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At the time of diagnosis, many sarcoidosis patients have no clinical indication for corticosteroid ther-
apy, and prognostic parameters predicting deterioration are missing. In the present study, we inves-
tigated parameters derived from bronchoalveolar lavage (BAL) and serum in 77 patients with re-
cently diagnosed sarcoidosis to test their predictive value. Patients were divided into a group with
(Group A, n 

 

5

 

 37) and a group without (Group B, n 

 

5

 

 40) indications for therapy, and the course of
the disease was evaluated after 5.7 

 

6

 

 0.4 mo. The CD4

 

1

 

/CD8

 

1

 

 lymphocyte ratio and percentage of
BAL lymphocytes were of no predictive value. Release of tumor necrosis factor-

 

a

 

 (TNF-

 

a

 

) from cul-
tured alveolar macrophages (AM) was significantly increased in both groups (Group A 

 

5

 

 1,872 

 

6

 

 428
pg/ml; Group B 

 

5

 

 1,561 

 

6

 

 449 pg/ml) as compared with controls (220 

 

6

 

 37 pg/ml). In Group B,
however, patients with a high level of TNF-

 

a

 

 release had a significantly greater risk of disease pro-
gression than did those with normal TNF-

 

a

 

 release (43.8% versus 8.3%, respectively). From the sero-
logic parameters investigated, consisting of neopterin, angiotensin converting enzyme (ACE), and
soluble interleukin-2 receptor (sIL-2R), only the last was of significant predictive value; 42.1% of sar-
coidosis patients in Group B with a high level of sIL-2R experienced disease progression, whereas
none of those with a normal level did. We conclude that TNF-

 

a

 

 release and sIL-2R are suitable param-
eters for predicting disease progression in sarcoid patients who have no indication for therapy at the
time of disease diagnosis. 
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Sarcoidosis is a systemic granulomatous disease of unknown
origin that is characterized by an accumulation of activated, pro-
liferating T lymphocytes and mononuclear phagocytes in the
involved organs, most commonly the lungs. Immunologic stud-
ies done with cells obtained by bronchoalveolar lavage (BAL)
have considerably improved our knowledge of the immuno-
pathogenesis of sarcoidosis (1, 2). Nowadays, the most widely
accepted hypothesis is that a T-helper cell/macrophage alveo-
litis in pulmonary sarcoidosis is caused by an unknown stimu-
lus activating alveolar macrophages (AM) and lymphocytes to
release mediators such as tumor necrosis factor-

 

a

 

 (TNF-

 

a

 

) (3)
and interleukin-2 (IL-2) (4), which subsequently recruit and
activate other inflammatory cells. A typical feature of pulmo-
nary sarcoidosis is an increase in the percentage of BAL lym-
phocytes with an accumulation of T-helper cells in the lung,
resulting in an increased CD4

 

1

 

/CD8

 

1

 

 ratio of BAL lymphocytes.
Although T-cell and mononuclear-cell activation is restricted

to the involved organs (4–6), sarcoidosis is regarded as a sys-
temic disease. This systemic nature of sarcoidosis is reflected
by the fact that it may involve most organ systems. Several se-
rum markers of sarcoidosis (e.g., neopterin [7], angiotensin-
converting enzyme [ACE] [8], and soluble IL-2 receptor (sIL-
2R) [9, 10]) exist and are used as staging parameters. Although
all of these parameters are closely related to the pathogenesis
of the disease, insufficient evidence is available about which of
them are suitable for predicting clinical deterioration.

The prognosis in sarcoidosis is relatively good, and in ap-
proximately 60% of patients a spontaneous remission can be
observed (11). However, other patients develop a progressive
form of the disease that may result in lung fibrosis and, even-
tually, death. Despite improved knowledge of the pathogene-
sis of sarcoidosis, its natural course is still unpredictable in an
individual patient. Therefore, prognostic parameters would be
very helpful for preventing severe organ damage in the dis-
ease.

The present study was designed to investigate BAL (per-
centage of BAL lymphocytes, CD4

 

1

 

/CD8

 

1

 

 lymphocyte ratio)
and serologic parameters (neopterin, ACE, and sIL-2R) in or-
der to identify those parameters that could be used to predict
disease progression in sarcoidosis. Since TNF-

 

a

 

 is thought to
play a key role as a mediator of inflammation in sarcoidosis,
we also tested whether the spontaneous release of TNF-

 

a

 

from cultured AM obtained from sarcoidosis patients could be
a useful parameter for predicting the course of the disease.
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METHODS

 

Study Population

 

The diagnosis of sarcoidosis was established in 77 patients in accor-
dance with previously defined criteria (1, 2), including noncaseating
granulomas identified by transbronchial biopsy. Special stains and cul-
tures for fungus or mycobacteria were negative in BAL fluid (BALF)
as well as in tissue specimens. None of the patients received therapy at
the time of investigation, nor had they within the previous 2 mo. For
the purpose of this prospective study, the patients were allocated to
two groups: patients with (Group A) or without (Group B) indica-
tions for prednisolone therapy. The two groups did not differ in age,
sex, or smoking history (p 

 

.

 

 0.2). The characteristics of the study pop-
ulation are summarized in Table 1. In most cases, pulmonary function
test results for periods of 3 to 6 mo were available from the referring
physicians at the time of BAL. Eight patients who directly sought the
service of our referral center were monitored for 3 to 6 mo unless
mandatory indications required immediate initiation of therapy. The
decision to treat was based on described clinical criteria (11) indicat-
ing manifestations of organ damage (i.e., progressive abnormalities in
pulmonary function test results or diffusing capacity of carbon dioxide
[D

 

LCO

 

]). In brief, sarcoid patients with evidence of deterioration of pul-
monary function during the 3 mo preceding the study, or with an ex-
trapulmonary manifestation requiring therapy (cardiac, neurologic, or
ophthalmic involvement or hypercalcemia) were treated with corticos-
teroids (Group A). The initial dosage was 40 to 50 mg prednisolone in
a single daily dose, reduced gradually every 4 wk to a maintenance
level of 10 to 15 mg over a period of 6 mo. Patients with no objective
evidence of deterioration in the 3 mo preceding the study, and with no

extrapulmonary manifestation of sarcoidosis requiring therapy, were
not treated but were closely monitored (Group B). Although 31 of 40 pa-
tients in Group B had signs of disease activity (e.g., cough or dyspnea,
impairment of lung function parameters, radiographic thoracic mani-
festations of sarcoidosis, or serologic signs of disease activity), they
were not treated because mandatory indications for corticosteroid ther-
apy were lacking (e.g., objective evidence of recent deterioration of
pulmonary function or extrapulmonary manifestations requiring ther-
apy). This finding supports the concept that functional immune pa-
rameters do not necessarily reflect the clinical status in sarcoidosis.
The monitoring rather than treatment of patients in Group B is in ac-
cord with recommendations of the third meeting of the World Associ-
ation of Sarcoidosis and Other Granulomatous Disorders (WASOG)
(12), that the extent of active disease needs to be distinguished from
the total organ damage. Furthermore, disease activity should not be
mistaken for a need to start corticosteroid therapy because active,
acute sarcoidosis resolves spontaneously in a high percentage of pa-
tients. Nevertheless, these patients need to be closely monitored be-
cause an ongoing immunologic process may result in disease progres-
sion requiring initiation of corticosteroid treatment.

 

Follow-up Study

 

In all, 77 patients included in the study had their lung-function param-
eters (i.e., VC, TLC, FEV

 

1

 

, D

 

LCO

 

, and Pa

 

O

 

2

 

) reevaluated after 5.7 

 

6

 

0.4 mo mean 

 

6

 

 SEM. For TLC and D

 

LCO

 

, a change of 10% from the
baseline value and for VC and FEV

 

1

 

 a change of 15% from the base-
line value was regarded as significant. For Pa

 

O

 

2

 

, a significant change
was defined as 

 

6

 

 15 mm Hg if the baseline values was 

 

.

 

 80 mm Hg;

 

TABLE 1

CHARACTERISTICS OF THE STUDY POPULATIONS

 

Parameter

Group A
Patients with

Indications for Therapy

Group B
Patients without

Indications for Therapy

n 37 40
Gender, male/female 20/17 24/16
Age, yr 45.2 

 

6

 

 2.4 41.8 

 

6

 

 1.7
Smoker/nonsmoker 2/35 3/37
Lung function parameters, % pred

VC 82.9 

 

6

 

 3.1 88.4 

 

6

 

 2.1
TLC 97.3 

 

6

 

 4.9 98.5 

 

6

 

 5.1
FEV

 

1

 

73.2 

 

6

 

 2.5 77.2 

 

6

 

 1.9
D

 

LCO

 

68.5 

 

6

 

 5.4 72.8 

 

6

 

 5.5
Pa

 

O2

 

77.9 

 

6

 

 1.6 81.3 

 

6

 

 2.0
Serologic parameters

sIL-2R, U/ml 1870 

 

6

 

 263 1274 

 

6

 

 216
Neopterin, nmol/L 21.0 

 

6

 

 4.5* 9.3 

 

6

 

 1.0*
ACE, U/L 25.4 

 

6

 

 2.7 22.2 

 

6

 

 2.2
Bronchoalveolar lavage
Cell types, %

Lymphocytes 19.1 

 

6

 

 2.3 17.1 

 

6

 

 2.1
Macrophages 78.8 

 

6

 

 2.5 81.6 

 

6

 

 2.1
Neutrophils 1.2 

 

6

 

 0.3 1.0 

 

6

 

 0.2
Lymphocyte subpopulations

CD4

 

1

 

/CD8

 

1

 

 ratio 3.1 

 

6

 

 0.6 3.6 

 

6

 

 0.5
HLA-DR

 

1

 

, % 11.8 

 

6

 

 0.8 12.3 

 

6

 

 1.5
IL-2-R

 

1

 

, % 4.9 

 

6

 

 0.8 3.9 

 

6

 

 0.5
Symptoms

Cough 16/37 10/40
Dyspnea on exertion 17/37 13/40
Dyspnea 8/37 7/40
Fever 2/37 2/40
Arthralgia 6/37 5/40
Erythema nodosum 1/37 1/40
Sicca syndrome 1/36 1/40

Course of disease, after 5.7 

 

6

 

 0.4 mo
Regressing 19/37 14/40
Stable 11/37 17/40
Progressing 7/37 9/40

* Significant difference between Group A and Group B (p 

 

5

 

 0.010).
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6

 

 10 mm Hg if the baseline value was 55 to 80 mm Hg; and 

 

6

 

 5 mm
Hg if the baseline value was 

 

,

 

 55 mm Hg. Progressive disease was de-
fined as a significant decrease in two of these parameters or a signifi-
cant change in one parameter accompanied by a compatible worsen-
ing in the level of dyspnea. Stable disease was defined as disease with
no change in pulmonary function or level of dyspnea. A change in one
parameter without a compatible change in dyspnea was also defined
as stable disease. Regressing disease was defined as either no change
in the level of dyspnea, accompanied by a significant improvement in
two or more parameters, or a significant improvement in one lung-
function parameter accompanied by a compatible improvement in the
dyspnea level (11). To detect these differences, only accurately per-
formed pulmonary function tests, fulfilling American Thoracic Soci-
ety (ATS) criteria (13, 14), were used to monitor the changes in lung
function. None of the patients exhibited signs of obstructive lung dis-
ease. In Group A a relapse was defined as deterioration during the ta-
pering of corticosteroids or within 3 mo after cessation of therapy. In
Group B a deterioration that occurred within 6 mo after BAL was re-
garded as progressive disease.

 

Serologic Parameters

 

Neopterin was evaluated with a commercially available radioimmu-
noassay (RIA) kit (Henning, Berlin, Germany). The 95% normal
range in our control group of 25 healthy volunteers was 2.3 to 9.8
nmol/L (median: 5.2 nmol/L), which was in accordance with the data
given by the manufacturer. Values of neopterin greater than 9.8 nmol/L
were regarded as high. Serum ACE was determined photometrically
with a commercially available kit (ACE Colour Test; Fuijrebio, To-
kyo). The 95% normal range in our control group was 8 to 23.5 U/L;
values exceeding 23.5 U/L were regarded as high. sIL-2R was mea-
sured with a sandwich enzyme-linked immunosorbent assay (ELISA)
employing two monoclonal antibodies directed against different epitopes
of IL-2R (DPC; Biermann, Bad Nauheim, Germany). The 95% nor-
mal range in the serum of 50 healthy volunteers was 99 to 919 U/ml
(median: 583 U/ml), which was in accordance with the data supplied
by the manufacturer. Values greater than 1,000 U/L were regarded
as high.

 

BAL and Preparation of Lung Mononuclear Cells

 

Bronchoscopy and BAL were performed as previously described (1).
In brief, 200 to 300 ml of sterile saline (0.9% NaCl) were instilled into
a lingula or middle-lobe segment in 25-ml aliquots. Each aliquot was
immediately aspirated. Recovery was 63.1 

 

6

 

 1.9% in Group A (ther-
apy) and 64.2 

 

6

 

 2.0% in Group B (no therapy). Cell differential
counts were done on Cytospin preparations of at least 200 cells (Cyto-
spin II; Shandon Instruments, Sewickley, PA). For immunoperoxidase
staining, cells were fixed on poly-L-lysine-coated slides (Bio-Rad,
Munich, Germany) and developed with a peroxidase–antiperoxidase
(PAP) technique (15), using monoclonal antibodies against CD4,
CD8, IL-2R (Ortho Diagnostic Systems; Neckargemünd, Germany)
and human leukocyte antigen-DR (HLA-DR) (Becton Dickinson,
Heidelberg, Germany). In accordance with the results of the BAL Co-
operative Group Steering Committee (16), BAL lymphocyte counts
of more than 15% and a CD4

 

1

 

/CD8

 

1

 

 lymphocyte ratio of more than
3.5 were regarded as elevated.

 

Cell Culture and TNF-

 

a

 

 Assay

 

Freshly isolated BAL immune cells were cultured without any stimuli
at a density of 10

 

6

 

 cells/ml over a period of 24 h in endotoxin-free
RPMI 1640 medium (Seromed, Berlin, Germany) supplemented with
2% human AB serum (kindly provided by the Blutbank Lütjensee,
Lütjensee, Germany), 2 mM L-glutamine, 100 U/ml penicillin, and 100

 

m

 

g streptomycin (all from GIBCO, Wiesbaden, Germany) in a humid-
ified 5% CO

 

2

 

 atmosphere at 37

 

8

 

 C. At the end of the culture period
the supernatants were harvested and stored at 

 

2

 

70

 

8

 

 C until assayed
for TNF-

 

a

 

. The viability of the cells after culture always exceeded
95% as determined by trypan blue exclusion.

TNF-

 

a

 

 in cell culture supernatants was measured with a previously
described ELISA (17), with slight modifications (3). Antibodies to re-
combinant human TNF-

 

a

 

 (

 

a

 

-rhTNF

 

a

 

, clone 195) were kindly pro-
vided by Dr. E. Schlick of Knoll AG, Ludwigshafen, Germany. It was
demonstrated for a wide range of TNF-

 

a

 

 concentrations released by

AM either spontaneously or after 

 

in vitro

 

 stimulation that the TNF-

 

a

 

content of the supernatants as measured by ELISA correlated with the
bioactivity measured with the L-cell assay (r

 

s

 

 

 

5

 

 0.85; p 

 

,

 

 0.001; n 

 

5

 

23; range: 20 to 5,000 pg/ml; data not shown). The TNF-

 

a

 

 level of our
control group of 20 patients who underwent bronchoscopy for diag-
nostic reasons and who were retrospectively free of any inflammatory
or malignant lung disease was 220 

 

6

 

 37 pg/ml (range: 0 to 589 pg/ml,
median: 218 pg/ml; Figure 1). For the purpose of this study, TNF-

 

a

 

values of more than 600 pg/ml were regarded as elevated.

 

Statistical Analysis

 

Data are expressed as mean 

 

6

 

 SEM. Comparisons were made with
the Mann–Whitney U-test. Differences between the groups were eval-
uated with the chi-square test. Correlations between different param-
eters were determined with Spearman’s rank correlation coefficient.
Values of p 

 

,

 

 0.05 were regarded as significant.

 

RESULTS

 

Comparison of Clinical Features of the
Two Study Groups

 

The 77 patients included in this study were divided into two
groups: Group A (n 

 

5

 

 37) with indications for prednisolone
therapy at the time of BAL, and Group B (n 

 

5

 

 40) with no in-
dications for therapy. The groups did not differ significantly in
age, gender, smoking history, or lung function (Table 1). Nev-
ertheless, the VC, FEV

 

1

 

, D

 

LCO

 

, and Pa

 

O2

 

 were lower in Group
A, with indications for therapy. Interestingly, we observed the
same trends as Hunninghake and coworkers (11) when subdi-
viding the initial pulmonary function tests according to the fur-
ther course of disease. In Group A, patients who improved
with therapy tended to have a lower initial VC, FEV

 

1

 

, and
D

 

LCO

 

 than those remaining stable, although this difference
was not statistically significant (data not shown). In Group B,
those patients who deteriorated as a group tended to have
poorer initial pulmonary function. This difference was close to
statistical significance when these patients were compared with
patients who improved (VC: p 

 

5

 

 0.07; TLC: p 

 

5

 

 0.08; FEV

 

1

 

:
p 

 

5

 

 0.09; data not shown). The observed changes in lung func-
tion at follow-up, subdivided according to patients’ clinical
outcome are shown in Table 2. Those patients who deterio-

Figure 1. Spontaneous release of TNF-a by cultured BAL cells of
controls and sarcoid patients. The mean is indicated by a hori-
zontal bar and the normal range of TNF-a release defined by the
control group by the shaded area. Both study groups differ signifi-
cantly (p , 0.005) from the control group, as indicated by aster-
isks.
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rated in Group A and B had significantly lower pulmonary
function parameters than those who improved, and in part
also when compared with those who remained stable.

The vast majority of patients (89.6%) had radiographic
thoracic manifestations of sarcoidosis (Table 3). There were
significantly more patients with Stage 0 and Stage I disease in
Group B, with no indication for therapy (65% versus 37.8% in
Group A; p , 0.05), and considerably more patients with
Stage II disease in Group A (40.5% versus 20%). The sarcoi-
dosis patients in our study population who deteriorated had
disease of more advanced radiologic stages, resembling the
data presented by Hunninghake and coworkers (11). The ma-
jority of patients suffered from symptoms attributable to their
disease. Cough (43.2% versus 25%, p 5 n.s.) and dyspnea on
exertion (46% versus 32.5%, p 5 n.s.) were more frequent in
Group A, whereas the expression of other symptoms did not
differ between the two groups.

Evaluation of BAL and Serologic Parameters

In Group A, a slight increase in BAL lymphocytes could be
noted, whereas the CD41/CD81 lymphocyte ratio was higher
in Group B (Table 1). The numbers of HLA-DR-positive cells
did not differ between the two groups, but IL-2R-positive cells
were slightly more numerous in Group A. None of these dif-
ferences was of statistical significance.

The spontaneous release of TNF-a by cultured BAL im-
mune cells is shown in Figure 1. It was insignificantly greater
in Group A (1,872 6 428 pg/ml) than in Group B (1,561 6 449
pg/ml), but in both groups differed significantly from that in
the control group (220 6 37 pg/ml, p , 0.005).

The serum levels of neopterin were significantly higher in
Group A than in Group B (21.0 6 4.5 nmol/L versus 9.3 6 1.0
nmol/L, p 5 0.010; Table 1). The ACE value was slightly in-
creased in Group A (25.4 6 2.7 U/L versus 22.2 6 2.2 U/L, p 5

n.s.) as was the serum level of sIL-2R (1,870 6 263 U/ml versus
1,274 6 216 U/ml, p 5 n.s.).

Correlations Between BAL and Serologic Parameters

Since both TNF-a and neopterin are regarded as markers of
macrophage/monocyte activation, we were interested in whether
there was a correlation between the TNF-a spontaneously re-
leased by AM and the serum neopterin level in our study pop-
ulation. Neither in Group A (p . 0.5, rs 5 20.01) nor in
Group B (p . 0.3, rs 5 20.16) could a correlation be estab-
lished. There was no correlation between the serum sIL-2R
level and the percentage of IL-2R-positive lymphocytes (LY)
in either group (Group A: p 5 0.17, rs 5 0.28; Group B: p .
0.5, rs 5 20.09). The other correlations between the investi-
gated BAL and serologic parameters yielded no significant re-
sults (data not shown). The serum levels of sIL-2R and of
ACE showed no correlation with each other (Group A: p 5
0.27, rs 5 0.21; Group B: p 5 0.22, rs 5 0.22).

Prognostic Parameters

In Group A, seven of 37 patients (18.9%) had a relapse. Four
of them (10.8%) worsened during tapering of corticosteroids
and required an increased dosage and prolonged treatment.
The others deteriorated within 3 mo after cessation of corti-
costeroid treatment and required reinitiation of therapy. In
Group B, nine of 40 patients (22.5%) had disease progression
within 6 mo after BAL and required initiation of corticoster-
oid therapy. To seek markers that could be of prognostic value
for predicting disease progression, we evaluated the BAL
(Figure 2) and serologic parameters (Figure 3) named earlier,
in correlation with the occurrence of disease progression. For
this purpose the sarcoidosis patients were divided into sub-
groups with elevated (“high”; Figures 2 and 3, dark bars) or
normal (“normal”; Figures 2 and 3, light bars) levels of the in-
vestigated parameters.

In Group A, 25.0% of the patients with increased produc-
tion of TNF-a, in comparison with only 7.7% of those with
normal levels of TNF-a, experienced a relapse (p 5 n.s.). In
Group B, 43.8% of the patients with high levels of TNF-a had
disease progression within 6 mo after BAL, whereas only 8.3%
of those patients with normal TNF-a levels did so. This differ-
ence is statistically significant (p 5 0.025). Consequently, those
patients in Group B who deteriorated showed a significantly
greater TNF-a release by AM (3,725 6 1,506 pg/ml) than
those who remained stable or improved (933 6 323 pg/ml, p ,
0.05). In Group A, the TNF-a release by AM was increased to
a similar extent in both of these different clinical-outcome
subgroups (1,682 6 712 pg/ml and 1,916 6 505 pg/ml, respec-
tively). The cytologic BAL parameters investigated in the
study disclosed no significant differences, but there was a

TABLE 2

PULMONARY FUNCTION TESTS AND PaO2 OF THE STUDY GROUPS AT FOLLOW-UP,
SUBDIVIDED ACCORDING TO CLINICAL OUTCOME

Group A Group B

Deteriorated Stable Improved Deteriorated Stable Improved

n 7 11 19 9 17 14
VC, % pred 69.0 6 7.2* 82.7 6 7.1 90.8 6 4.8 68.1 6 5.8†§ 89.5 6 4.7 100.2 6 4.1
TLC, % pred 84.3 6 12.3 93.8 6 6.8 100.5 6 5.8 78.3 6 7.8* 95.6 6 9.4 108.7 6 6.7
FEV1, % pred 56.3 6 5.6* 77.3 6 7.5 80.1 6 4.5 61.7 6 5.2†§ 80.9 6 3.4 90.3 6 3.4
DLCO, % pred 54.5 6 2.6† 71.2 6 8.5 76.8 6 5.2 57.3 6 11.8* 74.6 6 3.9 83.5 6 4.0
PaO2, mm Hg 64.6 6 1.3†§ 78.8 6 2.1 84.6 6 3.1 65.2 6 2.3†§ 80.8 6 4.0 87.3 6 3.6

* p , 0.05.
† p , 0.01 compared with those who improved.
§ p , 0.05 compared with those remaining stable.

TABLE 3

CHEST RADIOGRAPH AT PRESENTATION

0 I II III IV

Group A, with indication for therapy, n 5 37 2 12 15 7 1
Relapse* 0 1 2 3 1
Group B, without indication for therapy, n 5 40 6 20 8 6 0
Progressive disease† 0 2 4 3 0

Stage 0 5 normal chest radiograph. Stage I 5 bihilar lymphadenopathy. Stage II 5
bihilar lymphadenopathy and pulmonary infiltration. Stage III 5 pulmonary infiltration
alone. Stage IV 5 pulmonary fibrosis.

* Relapse was defined as deterioration during tapering of steroids or within 3 mo af-
ter cessation of therapy.

† Progressive disease was defined as deterioration requiring initiation of therapy
within 6 mo after BAL.
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slightly reduced risk of relapse in those patients with a high
percentage of BAL lymphocytes (12.5% [high] versus 23.8%
[normal]) or a high CD41/CD81 lymphocyte ratio (0% [high]
versus 16% [normal]) in Group A. Thus, neither the CD41/
CD81 lymphocyte ratio nor the percentage of lymphocytes
seem to be suited to the prediction of relapse or disease pro-
gression in sarcoidosis.

The most striking result with regard to the serological pa-
rameters examined in the study (Figure 3) is the fact that
42.1% of the patients in Group B who had a high sIL-2R con-
centration experienced disease progression, whereas none
with a normal serum level of sIL-2R did. This difference is sta-
tistically significant (p 5 0.017). Consequently, the initial se-
rum sIL-2R was significantly elevated in those patients in
Group B who deteriorated (2,289 6 712 U/ml), as compared
with showing normal values in those patients who remained
stable or improved (936 6 113 U/ml, p , 0.01). In Group A
there were no significant differences between the initial serum
sIL-2R and the clinical outcome because both subgroups had
similar values (1,456 6 584 U/ml and 1,939 6 293 U/ml, re-
spectively). Nevertheless, 19.0% of patients with high but only
11.1% of those with normal levels of sIL-2R had a relapse.
The analysis of the other serologic parameters revealed no sig-
nificant differences, but there was a trend toward a greater
risk of a relapse or disease progression in those sarcoidosis pa-
tients with a high neopterin value (23.8% versus 8.3% in Group
A and 36.4% versus 15.4% in Group B). The analysis of ACE
levels yielded no correlation with the course of the disease.

DISCUSSION

The aim of the present study was to evaluate the predictive
value of BAL and serum markers in patients with newly diag-

nosed sarcoidosis. We focused our interest on those patients
who had no indication for corticosteroid treatment at the time
of BAL (Group B), because for this group such parameters
could be extremely helpful in determining the correct time
point for initiation of therapy. We compared these patients
with those who had received therapy according to generally ac-
cepted clinical criteria after BAL [11] (Group A). Both groups
were subdivided into patients with high and those with normal
levels of the chosen parameters in order to enable the evalua-
tion of their predictive value.

In our study population we were able to demonstrate that
patients with no indication for therapy (Group B) but with
high levels of AM TNF-a release had a significantly greater risk
of disease progression than those with normal TNF-a produc-
tion. The sarcoidosis patients with indications for therapy and
high levels of TNF-a release also had a higher risk of relapse,
although this trend was not statistically significant. This obser-
vation is in accordance with earlier findings (3, 18, 19) that
AM of patients with active sarcoidosis spontaneously release
greater amounts of TNF-a than those of patients with inactive
disease. In our study population, 24 of 37 patients (64.9%)
with indications for therapy (Group A) had increased TNF-a
production, whereas in Group B only 16 of 40 patients (40%)
showed an exaggerated release of this cytokine. However, in
those patients with no clinical indication for therapy at the time
of diagnosis, this parameter can serve as a prognostic guide,
helping to identify a subgroup of patients with a significantly
greater risk of deterioration in the following 6 mo (Figures 1
and 2). Our results corroborate earlier findings (12) demon-
strating that functional immune parameters and clinical status
may dissociate at the time of observation. In addition, we were
able to demonstrate with this prospective study that disease
activity in sarcoidosis, as reflected by exaggerated AM TNF-a
release, may predict the likelihood of disease progression in
those patients without mandatory indications for therapy at
the time of their presentation.

In a retrospective study, Pueringer and associates (20)
compared TNF-a, IL-2, and prostaglandin E2 (PGE2) produc-
tion by AM with the clinical status and course of sarcoidosis

Figure 2. Cytologic and functional BAL parameters. Sarcoidosis
patients with indications for therapy (Group A) and without indi-
cations for therapy (Group B) were divided into subgroups either
with high (dark bars) or normal (light bars) levels of the investi-
gated parameters. Relapses during tapering of corticosteroids or
after cessation of therapy in Group A, or progressive disease re-
quiring therapy in Group B, served as endpoints as determined by
a follow-up, and are given as a percentage on the ordinate. The
numbers of relapses or of cases of progressive disease within the
total number of patients in each subgroup is given at the tops of
the bars. Group B patients with high levels of spontaneous TNF-a
release by AM had a significantly greater risk of disease progres-
sion (*p 5 0.025) than those with normal TNF-a values. In Group
A, a high level of TNF-a release was also associated with a higher
risk of relapse, although this was not statistically significant (p 5 0.4).

Figure 3. Serologic parameters. Patients were grouped and evalu-
ated as described in the legend for Figure 2. Sarcoidosis patients
with no indication for therapy (Group B) and high levels of sIL-2R
had a significantly greater risk of disease progression (*p 5 0.017)
than those with a normal sIL-2R level. In both groups, patients
with a high serum level of neopterin had a greater risk of relapse or
disease progression, although this difference was not statistically
significant (Group A: p 5 0.5; Group B: p 5 0.3).
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during the 3 mo preceding BAL, and could not demonstrate a
correlation between those functional immune parameters and
any clinical finding. However, we were recently able to show
that increased release of transforming growth factor-b (TGF-b)
by AM is predictive for spontaneous remission in untreated
patients (21). Moreover, increased IL-2 release by BAL cells,
in combination with an increased percentage of BAL lympho-
cytes, denotes to some extent a future deterioration of pulmo-
nary function (22). These findings indicate that functional im-
mune parameters such as cytokine release may be able to
predict the future course of sarcoidosis, instead of describing
the patient’s present or past clinical status. The observation of
heterogeneous AM TNF-a release in study groups with active
and/or inactive disease (3, 20), with a good prognosis (21), and
with or without therapy (20) led us to conduct the present
study correlating this functional immune parameter with the
course of sarcoidosis after diagnosis. As expected, Group A and
Group B did not differ in TNF-a release (Figure 1). Within
the groups, however, increased TNF-a release marked clinical
courses with a higher risk of relapse in Group A and signifi-
cantly higher risk of deterioration requiring therapy in Group
B (Figure 2). Thus, the analysis of AM cytokine release can
help to identify subgroups of sarcoidosis patients with differ-
ent risk patterns for deterioration or failure of therapy. This
information cannot be extracted from lung function tests (Ta-
ble 1), as observed previously by other groups (20, 23). We sug-
gest that this subgroup of sarcoidosis patients should be more
closely monitored in order to prevent severe organ damage.

The role of the CD41/CD81 lymphocyte ratio as a prognos-
tic marker in sarcoidosis is still a controversial topic. Some au-
thors (24) claim that a high-intensity T-cell alveolitis indicates
poor prognosis and functional deterioration. In contrast, oth-
ers (25, 26) found a high CD41/CD81 lymphocyte ratio to be
an indicator of good prognosis. Several investigators have fo-
cused their interest on the prognostic value of the BAL lym-
phocyte percentage and have obtained divergent results. Some
suggest that an intensive lymphocitic alveolitis indicated by a
high percentage of BAL lymphocytes predicts functional dete-
rioration (27), whereas others suggest that high lymphocyte
counts may herald an alleviation of the disease (25, 26). Hol-
linger and colleagues demonstrated that a very high percent-
age of BAL lymphocytes (. 35%) predicts a good steroid
response (28). In our study as well as in others (24), neither
the lymphocyte count nor the CD41/CD81 lymphocyte ratio
yielded any prognostic information. We propose that the dis-
parity in the findings of the different studies may at least in
part be due to racial and sampling differences among the pa-
tients (29), which influence the mode of presentation of sar-
coidosis, leading to differences in the immunologic character-
istics of study groups.

Considering the serum levels of neopterin, ACE, and sIL-
2R, only the latter was of significant prognostic value. In our
study group, 42.1% of the sarcoidosis patients with no indica-
tion for therapy and increased serum levels of sIL-2R experi-
enced disease progression, whereas none of those with normal
serum levels did. Consequently, those untreated patients who
deteriorated had a significantly increased initial serum level of
sIL-2R as a group, whereas those who remained stable or im-
proved had normal values. In Group A, both of the two clini-
cal-outcome subgroups had an increased initial sIL-2R. Al-
though it was not significant, a similar trend toward a higher
risk of relapse in patients with a high sIL-2R could be ob-
served in those patients with indications for therapy (Figure
3). These findings are in accordance with previous findings
(30) that patients with active sarcoidosis have significantly
higher values of sIL-2R than those with dormant or inactive

disease. In addition, our study revealed that patients without
mandatory indications for therapy at presentation, but with
increased serum sIL-2R concentrations, have a significantly
greater risk of disease progression. In contrast to previously
published results (30, 31), we could not demonstrate a positive
correlation between serum sIL-2R and ACE, corroborating
earlier findings by our group (32). On the basis of our data, it
can be concluded that the measurement of sIL-2R cannot be
replaced by that of ACE, and that sIL-2R is a prognostic se-
rum marker for the spontaneous course of sarcoidosis and
may even guide therapeutic interventions.

The predictive values of serum neopterin and ACE are still
under consideration; although some investigators suggest that
a rising ACE level can predict radiographic relapses of sarcoi-
dosis (33), others have demonstrated that ACE does not ap-
pear to be of great prognostic value (34, 35). In our study
ACE did not yield prognostic information. Interestingly, pa-
tients in both Group A and Group B who had a high serum
level of neopterin had a greater risk of deterioration, although
this difference did not reach statistical significance. Both se-
rum neopterin concentration and AM TNF-a reflect the acti-
vation of cells of the macrophage/monocyte lineage. Therefore
a correlation between these parameters could have been ex-
pected, but was not found. This indicates that an increased
neopterin level is not due to the activation of AM, but rather
to that of cells in other compartments of the body. Thus, TNF-a
measurement in tissue-culture supernatants cannot be replaced
by measurement of serum neopterin.

In conclusion, we have been able to demonstrate that sar-
coidosis patients with no clinical indication for prednisolone
therapy at the time of diagnosis, and with high levels of spon-
taneously released AM TNF-a, have a significantly increased
risk of disease progression. We conclude that this parameter,
obtained by BAL, not only reflects the activity of sarcoidosis
but is also useful for predicting the future course of the dis-
ease. Additionally, we report that patients with no indication
for therapy and high levels of sIL-2R also have a significantly
greater risk of deterioration. It is important to mention that a
sole increase in one of these parameters is no indication for
corticosteroid therapy. However, we propose that this group
of patients should be closely monitored in order to detect on-
going disease progression as early as possible, in order to pre-
vent functional deterioration. Whereas the measurement of
TNF-a release in a cell-culture system is at present only suit-
able for a few centers, the serum marker sIL-2R can be easily
used to detect the subgroup of patients with a significantly
greater risk of progression of sarcoidosis.
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