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Abstract

Background The clinical features of pneumocystis pneumonia (PCP) differ according to the predisposing
factors responsible for immunosuppression. Although PCP in patients with acquired immunodeficiency syn-
drome (AIDS) has been extensively described, its characteristics in non-AIDS patients, such as those with
malignancies, are not thoroughly documented.

Study objective To characterize and compare the clinical and imaging features of PCP in patients with ma-
lignancies with those in AIDS patients.

Design A multi-center retrospective study.

Patients and Measurements We evaluated the clinical and radiological features of PCP in 21 patients with
malignancies and in 17 with AIDS. Clinical presentation, serum markers, oxygenation, CT findings, and out-
come were examined.

Results The patients with malignancies showed shorter durations of symptoms before PCP was diagnosed.
The levels of serum markers and the oxygenation index did not differ. CT showed diffuse or widespread
ground-glass opacity (GGO) in all of the patients evaluated. None of the AIDS patients demonstrated consoli-
dation, whereas half of the patients with malignancy showed consolidation along with GGO. The extent of
GGO scored on CT images was significantly greater in the AIDS patients. No correlation was observed be-
tween the CT findings and other clinical parameters. All of the AIDS patients recovered from PCP, whereas
six patients with malignancies died within a month after the onset of PCP.

Conclusion The characteristics of the CT images differed between the patient groups with different under-
lying disorders, although it remains to be determined whether CT findings are associated with other clinical
features or are predictive of the outcome of PCP.

Key words: pneumocystis pneumonia, computed tomography, ground-glass opacity, malignancy, acquired im-
munodeficiency syndrome
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Introduction

Pneumocystis pneumonia (PCP) remains one of the most
frequent and serious opportunistic infections in immunocom-
promised patients, including those infected with the human
immunodeficiency virus (HIV) (1). PCP can also occur in
patients with malignant disease, especially when they have
been under treatment with anti-neoplasmic agents, corti-
costeroid and other immunosuppressive agents.

The clinical characteristics of PCP are known to vary ac-
cording to the underlying disorders responsible for immuno-
suppression (2). In particular, the differences in the clinical
course of PCP between HIV-infected and HIV-negative pa-
tients have been described (2-4). At presentation, the latter
reveal a shorter duration of symptoms and more severe oxy-
genation impairment compared with the former (2). The
prognosis of PCP also differs between HIV-negative pa-
tients, only 40-70% of whom survive, and HIV-infected pa-
tients, who have survival rates as high as 90% (2). Among
HIV-negative patients, the prognosis of those with cancer
was reported to be the worst (3, 4). It was previously re-
ported that PCP in HIV-infected patients is characterized by
greater numbers of organisms and fewer inflammatory cells
in the bronchoalveolar lavage fluid samples than in other
immunocompromised patients (5). It was hypothesized that,
in HIV-negative patients, even fewer organisms were able to
induce severe lung inflammation, leading to respiratory im-
pairment, and high rates of complications and death, al-
though other factors may account for the difference (5).

The radiographic features of pneumocystis pneumonia are
typically bilateral perihilar interstitial infiltrates that become
increasingly diffuse and homogeneous as the disease pro-
gresses (6). High-resolution computed tomography (HRCT),
which is more sensitive than chest radiography, usually re-
veals extensive ground-glass opacity (GGO) and sometimes
cystic lesions (7). Few studies have investigated whether or
not HRCT findings differ between HIV-infected and HIV-
negative patients. We previously conducted a retrospective
multicenter study and compared the clinical and radiological
features of PCP in patients with rheumatoid arthritis (RA)
and in those with acquired immunodeficiency syndrome
(AIDS) (8). We found that, in patients with RA, PCP oc-
curred without severe immunosuppression and showed more
intense inflammation than in AIDS patients (8). In radiologi-
cal analysis using HRCT, patients with RA did not reveal a
single predominant pattern, whereas AIDS patients with
PCP predominantly showed diffuse GGO without interlobu-
lar septal boundaries (8).

The primary goal of the present study was to evaluate the
clinical and radiological characteristics of PCP in patients
with malignancy in comparison with those in patients with

AIDS. We retrospectively evaluated the clinical presentation,
serum markers, oxygenation, radiological findings using
HRCT, and outcome in patients with PCP.

Methods

The study protocol was approved by the ethical commit-
tees of all of the participating centers.

Patients

Twenty-one patients, in whom PCP appeared as a compli-
cation during treatment for malignancy, were identified from
August 1998 to September 2008 at 7 participating centers in
Japan by practicing pulmonologists. For comparison, 17
cases of PCP in patients with AIDS were randomly selected
at two AIDS centers in Tokyo from July 2003 to September
2008. All of these cases were enrolled in the study after
confirming that sufficient clinical information and imaging
materials had been obtained before the initiation of defini-
tive treatment for pulmonary events.

A diagnosis of PCP was made when the patient had
symptoms such as fever, cough and progressive dyspnea, as-
sociated with bilateral infiltrates on chest radiography, and
when either of the following criteria was satisfied; a) detec-
tion of P jirovecii by staining (Grocott-Gomori
methenamine stain or Calcofluor white stain) in a respira-
tory specimen or b) both positive PCR for P. jirovecii in a
respiratory specimen and elevated (1—3)-B-D-glucan (B-D-
glucan) in serum. The cut-off level of (B-D-glucan was set
at 31.1 pg/mL according to our previous data (9). Cy-
tomegalovirus (CMV) infection was examined with anti-
genemia method or polymerase chain reaction of serum or a
respiratory specimen. In cases where CMV was markedly
positive, CMV pneumonia was ruled out with reference to
response to anti-CMV treatment, such as ganciclovir.

The most common category of underlying malignancy of
the 21 HIV-negative patients was hematological malignancy
(n=16), comprising non-Hodgkin lymphoma (n=7), acute
lymphoblastic leukemia (n=4), chronic myelogenous leuke-
mia (n=1), chronic lymphoblastic leukemia (n=1), myelodys-
plastic syndrome (n=1), Hodgkin’s lymphoma (n=1), and
multiple myeloma (n=1). Other underlying diseases included
lung cancer (n=3), brain tumor (n=1), and esophageal carci-
noma (n=1). Most of these patients with malignancy were
immunocompromised as a result of preceding antineoplastic
or corticosteroid therapy. None of the patients with malig-
nancy were under prophylaxis against PCP. Since the pa-
tients with malignancy had undergone CT, pulmonary inva-
sion of malignant cells was ruled out by comparison of CT
appearance with previous findings.

None of the patients with AIDS had been diagnosed as
HIV-positive until the episode of PCP. As the underlying
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pulmonary disease, pulmonary emphysema was seen in 4
patients with AIDS and in 2 with malignancy, and one pa-
tient with malignancy had unclassifiable interstitial pneumo-
nia on HRCT.

Data collection

We reviewed the medical records of all the patients and
evaluated the clinical data at the time when the PCP was
first recognized, as well as the clinical course and its out-
come. In the sera, the levels of albumin, immunoglobulin G
(IgG), sialylated carbohydrate antigen KL-6 (KL-6), lactate
dehydrogenase (LDH), C-reactive protein (CRP), and (B-D-
glucan were examined. The counts of white blood cells
(WBC) and lymphocytes in peripheral blood were also
evaluated. The oxygenation index was determined from the
arterial oxygen tension and inspiratory oxygen concentration
values.

Radiological analysis

Inspiratory CT images were obtained with the patient in
the supine position. The imaging technique varied between
cases; however, contiguous slices of 1- to 5-mm thickness
were taken from the pulmonary apex to the base, with or
without contrast enhancement. In all cases, HRCT images
collimated from 0.75- to 3-mm slices that were obtained at
selected levels were also available. Radiological checkpoints
included GGO, consolidation, thickening of the bronchial
wall, centrilobular nodules, thickening of the interlobular
septa, intralobular reticular opacity, subpleural curvilinear
opacity, traction bronchiectasis, pleural effusion, and cyst
formation (10).

The CT images of the chest were independently reviewed
by two experienced radiologists (F.S, T.J.). When there were
conflicting interpretations, the case was discussed and a fi-
nal consensus was reached. The CT appearances were cate-
gorized into three patterns: a) diffuse GGO distributed in a
panlobular manner, that is, GGO was sharply demarcated
from the adjacent normal lung by interlobular septa (pattern
A) (Fig. 1), b) diffuse GGO with inhomogeneous distribu-
tion unrelated to secondary lobules (pattern B) (Fig. 2A,
Fig. 2B), and c) consolidation with GGO (pattern C)
(Fig. 3). The occurrence of each pattern was assessed in
each group.

The extent of GGO and consolidation was scored to the
nearest 10% in six zones in the lungs; right upper lobe,
right middle lobe, right lower lobe, upper portion of left up-
per lobe, lingular portion of left upper lobe, and left lower
lobe (11). For the purposes of this study, the extent of GGO
was calculated as the sum of the extent of GGO, as scored
by two observers in each of the six zones. Interobserver
variability was evaluated and determined to be satisfactory
for consistency in visual scoring.

The relationship of CT features and other clinical parame-
ters (age, sex, oxygenation impairment, blood counts, and
serum markers) was analyzed subjectively.

Figure 1. Ground-glass opacity (GGO) seen in a 58-year-
old woman with non-Hodgkin lymphoma. She had received
methotrexate for RA for 4 years. HRCT indicates GGO
sharply demarcated from the adjacent normal lung by inter-

lobular septa (type A).

Statistical methods

Data are presented as median scores with the interquartile
range in parentheses. Differences in variables between the
patients with malignancy and those with AIDS were com-
pared by the non-parametric Mann-Whitney’s U-test. The
relationships between variables were analyzed by the Spear-
man rank-order correlation test. Statistical significance was
defined as p<0.05.

Results

Patient characteristics

The background characteristics and clinical presentation
of the patients evaluated are shown in Table 1. The age of
the patients was not statistically different between the pa-
tients with malignancy and those with AIDS. There were no
female patients in the HIV-infected group.

Clinical presentation

The predominant symptoms were dyspnea and fever re-
gardless of the patient background. These symptoms pre-
ceded the diagnosis of the PCP by 4 days in the malignancy
group, and by 14 days in the AIDS group. It was observed
that PCP progressed more rapidly in the patients with malig-
nancies (p<0.01).

Serum markers

We compared the levels of serum markers between the
patients with malignancies and those with AIDS (Table 1).
In the latter, the serum albumin level was significantly lower
than in those with malignancies (p<0.001). Humoral immu-
nity was evaluated in terms of the serum IgG level. The pa-
tients with malignancies showed significantly lower levels of
IgG than those with AIDS (p<0.001). Serum levels of KL-6,
LDH, CRP, and (B-D-glucan were elevated in most patients
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Figure 2.

(A) HRCT appearance in a 76-year-old man with esophageal cancer, revealing diffuse

ground-glass opacity (GGO) with inhomogeneous distribution unrelated to secondary lobules. (B)
GGO seen in a 30-year-old male patient with AIDS. HRCT shows diffuse GGO with inhomogene-
ous distribution unrelated to secondary lobules and with spared peripheral lung parenchyma.

Figure 3. HRCT images of a 60-year-old woman with non-
Hodgkin lymphoma, showing consolidation along the bron-
chovascular bundle, structural distortion, and thickening of

the interlobular septal lines.

with PCP, but not significantly different between the patients
with malignancy and those with AIDS.

Blood counts

The peripheral WBC and lymphocyte counts are shown in
Table 1. WBC counts were within the normal range in most
patients. No significant differences were observed in WBC
and lymphocyte counts between the patients with malignan-
cies and those with AIDS.

In patients with AIDS, CD4" lymphocyte counts were as
low as 51 + 9/mm’, but they were not measured in the HIV
negative group.

Oxygenation index

The median oxygenation index was lower than 300
mmHg in both patient groups. There was no difference in
the oxygenation index between the patients with malignan-
cies and those with AIDS. Ten patients with malignancies
and 8 patients with AIDS needed oxygen supplementation.
Mechanical ventilation was necessary in two patients with

malignancies but in not in any of the AIDS patients.
Radiological features

All of the patients showed diffuse bilateral infiltrates on
chest radiography, which, by itself, was neither specific nor
pathognomonic for the background of the patients. Through
the analysis of CT images, we found three patterns of opaci-
ties, as mentioned above. The occurrence rates of these three
patterns in each patient group are shown in Table 2. Pattern
A was observed only in a patient with non-Hodgkin lym-
phoma complicated by RA. This is compatible with our pre-
vious finding that pattern A was observed frequently in PCP
cases with RA (8). In the patients with malignancy, patterns
B (Fig. 2A) and C (Fig. 3) were observed in 10 patients
each. On the other hand, all of the AIDS patients showed
pattern B (Fig. 2B). In some of the patients with malig-
nancy, sequential CT assessment was conducted, which re-
vealed consolidation that rapidly emerged over GGO
(Fig. 4A, Fig. 4B).

The extent of GGO on CT images was scored to the near-
est 10% in six zones in the lungs and summed up. As
shown in Fig. 5, the extent of GGO was significantly greater
in the patients with AIDS than in those with malignancy (p<
0.05). In contrast, none of the patients with AIDS showed
consolidation, whereas 8 out of 21 patients with malignan-
cies revealed significant consolidation.

The characteristics of CT appearance are summarized in
Table 2. Consolidation along the bronchovascular bundle
(Fig. 3) was observed more frequently in the patients with
malignancy than in those with AIDS (p<0.02). Transverse
parenchymatous bands, which are distributed 2-3 cm from
the chest wall and cross the bronchovascular bundle (Fig. 6),
the centrilobular nodules (Fig. 7), and thickened interlobular
septal lines (Fig. 3) were also observed more often in pa-
tients with malignancy than in those with AIDS. By con-
trast, the peripheral sparing of GGO occurred less often in
patients with malignancy than in those with AIDS (Fig. 2B).
Cyst formation occurred with similar frequencies in both pa-
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Table 1. Patient Characteristics and Clinical Presentation
Malignancy AIDS
(n=21) (n=17) p value
Age, yr 51 (37-64) 40 (29-47) 0.062"
Male/female 13/8 17/0 0.004"
Clinical presentation
dyspnea 18 14
fever 18 12
general fatigue 4 3
cough 5 6
abdominal pain/diarrhea 1 5
Duration of symptoms, days 4(2-8) 14 (4 - 28) 0.007"
Biochemistry
Albumin, g/dL 3.3(3.0-3.5) 2.5 (2.2-3.0) <0.001
IgG, mg/dL 752 (425-988) 2,094 (1,694-2,358) <0.001
KL-6, U/mL 889 (705-1,379) 1,060 (673-1,843) 0.749
LDH, IU/L 436 (297-598) 451 (327-620) 0.523
CRP, mg/dL 5.9 (2.8-13.2) 3.7 (1.6-8.1) 0.223
B-D-glucan, pg/mL 161 (74-254) 172 (76-301) 0.717
Blood count
WBC, x10°/mm°® 7.74 (5.10-10.0) 5.65 (4.75-8.29)  0.272
Lymphocyte, /mm® 704 (180-1034) 645 (510-966)  0.438
Pa0,/FI0,, mmHg 269 (213-290) 291 (229-338) 0.504

Data are presented as median scores with the interquartile range in parentheses.

*: Mann-Whitney’s U-test, T: chi-square test

tient groups.

Correlation between CT findings and other parame-
ters

The correlation between the extent of GGO or consolida-
tion and other clinical parameters, including serum markers
and the oxygenation index, was evaluated. No significant
correlation was observed between the CT findings and other
clinical parameters (data not shown).

Treatment and patient outcome

After the diagnosis of PCP was made, all patients were
treated with trimethoprim-sulfamethoxazole (TMP-SMX).
Side effects of TMP-SMX were observed in 5 patients with
malignancies and in 11 patients with AIDS. In the patients
with AIDS, drug allergy was the most frequent side effect,
whereas none of the patients with malignancy had any drug
allergy. In 3 patients with malignancies and 11 patients with
AIDS, it was necessary to replace TMP-SMX with pen-
tamidine isethionate. Adjunctive corticosteroids were given
to all patients with malignancies and to 15 patients with
AIDS. Eleven patients with malignancies and 7 patients with
AIDS received pulse-steroid therapy using methyl-

prednisolone 500-1,000 mg/day.

All of the patients with AIDS recovered from PCP,
whereas 6 patients with malignancies died within a month
after the onset of PCP. Among the 6 deceased patients, two
showed significant improvement of PCP. The cause of death
included multiple organ failure, myocardial infarction, gas-
trointestinal tract bleeding, enlargement of brain metastasis,
and respiratory failure due to either PCP or drug-induced
pneumonitis.

In the patients with malignancy, 11, including the 6 men-
tioned above, suffered an in-hospital death. PCP could not
be ruled out as a cause of the death in one patient. In other
words, at least 10 patients avoided death due to PCP once,
suggesting that, even in a patient with malignancy, early di-
agnosis and treatment for PCP appears to be important.

Discussion

The clinical features of PCP are known to differ accord-
ing to the predisposing factors responsible for immunosup-
pression (1, 3). For example, PCP in patients with AIDS is
characterized by greater numbers of organisms but good
prognosis (3). In contrast, PCP in patients with malignancy
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Table 2. Occurrence of Image Patterns and Characteristic Findings on CT

Malignancy AIDS
(n=21) (n=17) p value'

Image patterns

Type A 17 (5%) 0 (0%)

Type B 10 (48%) 17 (100%) <0.01

Type C 10 (48%) 0 (0%)
Characteristic findings

Consolidation along the 9 (43%) 1 (5%) <0.02

bronchovascular bundle

Transverse parenchymatous band 8 (38%) 3 (18%) 0.17

Subpleural curvilinear opacity 1 (5%) 1 (5%) 0.88

Peripheral sparing of GGO 7 (33%) 10 (59%) 0.12

Centrilobular nodules 5 (24%) 1 (5%) 0.13

Septal line thickening 8 (38%) 2 (12%) 0.07

Intralobular reticular opacity 2 (10%) 3 (18%) 0.46

Cyst formation 3 (14%) 3 (18%) 0.78

Type A: sharply demarcated panlobular/multilobular GGO

Type B: diffuse GGO with inhomogeneous distribution unrelated to secondary

lobules
Type C: consolidation with GGO

": chi-square test

*: This case was complicated with rheumatoid arthritis.

has a poor outcome (3, 4, 12, 13). The radiological features
of PCP in AIDS patients have been extensively re-
ported (14-16), but those of PCP in HIV-negative patients
have not been reported in detail. Since we previously ob-
served that the CT patterns of PCP differ between the pa-
tients with AIDS and those with RA (8), we hypothesized
that CT appearance might vary between patients with differ-
ent backgrounds.

In the present study, we compared the CT appearance and
other clinical parameters between patients with malignancy
and those with AIDS. The major findings included differ-
ences in CT patterns between the two patient groups. In the
patients with malignancy, diffuse GGO with inhomogeneous
distribution unrelated to secondary lobules (pattern B) and
consolidation with GGO (pattern C) were observed at simi-
lar percentages. By contrast, all of the patients with AIDS
presented pattern B (i.e., GGO without consolidation) on
CT, which is consistent with the result of our previous study
and with features previously reported (8, 16). To the best of
our knowledge, this is the first report that describes the dif-
ference in imaging features of PCP between patients with
malignancy and those with AIDS.

In about one half of the patients with malignancy, we ob-
served consolidation on CT, which could be rapidly devel-
oped over a few days as shown in Fig. 4A and Fig. 4B.
Limper and colleagues reported that PCP in patients without

AIDS is accompanied by greater neutrophil infiltration than
in PCP secondary to AIDS (5). Although there is no patho-
logical evidence of the difference of the CT findings, we
speculated that consolidation in HIV-negative patients could
be associated with severe inflammation of the lung. We con-
sidered that another possible mechanism of the development
of consolidation is a mixed infection of P. jirovecii and an-
other pathogen, although it was not bacteriologically proven.

PCP in patients with malignancy was likely to show less
GGO but a wide range of other findings, such as consolida-
tion along the bronchovascular bundle, centrilobular nodules,
and thickening of interlobular septal lines. Transverse paren-
chymatous bands were seen in both patients with AIDS and
those with malignancy, although it remains to be determined
whether the bands have any pathological significance. Nodu-
lar lesions were observed in 5 patients with malignancy but
in only 1 with AIDS. Otahbachi and colleagues reviewed 19
non-AIDS patients with granulomatous PCP who often
showed nodular infiltrates on chest X-ray (17). We consid-
ered that the nodular lesions observed could represent
granuloma formation during PCP especially in HIV-negative
patients.

In this study, cystic lesions were observed in similar per-
centages for both patient groups, whereas it has been de-
scribed that cyst formation is a characteristic CT finding of
PCP in AIDS patients (18). In addition, the percentage of
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Figure 4. HRCT images of a 64-year-old man with non-Hodgkin lymphoma. (A) On the day of

onset, HRCT shows diffuse GGO with inhomogeneous distribution. PCP was diagnosed through

positive PCR in induced sputum and the serum -D-glucan level elevated as high as 64.7 pg/mL.
(B) Three days later, consolidation in addition to GGO was observed.

p<0.05
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Figure 5. Extent of GGO on HRCT images. The extent of
GGO was scored to the nearest 10% in six zones in the lungs
and summed up. The box-whisker plots show the 25th and
75th percentiles, the median (horizontal line within the box),
and the 10th and 90th percentiles (whiskers). The extent of
GGO was significantly greater in the patients with AIDS
than in those with malignancy (p<0.05).

the AIDS patients with cyst formation was lower than in
previous reports (18, 19). We speculated that these discrep-
ancies might be because HRCT was conducted at an earlier
time point in our patients with AIDS. In this study, none of
the patients with AIDS had been diagnosed as HIV-positive
until the episode of PCP, and HRCT was performed imme-
diately after the first visit in most cases. Fujii and col-
leagues reported that cyst formation was observed in 21% of
the HIV-positive patients with PCP (16), which is compara-
ble to the current observation. The earlier conduct of HRCT
might be associated with the lower percentage of cyst for-
mation, leading to the lack of difference between the two
groups.

At presentation, the patients with malignancy had a

shorter duration of symptoms than those with AIDS, which
is compatible with a previous report (3). This difference in
the disease progression might be associated with severe in-
flammation during PCP in HIV-negative patients. Oxygena-
tion, however, did not differ between the two patient groups,
although better oxygenation has been reported in AIDS pa-
tients with PCP (3, 5). There was no inter-group difference
between the serum levels of LDH and KL-6, an indicator of
pulmonary epithelial damage (9, 20). We considered that
these absences of difference might have been due to the va-
riety of the underlying disorders and concomitant treatment.

B-D-glucan is one of the major components of the yeast
cell wall and its level in serum is known as a reliable indi-
cator for detecting P. jirovecii infection (9). Since PCP in
HIV-negative patients is reported to be characterized by a
lower organism burden, a lower B-D-glucan level had been
anticipated in the HIV-negative patients. However, there was
no significant difference in the serum levels of B-D-glucan
between the patient groups with different backgrounds. In
addition, no correlation was seen between the -D-glucan
level and the CT findings. Since the number of P. jirovecii
was not quantitatively assessed, it also remains unclear
whether or not the B-D-glucan level reflects the organism
burden in the lung.

With the recent advances in anti-malignancy treatment, a
growing number of patients receive anti-cancer chemother-
apy and other immunosuppressive agents, which may result
in placing an increasing number of patients at risk of
PCP (21). Even in a patient with far advanced malignancy,
PCP is usually a treatable disease. The role of HRCT evalu-
ation in early diagnosis and outcome prediction should be
evaluated in future investigations with a larger number of
patients.
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Figure 6. HRCT appearance in a 58-year-old man with
non-Hodgkin lymphoma. In addition to GGO, transverse pa-
renchymatous bands, which cross the bronchovascular bun-
dle, can be seen 2-3 cm from the chest wall.

Conclusions

We investigated the CT findings of 38 cases of PCP, com-
paring 21 with malignancy with 17 with AIDS. The patients
with malignancy tended to have symptoms of shorter dura-
tion, although no significant differences were observed in
oxygenation or in the levels of serum markers. In all of the
PCP patients examined, chest CT showed GGO, but its ex-
tent was significantly greater in the patients with AIDS than

DOI: 10.2169/internalmedicine.49.2871

Figure 7. HRCT appearance in a 42-year-old female pa-
tient with acute lymphoblastic leukemia, showing diffuse
GGO with inhomogeneous distribution unrelated to secon-
dary lobules and centrilobular nodules.

in those with malignancy. Whereas airspace consolidation
was observed in about the half of the patients with malig-
nancy, none of those with AIDS showed significant consoli-
dation. Despite these differences, it still remains to be deter-
mined whether CT findings are associated with other clinical
indicators or are predictive of outcome in patients with PCP.
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