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Abstract Background. Pneumocystis carinii pneumo-
nia remains a common cause of serious morbidity and
mortality in patients with the acquired immunodeficiency
syndrome (AIDS). The extensive lung injury that accom-
panies pneumocystis-associated respiratory failure and
the reports of clinical benefit from the use of adjunctive
corticosteroids provided the rationale for this prospective
multicenter trial.

Methods. A total of 333 patients with AIDS and pneu-
mocystis pneumonia received standard treatment and
were randomly assigned to receive either corticosteroids
(beginning with the equivalent of 40 mg of prednisone
twice daily) or no additional therapy. The primary end
points in this unblinded trial were the occurrence of respi-
ratory failure (hypoxemia ratio [partial pressure of arterial
oxygen divided by fraction of inspired oxygen] <75, intu-
bation, or death), death, and dose-limiting toxicity of the
initial standard therapy.

Results. Of the patients with confirmed or presumed
pneumocystis pneumonia (n = 225 and n = 26, respec-
tively), those assigned to treatment with corticosteroids

NEUMOCYSTIS CARINII pneumonia remains a

common cause of serious morbidity and mortality
in patients with the acquired immunodeficiency syn-
drome (AIDS)."® The extensive lung injury found in
patients with respiratory failure due to pneumocystis
preumonia and the antiinflammatory actions of corti-
costeroids provide a rationale for evaluating the effica-
cy of adjunctive treatment with corticosteroids.”'®
Clinical evidence in patients who do not have AIDS
suggests that although corticosteroids increase the
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had a lower cumulative risk at 31 days of respiratory failure
(0.14 vs. 0.30, P = 0.004) and of death (0.11 vs. 0.23,
P = 0.009), as well as a lower risk of death within 84 days
(0.16 vs. 0.26, P = 0.026). The frequency of dose-limiting
toxicity of the standard therapy was similar in the two treat-
ment groups. Intention-to-treat analyses of the entire co-
hort confirmed these findings. Clinical benefit could not be
demonstrated, however, for patients with mild disease (hy-
poxemia ratio, >350), equivalent to a partial pressure of
oxygen >75 torr on room air. The patients assigned to
corticosteroid treatment had an excess of localized her-
petic lesions (26 percent vs. 15 percent, P = 0.04) but not
of other infections or of neoplasms.

Conclusions. Early adjunctive treatment with cortico-
steroids reduces the risks of respiratory failure and death
in patients with AIDS and moderate-to-severe pneumo-
cystis pneumonia. Because the adverse effects are few,
corticosteroids should be included as part of the initial
treatment for persons with AIDS who have moderate-to-
severe pneumocystis pneumonia. (N Engl J Med 1990;
323:1451-7.)

vulnerability to pneumocystis pneumonia, they may
reduce the symptoms of infection.'”'® In patients with
AIDS and pneumocystis pneumonia, reports have
suggested that adjunctive treatment with corticoster-
oids can reduce signs and symptoms, improve lung
function, and increase tolerance for antipneumocystis
therapy.'®?’

Although physiologic benefit from adjunctive treat-
ment with corticosteroids has been documented, pro-
spective studies must establish improvement in clini-
cal outcomes, particularly given the concern that
corticosteroids may result in the exacerbation or de-
velopment of opportunistic conditions.?3' We con-
ducted a multicenter, randomized, controlled trial of
the use of early adjunctive corticosteroids in patients
with human immunodeficiency virus (HIV) infection
and pneumocystis pneumonia.

METHODS
Patient Selection

The patients had received fewer than 36 hours of therapy for
HIV-related pneumocystis pneumonia that was either presumed or
confirmed. Patients were excluded from the study if they were under
18 years of age or had a documented intolerance to corticosteroids.
They were also excluded if they were receiving mechanical ventila-
tion or had a hypoxemia ratio of less than 75. The hypoxemia ratio
was calculated as the partial pressure of arterial oxygen divided by
the fraction of inspired oxygen. All the patients gave written in-
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formed consent before enrollment. The protocol and consent forms
were reviewed and approved by the institutional review boards at
each institution.

Study Design

This was a randomized, nonblinded clinical trial. The patients
were stratified according to center, initial form of antipneumocystis
therapy, and severity of illness, as indicated by their initial hypoxe-
mia ratio. The severity strata were defined as follows: stratum 1,
mild (hypoxemia ratio, >350); stratum 2, moderate (hypoxemia
ratio, >250 and =<350); and stratum 3, severe (hypoxemia ratio,
=250 but >75). The randomization was prepared centrally, with
blocks of four patients per stratum and a 1:1 proportion; it was
carried out by means of sealed envelopes at the study sites.

The patients were treated with the form of standard therapy
selected by their primary physicians. The acceptable standard
treatments were oral or parenteral trimethoprim—sulfamethoxazole
(15 to 20 mg of the trimethoprim component per kilogram of body
weight per day), parenteral pentamidine (3 to 4 mg per kilogram
per day), or oral dapsone (100 mg per day) plus trimethoprim (15 to
20 mg per kilogram per day). The patients randomly assigned to
corticosteroid treatment received prednisone (40 mg twice a day for
five days, followed by 40 mg daily for five days, followed by 20 mg
daily for the duration of antipneumocystis therapy). Patients un-
able to take oral medication received parenteral methylprednisolone
(75 percent of the respective prednisone doses). Patients considered
by their physicians to have had no response or to have had intol-
erance to the initial therapy could be switched to another form
of standard therapy. Patients in whom respiratory failure devel-
oped could receive corticosteroids on the orders of their primary
physicians.

Patients were classified as negative for the disease if no P. carinii
was found when adequate specimens obtained at bronchoscopy
were examined by standard techniques. Patients who did not under-
go these procedures or for whom the diagnosis was not confirmed by
examination of sputum were classified as having presumed disease.
Patients for whom there was morphologic confirmation of the diag-
nosis according to the standard criteria used by the pathologists
at each participating center were classified as having confirmed
disease.

Assessments and End Points

The patients were evaluated at base line and on study days 3, 6,
10, 14, 21, and 84 for the presence of fever (temperature, >38°C
[100.5°F]), respiratory symptoms, the occurrence and progression
of other disease, and untoward effects of drug treatment. The labo-
ratory evaluation included a random determination of the base-line
cortisol level, serial measurements of arterial blood gases, and com-
plete blood counts.

The primary end point of the study was respiratory failure, which
was defined as being indicated by death, the institution of mechani-
cal ventilation, or a hypoxemia ratio of less than 75 at a scheduled
evaluation (equivalent to a partial pressure of arterial oxygen of less
than 60 torr, with a mask delivering 80 percent oxygen). The sec-
ondary end points were death and toxicity from antipneumocystis
therapy sufficient to necessitate the termination of treatment.

Statistical Analysis

The calculation of sample size called for a total of 240 patients
with confirmed pneumocystis pneumonia, in order to permit the
detection of a reduction in the risk of an unfavorable outcome from
30 percent to 15 percent, with a beta error of 0.20 and a two-tailed
alpha error of 0.05. We estimated that 340 patients would be needed
to ensure the recruitment of 240 patients with confirmed disease.

The treatment groups were compared by the chi-square test, the
t-test, or the Mann—Whitney statistic, as appropriate. The Mantel—
Haenszel procedure was used as appropriate to adjust for center.%
Survival curves were produced by the Kaplan-Meier product-limit
method, and the risks of unfavorable outcomes were compared by
the Wilcoxon test.®® Univariate Cox models were used to derive
estimated relative hazards for the survival data.’* The effects of
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base-line covariates on the risks of unfavorable outcomes were de-
termined by fitting Cox proportional-hazards models.? Significant
predictors were identified by an examination of the global chi-
square of the log-likelihood ratios in a series of models. The occur-
rence of symptoms and signs was evaluated by comparing the pro-
portions of observations during which the sign or symptom was
present in each treatment group. Distance-weighted least-squares
smoothing was used to estimate the risk of an unfavorable outcome
across arange of partial pressures of oxygen as measured at presen-
tation.

RESULTS
Subjects

Between June 17, 1987, and June 16, 1989, 333 pa-
tients were entered in the randomized trial. Five pa-
tients did not meet the criteria for entry into the study
because they already had respiratory failure. Seventy-
seven were classified as negative for pneumocystis
pneumonia, and 26 were classified as having pre-
sumed disease. Of these 26, 13 (50 percent) had respi-
ratory failure before bronchoscopy could be per-
formed, and 11 of these 13 (85 percent) subsequently
died. The remaining 225 patients had confirmed
pneumocystis pneumonia.

The most clinically relevant group of enrollees ex-
cluded only the 82 patients who either did not meet
the entry criteria or were demonstrated to be negative
for pneumocystis pneumonia. Therefore, this report
focuses on the 251 patients with confirmed or pre-
sumed disease (225 and 26 patients, respectively). Of
these patients, 123 (49 percent) were assigned to re-
ceive standard therapy plus adjunctive corticosteroids
and 128 (51 percent) to receive standard treatment
alone. The base-line characteristics of the two treat-
ment groups were similar (Table 1). In the corticoster-
oid group, one (1 percent) and three (2 percent) pa-
tients were lost to follow-up after 21 and 84 days of the
study, respectively; in the standard-treatment group,
five (4 percent) and seven (6 percent) patients were
lost after the corresponding intervals.

Occurrence of Unfavorable Outcomes

Forty-one of the 251 patients (16 percent) died dur-
ing the acute episode of pneumocystis. One death was
due to sepsis with Staphylococcus aureus; the other 40
deaths were related to pneumocystis pneumonia. Sev-
en additional patients received mechanical ventila-
tion, and in seven more hypoxemia ratios of less than
75 were recorded at a scheduled evaluation, but the
patients were not intubated. Thus, respiratory failure
occurred in 55 of the 251 patients (22 percent). Thir-
ty-seven of these events (67 percent) took place during
the first four days on which the patient was studied.

The cumulative risks of respiratory failure on day
21 (the last scheduled evaluation of the acute episode)
were 0.13 and 0.28 in the corticosteroid and the stand-
ard-treatment groups, respectively (P = 0.004). The
cumulative risks of death were 0.09 and 0.18, respec-
tively (P = 0.024) (Fig. 1). The corresponding cumu-
lative risks at the time of the last pneumocystis-related
death on day 31 were 0.14 in the corticosteroid group
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Table 1. Base-Line Characteristics of 251 Patients with Pre-
sumed or Confirmed Pneumocystis Pneumonia, According to
Treatment-Group Assignment.

CHARACTERISTIC TREATMENT GrOUP*
CORTICOSTEROIDS ~ STANDARD THERAPY
No. of patients 123 128
Age (yr) 36+9 368
number (percent)

Treatment center

1 51 (41) 53 (41)

3 39 (32) 42 (33)

2,4-6 33 (27) 33 (26)
Stratum

1 28 (23) 34 (26)

2 60 (49) 61 (48)

3 35 (28) 33 (26)
Male sex 118 (97) 125 (98)
Homosexual behaviort 94 (85) 97 (88)
Intravenous drug uset 16 (15) 13 (12)
Race or ethnic groupt

White 84 (68) 85 (66)

Black 13 (11) 17 (13)

Hispanic 22 (18) 21 (16)
Previous AIDS-defining opportunistic

infections

Pneumocystis pneumonia 24 (20) 29 (23)

Kaposi’s sarcoma 19 (15) 12 (9)

Other 12 (10) 8 (6)
Zidovudine treatment§ 11 (16) 9 (14)
Symptoms 22+23 19+19
Duration (days)

Cough 114 (93) 119 (93)

Fever 113 (92) 113 (88)

Dyspnea at rest 84 (68) 85 (66)

Chest pain 45 (37) 53 (4D
Hemoglobin (g/liter) 11720 120+21
Leukocytes (X 10~%liter) 6.3+3.5 6.3+2.8
Platelets (X 10~%liter) 280+104 286+124
Cortisol (nmol/liter) 552+235 607+221
Hypoxemia ratio 295+78 308+77
Bronchoscopy 93 (76) 95 (74)
Hospitalization 116 (94) 125 (98)
Supplemental oxygen therapy 96 (78) 102 (80)
Initial therapy

Trimethoprim—sulfamethoxazole 98 (80) 103 (80)

Pentamidine 22 (18) 23 (18)

Dapsone/trimethoprim 32 2(2)

*Plus-minus values are means =SD. All other values are numbers of patients (percent).

*Data for this variable are based on studies of 110 patients in each treatment group.

$Because of missing information, data on race and ethnic group are based on 119 patients in
the corticosteroid group and 123 pati in the dard-therapy group.

§Data for this variable are based on studies of 67 patients in the corticosteroid group and 65

i in the dard-therapy group.

and 0.30 in the standard-treatment group for respira-
tory failure (P = 0.004) and 0.11 and 0.23, respective-
ly, for death (P = 0.009) (Fig. 1). The cumulative
risks of death on day 84 were 0.16 and 0.26, respec-
tively (P = 0.026).

The cumulative risk of dose-limiting toxicity from
antipneumocystis therapy after 21 days was 0.22 in the
corticosteroid group and 0.31 in the standard-treat-
ment group (P = 0.12). However, the median dura-
tion of therapy, which indicates both efficacy and tox-
icity, was longer in the corticosteroid group among the
201 patients (80 percent) initially treated with tri-
methoprim—sulfamethoxazole (20.5 vs. 14 days for the
standard-treatment group, P = 0.002). Sixty-nine of
98 such patients in the corticosteroid group (70 per-
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cent) completed at least 14 days of therapy, but only
56 of 103 patients in the standard-treatment group (54
percent) did so (P = 0.03).

In both treatment groups, the crude risk of an unfa-
vorable outcome was low for the patients in stratum 1,
who were less severely ill (Table 2). This risk and the
difference in risk between the two treatment groups
increased with increasing severity of disease (Table 2
and Fig. 2).

The patients taking corticosteroids had a lower risk
of respiratory failure and death in the subsidiary anal-
yses of all 333 patients enrolled (the intention-to-treat
analysis), of the 328 eligible patients, and of the
225 patients with confirmed pneumocystis pneumonia
(Table 3). Trends indicating a benefit from cortico-
steroids were also observed in each subgroup in an
analysis performed according to center and type of
initial antipneumocystis therapy.

Effect on Signs and Symptoms

The symptoms that were observed less often in the
corticosteroid group than in the standard-treatment
group included fever (34 percent vs. 49 percent,
P<0.001), cough (54 percent vs. 68 percent,
P<0.001), and dyspnea at rest (29 percent vs. 40 per-
cent, P = 0.01). Chest pain was present to a similar
extent in the two treatment groups (25 percent vs. 28
percent, P = 0.16). None of the recorded symptoms
were more frequent in the corticosteroid group.

Incidence of Other Conditions and Recurrence

After 84 days of study, there was a higher incidence
of focal reactivation of herpesviruses in the cortico-
steroid group (32 of 123 patients, or 26 percent) than
in the standard-treatment group (19 of 128 patients,
or 15 percent; P = 0.04) (Table 4). There was also a
trend toward an increase in the incidence of oral
thrush after 84 days (Table 4). The incidence of other
HIV-associated opportunistic conditions was similar
in both treatment groups after both 21 and 84 days of
follow-up (Table 4). The effect of corticosteroids on
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Figure 1. Cumulative Risk of an Unfavorable Outcome over a
Period of 31 Days.
The risk of respiratory failure (left panel) was 0.14 in the cortico-
steroid group (0) and 0.30 in the standard-treatment group ()
(P = 0.004). The risks of death (right panel) were 0.11 and 0.23,
respectively (P = 0.009).
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Table 2. Crude Risk of an Unfavorable Outcome after 31 Days of Follow-up, According

to Severity of Pneumocystis Pneumonia.
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There were confirmed relapses in
4 of 95 patients (4 percent) in the

CHARACTERISTIC* DISEASE STRATUM
1 (MiLD) 2 (MODERATE) 3 (SEVERE)

number (percent)
Patients
All 62 121 68
Standard therapy 34 (55) 61 (50) 33 (49)
Corticosteroids 28 (45) 60 (50) 35 (51)
Respiratory failure
Standard therapy 309 19 (31) 16 (48)
Corticosteroids 14) 7(12) 9 (26)
Relative risk (95% CI) 2.5 (0.2-69.0) 2.7 (1.3-5.6) 1.9 (1.0-3.6)
P value 0.38 0.01 0.05
Death
Standard therapy 13t 13 21) 14 (42)
Corticosteroids 0 (0) 6 (10) 7 (20)
Relative risk (95% CI) — 2.1 (0.9-5.1) 2.1 (1.0-4.5)
P value 0.55 0.09 0.05

corticosteroid group and in 4 of 83
patients (5 percent) in the stand-
ard-treatment group (P = 0.54),
whereas there were unconfirmed re-
lapses in 5 patients (5 percent) and
251 3 patients (4 percent), respectively

ALL

:gg 8;; (P =0.80) — a total of nine re-
lapses (9 percent) and seven re-
38 (30) lapses (8 percent) in the respective
17 (14) groups (P = 0.79).
2.3 (1.4-3.6)
0.001 Multivariate Analysis
28 22 The effect of corticosteroids in
13 Ell; relation to other prognostic factors
2.2(1.2-3.9) was examined with multivariate
0.01

Cox proportional-hazards model-

*Cl denotes confidence interval.

ing. The significant independent

tThis death was attributed to Staphylococcus aureus sepsis; all other deaths were
Ppneumocystis pneumonia.

the severity of preexisting conditions was not meas-
ured systematically.

Information on the use of maintenance therapy and
the rate of recurrence of pneumocystis pneumo-
nia after 84 days was available for 178 of the 210 pa-
tients who survived the acute episode (85 percent).
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Figure 2. Probability of Death from Respiratory Causes, Accord-
ing to Initial Hypoxemia Ratio.
No deaths from respiratory causes occurred in the patients with
hypoxemia ratios above 319 in the corticosteroid group (heavy
line) or those with ratios above 342 in the standard-treatment
group (light line), but the mathematical function used to smooth
the data predicts that at hypoxemia ratios above these levels,
some deaths might be expected in a larger sample. For an expla-
nation of the calculation of the hypoxemia ratio, see Methods.

predictors of respiratory failure
were lower hypoxemia ratios at en-
try and random assignment to
standard treatment alone. These variables and enroll-
ment at center 3 were significant independent predic-
tors of death during the acute episode. Covariates that
were not independently predictive of either outcome
included age, risk group, race, history of pneumocys-
tis pneumonia, symptom duration, type of initial pri-
mary treatment, presence of other opportunistic or
bacterial infection, and initial concentrations of hemo-
globin and cortisol.

Effect on Pulmonary Function

The mean hypoxemia ratio on day 3 of the study
declined by 41 in the standard-treatment group but
increased by 4 in the corticosteroid group (P = 0.01)
(Fig. 3). Thereafter, oxygenation was improved in
both groups, with consistently more improvement in
the corticosteroid group. The mean change from base
line over the 21 days of observation was an increase of
66 in the corticosteroid group and of 17 in the stand-
ard-treatment group (P<<0.001).

Treatment of Respiratory Failure

Among the patients whose hypoxemia ratio de-
clined to less than 75, mechanical ventilation was used
in 5 of 10 (50 percent) in the corticosteroid group and
in 15 of 26 (58 percent) in the standard-treatment
group (P = 0.48). The patients receiving mechanical
ventilation had similar median hypoxemia ratios at
the last scheduled arterial blood gas measurement be-
fore intubation (205 vs. 214, P = 0.52).

High doses of parenteral corticosteroids were pre-
scribed for “rescue” at the discretion of the primary
physician in 7 of 17 patients (41 percent) in the corti-
costeroid group and 19 of 38 patients (50 percent) in
the standard-treatment group in whom respiratory
failure developed (P = 0.55). The short-term mortal-
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Table 3. Estimated Cumulative Risk of an Unfavorable Outcome, According to Eligibil-
ity for the Study and Type of Diagnosis of Pneumocystis Pneumonia.

CORTICOSTEROIDS FOR P. CARINII PNEUMONIA IN AIDS — BOZZETTE ET AL. 1455

corticosteroid group who received
trimethoprim — sulfamethoxazole

CHARACTERISTIC* CATEGORY OF PATIENTS
‘CONFIRMED OR
PRESUMED
ALL ELIGIBLE DISEASE

No. of patients 333 328 251

percent
Respiratory failure
Standard therapy — 25 30
Corticosteroids — 12 14
Relative hazard (95% CI) — 2.3 (1.3-42) 23 (1.3-4.3)
P value — 0.003 0.004
Death after 31 days
Standard therapy 20 20 23
Corticosteroids 10 9 11
Relative hazard (95% CI) 1.9 (1.1-3.4) 2.2 (1.2-4.1) 23 (1.2-4.4)
P value 0.026 0.007 0.009
Death after 84 days
Standard therapy 25 25 26
Corticosteroids 17 15 16
Relative hazard (95% CI) 1.6 (1.0-2.7) 1.8 (1.1-3.0) 1.8 (1.0-3.2)
P value 0.039 0.014 0.026

were still more likely to complete an
adequate course in the initial anti-
pneumocystis therapy than their
counterparts in the standard-treat-
25 ment group, because the initial
therapy was less often discontinued
or changed because of treatment
failure or a perception of such fail-

CONFIRMED
DISEASE

27 ure. No adverse effects directly at-
'; 6 (13-53) tributable to treatment with cor-
0005 ticosteroids were observed, and
except for an increase in the reacti-
19 vation of localized herpetic lesions,
8 there were no significant differences
(2)2810 (1.2-5.7) between the treatment groups in
the incidence of other morbid con-
2 ditions.
12 Because this study was not blind-
g-gls(“-“) ed, there is a possibility that bias

may account for these results.’®

*Cl denotes confidence intervai.

ity among the patients who received such therapy after
respiratory failure, as compared with that among
those who did not, was 11 of 16 (69 percent) as com-
pared with 5 of 7 (71 percent) at center 1 (P = 0.25),
2 of 2 (100 percent) as compared with 15 of 16 (94
percent) at center 3 (P = 0.89), and 4 of 8 (50 per-
cent) as compared with 3 of 6 (50 percent) at all
the other centers (P = 0.70). Furthermore, in the
55 patients in whom respiratory failure developed,
multivariate Cox modeling showed that neither the
original treatment-group assignment nor the use of
high-dose corticosteroids was a significant predictor
of survival.

DiscussioN

In this study, the early use of adjunctive corticoster-
oids in patients with HIV infection and pneumocystis
pneumonia was associated with a reduction by ap-
proximately half in the risk of acute respiratory failure
and death. The benefit in survival persisted over at
least 84 days. Outcomes improved for patients with
moderate-to-severe lung dysfunction at presentation
(Table 2). The benefit appeared to increase with in-
creasing severity of pulmonary dysfunction at presen-
tation (Fig. 3) — a finding corroborated by the strong
effect of corticosteroids in a recently concluded dou-
ble-blind trial in 23 patients with severe pneumocystis
pneumonia.’’ In accordance with previous observa-
tions, the risk of respiratory failure was low, and no
deaths from respiratory causes were observed in the
patients who presented with mild disease.*

The use of adjunctive corticosteroids did not signifi-
cantly reduce the treatment-limiting toxicity of anti-
pneumocystis therapy. However, the patients in the

Bias in the selection of subgroups

for analysis or the ascertainment of
end points is ruled out by the significant survival bene-
fit demonstrated in the strict intention-to-treat analy-
sis. Systematic differences in the medical care of pa-
tients cannot be ruled out definitively, but several
factors make such differences unlikely; among them
are the consistent benefit demonstrated at a number of
institutions, the consistent use of mechanical ventila-
tion and high-dose corticosteroids for rescue in pa-
tients with respiratory failure, and the uniformly poor
prognosis of patients with respiratory failure within
institutions, regardless of original treatment assign-
ment or use of rescue corticosteroids. Multivariate
analysis was used to adjust for possible confounding,
but treatment-group assignment remained highly pre-

Table 4. Incidence of Infections and Cancers.

TyPE OF MORBIDITY* AFTER 21 Davs AFTER 84 Days

STANDARD
THERAPY

STANDARD

STEROIDS STEROIDS THERAPY

number (percent)

Thrusht 28(23) 22317 65 (53) 53 (4hH
Herpetic lesionst 16 (13) 7 (5) 32 (26) 19 (15)
Any serious opportunistic
infection 7(6) 9 (D 28 (23) 27 21
CMV disease 1) 0 (0) 6 (5) 4(3)
MAI bacteremia 0(0) 0(0) 7(6) 8 (6)
Cryptococcosis 54 43) 9(7) 7(5)
Esophageal candidiasis 1(1) 4(3) 5@ 7 (6)
Kaposi’s sarcoma 0 (0) 1(1) 12 (10) 11 (9)
Bacterial pneumonia 5(4) 6 (5) 8 (7 7(6)
Pyogenic bacteremia 0(0) 2(2) 2(2) 403)

*CMYV denotes cytomegalovirus, and MAI Mycobacterium avium—intracellulare.
1P<0.10 after 84 days.

$New focal reactivation of herpes simplex virus (in 50 patients) or varicefla—zoster virus (in
1 patient) (P<0.10 after 21 days and P<0.04 after 84 days).
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Figure 3. Changes in the Hypoxemia Ratio over Time.

The group means were significantly different on day 3 (4 vs. —41,

P = 0.01). The mean of all the difference scores was 66 in the

corticosteroid group (0J) and 17 in the standard-treatment group

(x) (P<0.001). For an explanation of the calculation of the hypox-
emia ratio, see Methods.

dictive of outcome. Finally, loss to follow-up was
slightly more frequent in the corticosteroid group, but
all patients lost to follow-up were well at their last
evaluation.

Most cases of respiratory failure occurred in associ-
ation with early deterioration in oxygenation during
the first few days of therapy. Thus, the prevention of
such early deterioration appears to provide a physio-
logic basis for the improvement in clinical outcomes in
the corticosteroid group (Fig. 2). This effect is consis-
tent with the protective effect of early corticosteroid
administration demonstrated previously in animal
models of the respiratory distress syndrome® and in
patients with pneumocystis pneumonia.?® Further-
more, the finding of superior oxygenation in the corti-
costeroid group throughout this study was consistent
with a previous report of persistently superior exercise
tolerance in patients treated with adjunctive cortico-
steroids early in their illness.”

Over the next decade, approximately 750,000 epi-
sodes of pneumocystis pneumonia can be expected to
cause more than 175,000 deaths in the United States
and Western Europe.*” The number of cases and fa-
talities can be reduced by identifying persons at risk
and providing them with effective prophylaxis.*! Our
data indicate that mortality attributable to pneumo-
cystis pneumonia can be reduced further by the use of
an inexpensive course of adjunctive corticosteroids in

Nov. 22, 1990

persons with moderate-to-severe disease. Initial thera-
py for HIV-related pneumocystis pneumonia in per-
sons with hypoxemia ratios of less than 350 (equiva-
lent to a partial pressure of oxygen of 74 torr while a
person is breathing room air) should include predni-
sone or its equivalent in the dosages used in this trial.
Vigorous attempts should be made to confirm the di-
agnosis in all such patients, in order to avoid adverse
effects related to the masking of unsuspected infec-
tions, such as tuberculosis and pulmonary cryptococ-
cosis.

We are indebted to the medical house staff, the pulmonary physi-
cians, and the physicians and nurses treating patients with AIDS at
our institutions; to the participants in this study; to Melville
Klauber, Ph.D., for his assistance in the initiation of the study; and
to Susan Ellenberg, Ph.D., and David Feigal, M.D., for their advice
in planning the analysis of the data.

REFERENCES

1. Murray JF, Felton CP, Garay SM, et al. Pulmonary complications of the
acquired immunodeficiency syndrome: report of a National Heart, Lung,
and Blood Institute workshop. N Engl J Med 1984; 310:1682-8.

2. Baumann WR, Jung RC, Koss M, Boylen CT, Navarro L, Sharma OP.
Incidence and mortality of adult respiratory distress syndrome: a prospective
analysis from a large metropolitan hospital. Crit Care Med 1986; 14:1-4.

3. Wachter RM, Luce JM, Turner J, Volberding P, Hopewell PC. Intensive
care of patients with the acquired immunodeficiency syndrome. Am Rev
Respir Dis 1986; 134:891-6.

4. Brenner M, Ognibene FP, Lack EE, et al. Prognostic factors and life expect-
ancy of patients with acquired immunodeficiency syndrome and Preumo-
cystis carinii pneumonia. Am Rev Respir Dis 1987; 136:1199-206.

5. el-Sadr W, Simberkoff MS. Survival and prognostic factors in severe Pneu-
mocystis carinii pneumonia requiring mechanical ventilation. Am Rev Res-
pir Dis 1988; 137:1264-7.

6. Garay SM, Greene J. Prognostic indicators in the initial presentation of
Pneumocystis carinii pneumonia. Chest 1989; 95:769-72.

7. Friedman Y, Franklin C, Rackow EC, Weil MH. Improved survival in
patients with AIDS, Pneumocystis carinii pneumonia, and severe respirato-
ry failure. Chest 1989; 96:862-6.

8. Efferen LS, Nadarajah D, Palat DS. Survival following mechanical ventila-
tion for Pneumocystis carinii pneumonia in patients with the acquired immu-
nodeficiency syndrome: a different perspective. Am J Med 1989; 87:401-4.

9. Nash G, Fligiel S. Pathologic features of the lung in the acquired immune
deficiency syndrome (AIDS): an autopsy study of seventeen homosexual
males. Am J Clin Pathol 1984; 81:6-12.

10. Maxfield RA, Sorkin IB, Fazzini EP, Rapoport DM, Stenson WM, Gold-
ring RA. Respiratory failure in patients with acquired immunodeficiency
syndrome and Preumocystis carinii pneumonia. Crit Care Med 1986;
14:443-9.

11. Smith RL, el-Sadr WM, Lewis ML. Correlation of bronchoalveolar cell
lavage populations with clinical severity of Pneumocystis carinii pneumo-
nia. Chest 1988; 93:60-4.

12. Mason GR, Hashimoto CH, Dickman PS, Foutty LF, Cobb CJ. Prognostic
implications of bronchoalveolar lavage neutrophilia in patients with Preu-
mocystis carinii pneumonia and AIDS. Am Rev Respir Dis 1989; 139:1336-

2

13. Wéiss SJ. Tissue destruction by neutrophils. N Engl J Med 1989; 320:365-

14. Fauci AS, Dale DC, Balow JE. Glucocorticosteroid therapy: mechanisms of
action and clinical considerations. Ann Intern Med 1976; 84:304-15.

15. Blackwood LL, Pennington JE. Dose-dependent effect of glucocorticoster-
oids on pulmonary defenses in a steroid-resistant host. Am Rev Respir Dis
1982; 126:1045-9.

16. Morris HG. Mechanisms of glucocorticoid action in pulmonary disease.
Chest 1985; 88:Suppl 2:133S-1418S.

17. Burke BA, Good RA. Pneumocystis carinii infection. Medicine (Baltimore)
1973; 52:23-51.

18. Rifkind D, Starzi TE, Marchioro TL, Waddell WR, Rowlands DT Jr, Hill
RB Jr. Transplantation pneumonia. JAMA 1964; 189:808-12.

19. MacFadden DK, Edelson JD, Rebuck AS. Pneumocystis carinii pneumonia
in the acquired immunodeficiency syndrome: response to inadvertent steroid
therapy. Can Med Assoc J 1985; 132:1161-3.

20. Foltzer MA, Hannan SE, Kozak AJ. Pneumocystis pneumonia: response to
corticosteroids. JAMA 1985; 253:979.

The New England Journal of Medicine
Downloaded from nejm.org by Devang Patel on December 23, 2013. For personal use only. No other uses without permission.
Copyright © 1990 Massachusetts Medical Society. All rights reserved.



Vol. 323 No. 21

21. el-Sadr W, Sidhu G, Diamond G, et al. High-dose corticosteroids as adjunct
therapy in severe Pneumocystis carinii pneumonia. AIDS Res 1986; 2:349-
55

22. MacFadden DK, Edelson JD, Hyland RH, Rodriguez CH, Inouye T, Re-
buck AS. Corticosteroids as adjunctive therapy of Pneumocystis carinii
pneumonia in patients with acquired immunodeficiency syndrome. Lancet
1987; 1:1477-9.

23. RankinJA, Pella JA. Radiographic resolution of Pneumocystis carinii pneu-
monia in response to corticosteroid therapy. Am Rev Respir Dis 1987;
136:182-3.

24. Mottin D, Denis M, Dombret H, Rossert J, Mayard C, Akoun G. Role for
steroids in treatment of Pneumocystis carinii pneumonia in AIDS. Lancet
1987; 2:519.

25. Lambertus MW, Goetz MB. Treatment of pneumocystis pneumonia in
AIDS. N Engl J Med 1988; 318:988-9.

26. Walmsley S, Salit IE, Brunton J. The possible role of corticosteroid therapy
for pneumocystis pneumonia in the acquired immunodeficiency syndrome
(AIDS). J Acquir Immune Defic Syndr 1988; 1:354-60.

27. Montaner JS, Russell JA, Lawson L, Ruedy J. Acute respiratory failure
secondary to Pneumocystis carinii pneumonia in the acquired immunodefi-
ciency syndrome: a potential role for systemic corticosteroids. Chest 1989;
95:881-4.

28. Montaner JSG, Lawson LM, Levitt N, Belzberg A, Schechter MT, Ruedy J.
Corticosteroids prevent early deterioration in patients with moderately se-
vere Pneumocystis carinii p nia and the acquired immunodeficiency
syndrome. Ann Intern Med 1990; 113:14-20.

29. Hughes WT. Treatment of pneumocystis pneumonia in AIDS. N Engl J Med
1988; 318:990.

EXPRESSION OF RETINOBLASTOMA GENE PRODUCT IN SARCOMAS — CANCE ET AL. 1457

30. Real FX, Krown SE, Koziner B. Steroid-related development of Kaposi’s
sarcoma in a homosexual man with Burkitt’s lymphoma. Am J Med 1986;
80:119-22.

31. Gill PS, Loureiro C, Bernstein-Singer M, et al. Clinical effect of glucocorti-
coids on Kaposi sarcoma related to the acquired immunodeficiency syn-
drome (AIDS). Ann Intern Med 1989; 110:937-40.

32. Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst 1959; 22:719-48.

33. Kaplan EL, Meier P. Nonparametric estimation from incomplete observa-
tions. J Am Stat Assoc 1958; 53:457-81.

34. Simon R. Confidence intervals for reporting results of clinical trials. Ann
Intern Med 1986; 105:429-35.

35. Cox DR. Regression models and life tables. J R Stat Soc [B] 1972; 34:187-
220.

36. Wilkinson L. Sygraph. Evanston, Iil.: Systat, 1988.

37. Gagnon S, Boota AM, Fischl MA, Baier H, Kirksey OW, La Voie L.
Corticosteroids as adjunctive therapy for severe Pneumocystis carinii pneu-
monia in the acquired immunodeficiency syndrome: a double-blind, pla-
cebo-controlled trial. N Engl J Med 1990; 323:1444-50.

38. Sackett DL. Bias in analytic research. J Chronic Dis 1979; 32:51-63.

39. Brigham KL, Bowers RE, McKeen CR. Methylprednisolone prevention of
increased lung vascular permeability following endotoxemia in sheep. J Clin
Invest 1981; 67:1103-10.

40. Sato PA, Chin J, Mann JM. Review of AIDS and HIV infection: global
epidemiology and statistics. AIDS 1989; 3:Suppl 1:5S301-S307.

41. Guidelines for prophylaxis against Pneumocystis carinii pneumonia for per-
sons infected with human immunodeficiency virus. MMWR 1989; 38:Suppl
S.

ALTERED EXPRESSION OF THE RETINOBLASTOMA GENE PRODUCT IN HUMAN
SARCOMAS

WiLLiam G. Cance, M.D., Murray F. BRexnan, M.D., Marie E. Dubas, B.S., Caun-Mine Huang, Pu.D.,
AND CArLOs CorDON-CARDO, M.D., Pu.D.

Abstract Background. The retinoblastoma-suscepti-
bility (Rb) gene is a prototype tumor-suppressor gene orig-
inally isolated from patients with heritable retinoblastoma.
This gene encodes a nuclear phosphoprotein whose ex-
pression is altered in several types of human tumors.

Methods. We studied the expression of the Rb protein
in 44 primary and 12 metastatic high-grade human sarco-
mas by means of immunohistochemical methods and
Western blotting. Computerized image analysis was used
to quantify the level of Rb gene product in individual tu-
mor cells. The expression of the Rb gene was then corre-
lated with clinical outcome in the patients with primary
tumors.

Results. Of the 44 patients with primary sarcomas, 13
(30 percent) had tumors with normal, homogeneous ex-
pression of the Rb protein in essentially all tumor cells.
Thirty-one patients with primary tumors (70 percent) had

HERE is growing evidence of the existence of a
family of recessive genes that can promote tumor
growth when both alleles are inactivated.'* The proto-
type of such tumor-suppressor genes is the retinoblas-
toma-susceptibility (Rb) gene, which is located on hu-
man chromosome 13q14*® and encodes a 110-kd
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C.C.-C.), Memorial Sloan-Kettering Cancer Center, New York, and PharMingen
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altered Rb expression; in 18 (40 percent) the Rb protein
was heterogeneously expressed, and in 13 (30 percent) it
was detected in fewer than 20 percent of the tumor cells.
All 12 of the patients with metastatic sarcomas had altered
expression of the Rb protein. When the findings in the
patients with primary tumors were correlated with clinical
outcome, survival was found to be significantly increased
in the patients whose tumors had homogeneous Rb
expression, as compared with those with either hetero-
geneous expression (P = 0.026) or no expression (P =
0.012).

Conclusions. Tumors in which the expression of Rb
gene product was decreased were more aggressive than
tumors in which this protein was expressed by nearly all
cells. The Rb gene product may be an important prognos-
tic variable in patients with these tumors. (N Engl J Med
1990; 323:1457-62.)

nuclear phosphoprotein that is expressed by normal
tissues.”® This protein binds DNA® and is phosphoryl-
ated during the S and G,~M phases of the cell cy-
cle,'®!! but its function remains to be elucidated.
The Rb gene was initially found to be deleted in the
tumors of patients with heritable retinoblastoma.'?"
The high incidence of sarcomas in the survivors of this
disease suggested that deletion of the Rb gene may
be associated with the development of these neo-
plasms as well.'*!®> Subsequently, either deletions or
rearrangements of the Rb gene or altered expression
of the Rb gene product have been detected in sarcoma
cell lines and some sporadic human sarcomas.'¢'8
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