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Abstract. Background: Agents that target pro-inflammatory cytokines may be useful in pulmonary sarcoido-
sis. Objective: To determine effectiveness of a non-selective cyclic nucleotide phosphodiesterase (PDE) in-
hibitor, pentoxifylline (POF). Design: Randomized, double-blind, placebo-controlled trial, Setting: Clinical Re-
search Center, National Institutes of Health. Patients: 27 patients with biopsy-confirmed pulmonary sarcoido-
sis receiving prednisone. Intervention: Placebo or POF (1200-2000 mg/day) for 10 months, as prednisone was
tapered. Measurements: Primary endpoints: sustained improvement in two or more pulmonary function para-
meters, or a combination of one pulmonary function parameter and dyspnea. Results: Except for one patient,
primary endpoints were not reached in POF-treated patients. Therefore, a post hoc analysis was performed.
The observed relative risk reduction for flares associated with POF treatment was 54.9% (95% CI 0.21, 0.89)
and the absolute risk reduction was 50.6% (95% CI 0.22, 0.80). Compared to placebo treatment, in the POF
group, the mean prednisone dose was lower at 8 and 10 months (p = 0.007 and 0.01 respectively), and there was
a trend towards less prednisone usage over the entire study period (p = 0.053), as determined by cumulative
change analysis. Conclusions: Although our exploratory post hoc analysis suggested that POF reduced flares and
had steroid-sparing effects, given the study limitations, definitive conclusions cannot be drawn regarding the ef-
ficacy of POF in pulmonary sarcoidosis. In addition, gastrointestinal side-effects, at the doses used, would seem
to limit the use of POF in treating pulmonary sarcoidosis. Overall, however, this trial may provide a basis for
using more specific, better-tolerated, PDE inhibitors in future clinical trials. (Sarcoidosis Vasc Diffuse Lung Dis
2009; 26: 121-131)
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Introduction  

Sarcoidosis is a multi-system inflammatory dis-
ease of unknown etiology, in which affected organs,
most commonly the lungs, are infiltrated with well-
formed, non-caseating granulomas composed of
monocytes, macrophages, epithelioid and multinu-
cleated giant cells, and CD4+T helper-1(Th-1) lym-
phocytes (1, 2). Since the pathogenesis of granuloma
formation in sarcoidosis involves the production and
release of inflammatory chemokines, such as
macrophage inflammatory protein 1 alpha (MIP-
1α) (3) and MIP-1β (4, 5), regulated on activation
normal T expressed and secreted (RANTES) (6) and
other cytokines (7, 8), including interferon gamma
(INF-γ), tumor necrosis factor alpha (TNF) (9), in-
terleukin-2 (IL-2) (10), and interleukin-12 (IL-12)
(11), therapies directed against one or more of these
mediators might be effective in ameliorating the
granulomatous inflammatory process, which is often
intractable and debilitating.

The second messenger, adenosine-3’, 5’-cyclic
monophosphate (cAMP) is known to inhibit in-
flammatory responses (12). Agents that increase
cAMP, including inhibitors of cyclic nucleotide
phosphodiesterases (PDEs) (13), such as pentoxi-
fylline (POF) (14), could serve as therapeutic op-
tions to corticosteroids, which are the current main-
stay of therapy for sarcoidosis (2), and have numer-
ous undesirable side effects which can lead to a de-
creased quality of life.

Pentoxifylline (POF), a xanthine derivative, is a
non-specific PDE inhibitor which exhibits anti-in-
flammatory properties and has been used for the
treatment of peripheral vascular disease (15-20).
POF inhibited interleukin-2 receptor (IL-2R) ex-
pression (21), and production of TNF (22), IL-2,
and IFNγ by human peripheral blood monocytes
and T-lymphocytes (15). Administration of POF
reduced plasma TNF and decreased TNF and IL-12
mRNA expression by peripheral blood monocytes
isolated from subjects with relapsing-remitting mul-
tiple sclerosis (18), a Th-1 polarized inflammatory
disease. In addition, POF inhibited TNF release by
alveolar macrophages isolated from patients with
sarcoidosis (23, 24) and extrinsic allergic alveolitis
(25). Since TNF plays a pivotal role in granuloma
formation and maintenance (26, 27), and since the
clinical course of pulmonary sarcoidosis may corre-

late with increased IL-2 and TNF cytokine produc-
tion (10), POF, by its inhibition of TNF release,
might be useful as a steroid-sparing agent in diseases
such as pulmonary sarcoidosis.

Since some reported benefits of POF in an
open-label study (28) could have been related to
spontaneous remission of pulmonary sarcoidosis, we
designed a randomized, double-blind, placebo-con-
trolled trial with POF in patients with pulmonary
sarcoidosis who required corticosteroid therapy, to
determine whether POF could provide an alternative
to prednisone. However, recruitment goals were not
met, and there were no differences in primary end-
points, that is, sustained improvement in two or
more pulmonary function parameters, or a combina-
tion of one pulmonary function parameter and dys-
pnea. Therefore, a post hoc exploratory analysis was
performed for hypothesis generation, and an analysis
of the study methodology was conducted to provide
guideposts for design of future trials. As reported
here, this analysis indicated that POF-treated pa-
tients experienced significantly fewer flares, or recur-
rence of disease, and suggested that POF might have
had steroid-sparing effects.

Methods

Patient Selection and Eligibility Criteria

Subjects between ages 18 and 70 were enrolled
if they had pulmonary sarcoidosis, which was diag-
nosed by a compatible clinical history and supported
by a lung or intrathoracic lymph node biopsy, and, in
addition to other criteria, if they were prednisone-re-
quiring as determined by their pulmonologist or pri-
mary medical doctor.

Protocol Design 

After telephone and clinical screening of re-
cruited subjects, informed consent was obtained
from eligible subjects, who were then enrolled and
randomized, in a double-blind fashion, to receive
POF or placebo, as their baseline prednisone was
systematically tapered and discontinued as tolerated.
If the dose of prednisone, at enrollment, was greater
than or equal to 40 mg per day, prednisone was re-
duced bi-weekly according to the following regimen:
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40 mg daily, 30 mg daily, 20 mg daily, 15 mg daily,
10 mg daily, then 10 mg alternating with 7.5 mg, 10
mg alternating with 5 mg, 10 mg every other day, 7.5
mg every other day, 5 mg every other day, following
which prednisone was discontinued. For subjects
taking less than 40 mg daily at the time of enroll-
ment, prednisone was tapered to the next lowest
dose and reduced in same stepwise regimen. If a sub-
ject experienced a pulmonary sarcoidosis flare, de-
fined by worsening respiratory symptoms, CXR, or
pulmonary function tests (PFTs), that is, >15% de-
cline in FEV1, FVC, or a >20% decline in DLCO,
during the study, the prednisone dose was increased
to 40 mg daily for two weeks and then tapered as de-
scribed above to their baseline dose. Chest radi-
ographs were qualitatively reviewed by a pulmonolo-
gist and radiologist.

Subjects were randomized to receive, as study
drug, either placebo or POF, 1600 mg/day if body
weight was less than 70 kg, or 2000 mg/day if body
weight exceeded 70 kg. Study subjects were clinical-
ly evaluated at enrollment and approximately every
four to six weeks for a 10 month period. A dyspnea
assessment (Appendix A) (29-31), PFTs, complete
blood counts, and chemistries were performed at
each visit. Subjects were randomized in blocks of 2,
4, and 6, and randomization was implemented by the
NIH Pharmaceutical Development Service; patients
and investigators were blinded to treatment assign-
ment. Study drugs were administered orally, in di-
vided doses, with food. The protocol (99-H-0057)
was approved by the NHLBI Institutional Review
Board, and registered with ClinicalTrials.gov
(NCT00001877). Data were reviewed independent-
ly by the NHLBI Pulmonary DSMB.

Endpoints

Primary endpoints were defined as: (a) a signif-
icant improvement in two or more PFT parameters
(a significant increase was defined as an increase of
>15% from baseline in FEV1 or FVC, or an increase
of >20% from baseline in DLCO (30, 32, 33), or (b)
a significant increase in one PFT parameter com-
bined with any improvement in the level of dyspnea,
which was sustained at months 8-10 of the study. To
achieve primary endpoint criteria, the change in
PFTs and dyspnea could not be accompanied by an
increase in prednisone at any time over the study.

Sample Size and Statistical Analysis

Sample size for this study was based on the pri-
mary endpoint. A projected sample size of 100 pa-
tients (50 in each group) was selected to have 85%
power to detect a 75% or greater achievement of the
primary endpoint criteria in the POF arm as com-
pared to 45% in the placebo arm, with a two-sided
α=0.05.

The planned analyses were performed using a
Fisher’s exact test for frequency data and Wilcoxon
rank test or permutation test for continuous data.
Secondary and post hoc analyses involved, in addi-
tion, other parametric and non-parametric methods,
such as the last rank carried forward (LRCF) (34)
and cumulative change (CC) (34) analyses. The LR-
CF allow evaluation of subjects with different dura-
tions of participation over the course of study. In the
LRCF method, the rank of change from baseline
among the pooled sample at the time of the last vis-
it is carried forward for each non-completer. Then
the two arms are compared at the end of the study
using a Wilcoxon rank test. Cumulative change
analysis was used to compare the prednisone dose
between the two arms; at each visit and for each
group, all available dose changes from consecutive
visits were averaged, and then these averages were
aggregated over time. All inferences made in sub-
group, secondary, and post hoc analyses were consid-
ered exploratory.

Results

Study Overview and Patient Characteristics

In this trial of pentoxifylline in pulmonary sar-
coidosis, 248 patients were initially screened via tele-
phone; of these, after further clinical evaluation, 28
were enrolled in the study; one subject with severe
disease was not included in the analysis (Figure 1).
Twenty-seven had mild-to-moderate respiratory im-
pairment (35), and few baseline differences (Table
1). Subjects in both treatment groups were of similar
age and gender, although more women were enrolled
overall. More African-American patients were ran-
domized to the POF group (11 subjects) than place-
bo (6 subjects) (p < 0.05). Enrolled patients did not
actively smoke cigarettes. At the time of enrollment,
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the majority of subjects had radiographic stage II or
III disease. A majority of subjects in both arms re-
ported dyspnea of mild-to-moderate severity, i.e.,
grades 1-3 (Table 1). Arterial oxygenation and PFT

parameters were normal, except for a lower hemo-
globin-adjusted DLCO in POF patients (p < 0.05).
Prednisone doses at the time of randomization were
similar in placebo (16 ± 3 mg) and POF-groups (15

Fig. 1. Patient Disposition.
Of the twenty-seven patients with mild-to-moderate disease, ten patients, [6] in the placebo group and [4] in the POF group completed
the study. Seventeen patients were unable to complete the study, [8] placebo and [9] POF-treated patients. Four [4] placebo-treated sub-
jects and [3] POF-treated subjects were unable to complete the study due to early protocol termination by the NHLBI Pulmonary DSMB.
One [1] patient in each group, withdrew soon after their initial visit, and they were not included in the analysis. One [1] patient in each
group, who had met flare criteria, voluntarily withdrew because of worsened sarcoid symptoms; they were included in the flare tabulations.
Of the remaining placebo patients, one [1] was removed because of self-limited non-sustained ventricular tachycardia on a cardiac exercise
stress test; the other subject [1] voluntarily withdrew because of worsened narcolepsy. Three [3] POF-treated subjects failed to complete
the study due to voluntary withdrawal attributable to the following: [1], gastrointestinal side effects despite a dose reduction to 1200
mg/day; [1], Parkinson’s disease; and [1], fear of travel after the September 11th tragedy. Virtually all subjects adhered to their prescribed
treatment regimen, as determined by patient history and pill counts.
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± 4 mg). At enrollment, subjects in the POF arm
had significantly higher serum angiotensin convert-
ing enzyme (SACE) levels than those in the placebo
arm (p < 0.05) (Table 1). There were no significant
differences between the two treatment groups in
bronchoalveolar lavage (BAL) macrophage counts,
or in the mean duration of participation, i.e., 32
weeks for the placebo group vs. 31 weeks for the
POF group (Table 2).

Because of a slow rate of recruitment, the
DSMB recommended termination of the study. In
each group, a significant number of subjects were re-
moved or dropped out (Figure 1 and Table 2). This
reduced the number of evaluable subjects by ap-
proximately 30% per arm (Figure 1) [subjects were
considered evaluable if they participated for at least
3 months (± 1 week)]. In addition, one subject from
each arm, who met flare criteria, voluntarily with-
drew because of worsened disease; they were count-
ed in the flare tabulations. The clinical course and
treatment outcomes of the twenty-seven subjects
with mild-to-moderate disease are summarized in

Table 2. The mean duration of sarcoidosis prior to
enrollment was 6.12 (SEM 1.47) years for the
placebo group and 7.07 (SEM 2.66) years for the
POF cohort (p = 0.81); the mean duration overall
was 6.45 years. This reflects a population which was
most likely affected with unremitting or chronic-re-
lapsing sarcoidosis, which would be consistent with
their steroid-requiring history, and further suggests
that this population was appropriate for the study.
The duration of disease was determined by the dif-
ference in time between the diagnostic biopsy
(histopathology report) and the date of enrollment.
Except for one POF-treated patient, primary end-
points were not achieved. Thus, a post hoc, ex-
ploratory analysis of the effects of POF on the inci-
dence and risk of flares, as well as prednisone usage,
was performed.

Risk Analysis of Flares

Flares were defined by a worsening in dyspnea,
CXR, or PFTs. Overall, there were fewer observed

Table 1. Baseline Characteristics of Sarcoid Patients with Mild-to-Moderate Disease, and Treated with Placebo or POF

Placebo POF Placebo POF

AgeII 44 ± 2 49 ± 3 Dyspnea Scale
0 3 4

Gender 1 6 5
Male 5 3 2 4 3
Female 9 10 3 1 1

4 0 0
Ethnicity

Caucasian 8 2 PFTsII (means)
African-American** 6 11 FEV1 %  Predicted 85 ± 6 90 ± 7

FVC   %  Predicted 86 ± 4 89 ± 6
Smoking Status TLC    %  Predicted 86 ± 4 91 ± 5

Never 9 9 DLCO %  Predicted** 91 ± 5 78 ± 6
Ex-Smoker 5 4
Current Smoker 0 0 Arterial PaO2II (mean) 84 ± 2 80 ± 3

(mmHg) and [kPa] [11.17] [10.64]

Initial Mean Prednisone 
Radiographic Stage++ DoseII (mg/day) 16 ± 3 15 ± 4
0 (Normal) 1 2
I  (Hilar LN) 2 2 Mean SACEII,**(U/L) 24 ± 3 44 ± 6
II (Hilar LN & Infiltrates) 3 4

Mean BAL
III (Infiltrates) 7 4 macrophages^ 75.8% 71.1%

IV (Fibrocystic Disease) 1 1
IIValues represent means + SEM. **P < 0.05 as determined by either a two-tailed Fisher’s exact test or Student’s t-test. ++All patients had a
history of radiographic stages equal to or greater than 1; LN = lymph node. ^The BALF data was derived from 13 placebo - and 10 POF -
treated subjects, respectively
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flares in POF-treated subjects, i.e., 5/12 in the POF
group vs. 12/13 in the placebo arm (p = 0.011)
(Table 2). This corresponded to a relative risk re-
duction (RRR) of 55.4% (95% CI 0.21, 0.90), an
absolute risk reduction (ARR) of 50.6%, and the
number needed to treat (NNT) to prevent one flare

was 2 patients (95% CI 1.11, 4.76) (Table 3) (36).
This analysis included subjects who were in the tri-
al for less than 6 months. For participants in the
study for greater than or equal to 6 months, there
were 3/9 flares in the POF group and 9/9 flares in
the placebo group (p = 0.009). The corresponding

Table 2. Study Results

Placebo n, (%) POF n, (%) P-Value*

Patient distribution
Total Randomized Mild to Moderate Disease 14 13 NS
Successful Study Completions 6  (43) 4 (31) NS
Temporary Prednisone Discontinuation 9  (64) 9 (69) NS
Compliance with Medications 14 (100) 12 (92) NS
No. Patients Participating at least 3 months 13 (93) 12 (92) NS
No. Patients Participating at least 6 months 9 (64) 9 (69) NS
No. Evaluable Patients Removed or Withdrawn 7/13 (54) 8/12 (67) NS

Flares
Observed Flares  (Entire Study) 12/13 (92) 5/12 (42) 0.011
Observed Flares (in study ≥ 6 months) 9/9 (100) 3/9 (33) 0.009
TheoreticalII + Observed Flares (up to 6 months)   12/14 (86) 6/13 (46) 0.046
Theoretical** + Observed Flares (up to 9 months)   12/14 (86) 9/13 (69) 0.384

Primary endpoints
Improvement > 2 PFT Parameters 0 0 NS
Improvement 1 PFT Parameter & Dyspnea 0 1 NS

Durations Mean (SEM)
Duration of Study Participation (Weeks)  31.85 (3.37) 30.75 (3.22) NS
Prednisone-Free Period (Weeks) 6.3 (2.0) 13.3 (3.1)  0.071

Prednisone++ Mean (SEM) mg/day
Prednisone at 6 months 
(N = 9 Placebo; N = 9 POF) 12.13 (4.03) 3.24 (1.86) 0.059
Prednisone at 8 months  
(N = 8 Placebo; N = 8 POF) 11.21 (3.23) 0.71 (0.61) 0.007
Prednisone at 10 months  
(N = 6 Placebo; N = 4 POF) 9.36 (0.96) 0.46 (0.36) 0.010

Prednisone Entire Study Period 11.997 (1.67) 7.537 (2.51) 0.146

Adverse events
Recurrent Mild Nausea 0 (0) 8 (62) 0.003
Repeated Mild Diarrhea 0 (0) 7 (54) 0.003
Abdominal Cramps 0 (0) 2 (15) NS
Emesis 0 (0) 3 (23) NS

The incidence of flares was analyzed for the “entire study period”, which included evaluable subjects who were in the trial for less than 6
months. In order to avoid potential specious effects caused by drop outs, the analysis was then confined to subjects participating at least 6
months or more, as denoted by “(in study ≥ 6 months)”. Subsequently, flares were then analyzed by an intention-to-treat, worst case scenario
method (51). In this method, removed subjects and drop outs who were in the treatment arm (POF), without a documented event (flare),
were allocated as if they had an event (“theoretical” flare); drop outs/removed cases in the placebo arm, without a documented event, were
allocated as if they would not have flared. Theoretical Flares II indicates that the analysis was confined to drops outs/removed subjects up to
6 months; for the POF arm, 1 drop out/removed patient was allocated to the flare state, and for the placebo arm, 1 drop out/removal was
ascribed to the non-flare state. Theoretical Flares** indicates that the analysis was restricted to drop outs/removed subjects that occurred up
to 9 months; for the POF arm, 3 drop outs/removed patients were allocated to the flare state, while in the placebo group, 1 drop out/re-
moved subject was ascribed to the non-flare state as noted previously. Prednisone usage was determined by pill counts and patient history.
The mean prednisone++ dose for an individual subject was calculated by averaging the daily dose at a given visit, with the mean daily dose of
the preceding 4 weeks. The results were then pooled within the treatment arms and are shown above. *P-values based on a permutation test
for continuous outcomes and Fisher’s exact test for categorical or count data. NS represents p > 0.05
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RRR was 66.7% (95% CI 0.36, 0.97); ARR 66.7%
and NNT = 2 (95% CI 1.03, 2.79). The data were
also analyzed by an intention-to-treat, worst case
scenario method (37). In this method, drop outs and
removed subjects in the POF arm, without a docu-
mented flare, were considered to have developed a
theoretical flare; in the placebo arm, drop outs and
removed subjects who had not flared, were allocated
to a non-flare state (Table 2). Using this method of
analysis for handling drop outs and removed sub-
jects up to six months, the RRR for POF treatment
was 46.2%, ARR 39.6% and NNT 3; for drop outs
and subject removals that occurred up to 9 months,
the RRR was 19.2%, ARR 16.5%, and the NNT
was 6 (Table 3).

Analysis of Prednisone Usage

The mean prednisone dose (mg/day) was signif-
icantly lower at 8 and 10 months in the POF arm 
(p = 0.007 and 0.010), respectively (Table 2), but not
at 6 months (p = 0.059). A four week average at each
time point was used to avoid spurious results. In the
POF-treated group, there was a trend toward a larg-
er reduction from baseline of prednisone over the

Table 3. Post Hoc Analysis: Flares

Flares POF 95% Confidence Interval

A. Flares (Entire Study)
Relative Risk Reduction 0.549 (0.21, 0.89)
Absolute Risk Reduction 0.506 (0.22, 0.80)
Number Needed to Treat 2 (1.26, 4.61)

B. Flares (For subjects participating  > 6 months) 
Relative Risk Reduction 0.667 (0.36, 0.97)
Absolute Risk Reduction 0.667 (0.36, 0.97)
Number Needed to Treat 2 (1.03, 2.79)

C. Flares (Worst Case Scenario, drop outs up to 6 months)
Relative Risk Reduction 0.462 (0.08, 0.84)
Absolute Risk Reduction 0.396 (0.11, 0.68)
Number Needed to Treat 3 (1.46, 9.31)

D. Flares (Worst Case Scenario, drop outs up to 9 months)
Relative Risk Reduction 0.192 (-0.17, 0.55)
Absolute Risk Reduction 0.165 (-0.10, 0.43)
Number Needed to Treat 6 (2.31, infinity)  

Determination of the relative risk reduction (RRR), absolute risk reduction (ARR), and number needed to treat (NNT) (50), with pentox-
ifylline (POF), was performed for pulmonary sarcoid flares. (A) The analysis of flares for the “entire study period”, included evaluable sub-
jects who were in the trial for less than six months. Flare risk analysis was then restricted to subjects participating at least 6 months or more
(B). Thereafter, an intention-to-treat, worst case scenario method (51) was applied. In this method, drop outs and removed subjects in the
POF arm, without a documented flare, were allocated as if they had developed a “theoretical” flare; drop outs and removed subjects in the
placebo arm, who had not flared, were ascribed to a non-flare state. The worst case scenario risk analysis was confined to subject drop outs
and removals that occurred up to 6 (C) and 9 (D) months, respectively. The four groups of post hoc flare analyses are shown above.

Fig. 2. Cumulative Change Analysis of Prednisone Dose
There was a trend toward separation between the placebo and
POF groups in prednisone dose over the course of the study (p=
0.053), as was determined via cumulative change analysis (34).
Cumulative change analysis was used to compare the prednisone
dose between the two arms. At each visit and for each group, all
available dose changes from consecutive visits were averaged, and
then these averages were aggregated over time. We included pa-
tients who had at least 3 months, + 1 week, of data. There were
13 patients in the placebo group and 12 in the POF group. Vir-
tually all subjects adhered to their prescribed treatment regimen,
as determined by patient history and pill counts.
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whole study period (p = 0.053), as determined by cu-
mulative change analysis (34) (Figure 2). In accord
with protocol design, prednisone was tapered and
discontinued as tolerated, in 9 patients in each study
arm (Table 2). As seen in Table 2, there was a trend
toward a greater number of prednisone-free weeks in
the POF-treated subjects than in those given place-
bo; the mean duration of prednisone-free weeks for
the POF-treated patients was 13.3 ± 3.1 compared
to 6.3 ± 2.0 for placebo-treated subjects (p = 0.07).

Adverse Events

Adverse effects were reported in 12 of 13 POF-
treated patients and 4 of 14 patients given placebo;
gastrointestinal side effects, primarily mild nausea
and diarrhea, were limited to POF-treated patients
(p < 0.003) (Table 2). All subjects, who experienced
gastrointestinal side effects, were initially instructed
to reduce their study drug dosage. Three [3] of 5
subjects whose POF dose was reduced to 1200
mg/day had improvement in gastrointestinal symp-
toms, whereas two subjects discontinued study drug
due to nausea and vomiting.

Discussion

This study attempted to determine the effec-
tiveness of a non-selective cyclic nucleotide phos-
phodiesterase inhibitor, POF, in treating pulmonary
sarcoidosis. Twenty-seven subjects with mild to
moderate pulmonary sarcoidosis were randomized to
placebo or POF. In the primary analysis, no signif-
icant difference in primary endpoints was demon-
strated between the treatment arms. Consequently, a
post hoc analysis of the results was performed, which
demonstrated fewer flares in the POF-treated sub-
jects, RRR 54.9% (95% CI 0.21, 0.89), ARR was
50.6% (95% CI 0.22, 0.80), and NNT = 2. These re-
sults were corroborated by analyzing subjects who
remained in the trial for at least 6 months or more.
The mean prednisone usage was significantly lower
in the POF-treated group at 8 and 10 months
(p = 0.007 and 0.010), respectively. Overall, there
was a trend toward less prednisone use in the POF-
treated group (p = 0.053), based on cumulative
change analysis. In addition, there was a trend to-
ward a longer steroid-sparing period in the POF arm

(p = 0.07). Thus, the post hoc exploratory analysis
suggested that POF-treated subjects had fewer flares
and used less prednisone

Given the significant study limitations, such as
slow recruitment and the relatively high dropout/re-
moval rate in both arms, the apparent positive results
from this trial should be interpreted with caution,
since they were derived from a post hoc analysis,
which cannot be considered confirmatory. In this
setting, terminating the study before active partici-
pants completed the trial accentuated the attrition; 4
of 13 evaluable subjects in the placebo arm and 3 of
12 subjects in the POF arm were removed as a con-
sequence of the DSMB decision. Two of 13 (15.4%)
of POF-treated subjects withdrew prematurely be-
cause of side-effects (nausea and vomiting).

This current investigation may be compared to
two other trials. In one trial, 24 subjects taking cor-
ticosteroids were randomized to methotrexate or
placebo (38). Prednisone usage was significantly
less in the methotrexate arm compared to the place-
bo arm (p < 0.05) during the second six months of
the study. Similarly, in our study, in the POF treat-
ment group, there was a statistically significant re-
duction in prednisone dose at 8 and 10 months, but
not at 6 months, as determined by cumulative
change analysis. In another trial, 37 sarcoidosis sub-
jects were treated in an open-label fashion with
prednisone alone or orally administered cy-
closporine A with prednisone (39). No significant
difference in primary endpoint was demonstrated
between the two groups. In both the POF trial and
the cyclosporine trial, the same clinical endpoints
were utilized, that is, a 15% change from baseline in
FVC or FEV1; and, in both trials, clinical improve-
ment was defined as a significant increase in two
PFT parameters, or a significant improvement in
one PFT parameter and dyspnea score. Serial PFT
measurements are affected by age-related changes,
as well as random and systematic variation (40). In
light of this, the ATS has considered a 15% change
in FEV1 as significant (31); consequently, a 15%
change in FEV1 or FVC was used in this POF
study. Neither the cyclosporine study nor the POF
investigation demonstrated a significant difference
in the primary endpoint. With hindsight, the pri-
mary endpoint in our investigation may have been
too stringent, given that no previous study has doc-
umented such large changes in PFTs in this popu-
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lation. In a more recent trial, 138 subjects were ran-
domized to receive infliximab or placebo (41). A
2.5% increase from baseline in FVC percent pre-
dicted was observed in the infliximab group. Al-
though this was considered statistically significant
(p = 0.038), its clinical significance was unclear. In
the setting of a steroid taper, as in our study, it
might be difficult to demonstrate large increases in
PFT parameters, which, in addition, have not been
shown to be reliable clinical indicators of disease
progression or severity in patients with pulmonary
sarcoidosis. Taken together, the limitations of pul-
monary function tests underscore the need for bet-
ter metrics in this population.

The reason for the slow recruitment may have
been multifactorial; the lack of an accessible clinical
cohort appears to be the major cause. Developing a
registry and a natural history protocol may help pro-
vide a pool of well-characterized subjects. Collabo-
ration with extramural sites would likely facilitate re-
cruitment as well.

In conclusion, this post hoc analysis suggested
that POF reduced pulmonary sarcoidosis flares and
had a steroid-sparing effect. Although fairly mild,
the frequent gastrointestinal side-effects, at the dos-
es used, would likely limit the routine use of POF in
treating pulmonary sarcoidosis. While definitive
conclusions cannot be made in terms of POF effica-
cy in pulmonary sarcoidosis, this trial, despite its
shortcomings, was hypothesis generating, and pro-
vides a basis for using more specific, better-tolerated,
PDE inhibitors in future clinical investigations.
PDE4-selective inhibitors exhibit potent anti-in-
flammatory effects in preclinical and clinical studies,
and one such inhibitor, roflumilast, has demonstrat-
ed some clinical benefit in recent trials for treatment
of COPD (42) and asthma (43).

With respect to pulmonary sarcoidosis, no well-
established steroid-sparing regimen has been vali-
dated by a randomized, double-blind, placebo-con-
trolled clinical trial. Since steroids, the mainstay of
therapy, have numerous untoward side-effects, in-
cluding diabetes mellitus, hypertension, osteoporo-
sis, weight gain, and possible increased cardiovascu-
lar risk, alternative therapies are needed. From this
perspective, rigorous clinical trials are warranted to
determine whether novel anti-inflammatory agents
can provide steroid-sparing benefits and improve
therapeutic outcomes in patients with sarcoidosis.
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APPENDIX A: Dyspnea Determination

Classification and Scoring of Dyspnea

Modified Medical Research Council Dyspnea Scale (31) 

Severity Grade Description

0 Not troubled with breathlessness except with strenuous exercise

Mild 1 Troubled by shortness of breath when hurrying on the level or walking up a
slight hill

Moderate 2 Walks slower than people of the same age on the level because of 
breathlessness or has to stop for breath when walking at own pace on the
level

Severe 3 Stops for breath after walking about 100 yards or after a few minutes on 
the level

Very Severe 4 Too breathless to leave the house or breathless when dressing or undressing

The grade of dyspnea was determined by the response to the corresponding questions below, which were adapt-
ed from the American Medical Association ‘s Guides to the Evaluation of Permanent Impairment (30).

Question

Do you have to walk more slowly on the level than people of your age because of breathlessness?

Do you ever have to stop for breath when walking at your own pace?

Do you ever have to stop for breath after walking about 100 yards or for a few minutes on the level?

Are you too breathless to leave the house, or breathless after dressing or undressing?
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