, 91%
had CD4+ lymphocytes counts lower than 300 cells/mm3 at
the time of diagnosis [25].

Treatment of PCP has changed little since the 1970s
[9]. TMP-SMX has become the standard therapy in cancer
patients [1, 3, 9, 22, 26, 27, 28]. However, the current
treatment of PCP in cancer patients is suboptimal,
particularly among those with hematologic malignancies
[18]. The echinocandins are novel broad-spectrum anti-
fungal agents that inhibit the β-(1,3)-glucan synthesis, an
action that damages fungal cell walls [29]. In animal
models, these agents are active against the cystic form of
P. jiroveci [30–32]. Caspofungin, an echinocandin, was
used in combination with TMP-SMX in a very small
number of patients in our series. As a result, the role of
echinocandins in cancer patients with PCP remains
unclear. It has been suggested that 2 weeks of antimicro-
bial therapy against PCP is sufficient for the majority of
cancer patients [3, 9]. In our series, however, 3 weeks of
treatment was associated with a better outcome.

The mortality rate from PCP in our series was high
(34%), and the rate was apparently higher among patients
who had undergone HSCT. Mortality rates have been
reported to be as high as 50% in HSCT recipients [16].
Recent data have shown that the mortality associated with
PCP in AIDS patients has declined markedly and steadily
over the last decade [33], whereas the mortality rate
associated with PCP in patients with cancer has remained
unaltered over the last four decades [8].

In conclusion, the type of cancer and the history of
HSCT may modify the clinical presentation of PCP
infection in cancer patients. PCP remains a rare yet
important cause of life-threatening infection in cancer
patients. Several risk factors associated with fatal out-
come in cancer patients with PCP have been identified.
A high index of suspicion, identification of patients at
high risk, and early therapy are required to improve the
morbidity and mortality associated with this infection in
cancer patients.
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