
Introduction

The lung is the most frequently affected organ
in sarcoidosis (1, 2). The characteristic non caseating
epitheloid cell granuloma can be found in intra tho-

racic lymph nodes as well as the lung parenchyma.
Thoracic involvement of sarcoidosis is reflected by
conventional chest radiography and can be classified
into five stages. Stage 0 is defined as normal, stage I
disease as bihilar lymphadenopathy, stage II as bihi-
lar lymphadenopathy combined with parenchymal
involvement, stage III as exclusive parenchymal in-
volvement and stage IV as fibrosis (3). Each radio-
logical stage correlates with a certain spontaneous
remission rate of sarcoidosis. The higher the stage,
the lower the spontaneous recovery rate (4).

Pulmonary function tests (PFT) may be abnor-
mal in sarcoidosis, particularly the diffusion capacity
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of the lung for carbon monoxide (5). Remarkably,
PFT does not correlate with the radiographic abnor-
malities. Abnormal PFT can be found in patients
without parenchymal involvement and vice versa (6).
However, serial PFT is suggested to be used in moni-
toring disease progression (6). PFT reflects the actual
involvement of pulmonary tissue. Therefore, the dis-
ease needs to progress first before it becomes evident.
A tool, adequately assessing the actual presence of ac-
tive pulmonary disease, might be desirable since active
sarcoidosis may require therapeutic intervention.

Fluor-18 fluorodeoxyglucose (18F-FDG) PET
is an in vivo imaging technique and has proven to be
useful in depicting sarcoidosis activity (7-9). Howev-
er, 18F-FDG PET with regard to clinical outcome
has not been evaluated yet. This study was per-
formed to evaluate the significance of parenchymal
activity with regard to future pulmonary function.

Methods

Patients

In this retrospective cohort study, 49 consecutive
patients with newly diagnosed and histologically
proven sarcoidosis were evaluated. The patients were
seen at the department of pulmonology of the St. An-
tonius Hospital between January 2004 and December
2009. The diagnosis of sarcoidosis was based on clin-
ical findings, supported by histological evidence and
after the exclusion of other known causes of granulo-
matosis in accordance with the consensus statement
on sarcoidosis of the ATS/ERS/WASOG (1).

Patients underwent PFT and 18F-FDG PET as
part of their routine analysis, and none of them used
immunosuppressive treatment. Patients were
grouped based on the results of 18F-FDG PET with
regard to lung parenchymal activity. Group A con-
sisted of patients with diffusely increased metabolic
activity in the lung parenchyma without the use of
corticosteroids or immunosuppressive drugs during
follow-up. Patients in group B showed diffuse
parenchymal activity and received corticosteroids or
immunosuppressive drugs after 18F-FDG PET was
performed. The pulmonologist decided whether
treatment was indicated, based on a combination of
symptoms, clinical findings, PFT, serological mark-
ers and 18F-FDG PET.

Group C was the control group, consisting of
patients with increased metabolic activity in the me-
diastinum and hila but without activity in the lung
parenchyma. These patients did not receive treatment
during follow-up. Chest radiographic stage according
to Scadding was evaluated (3). This study was ap-
proved by the local medical ethical committee.

Serum markers

ACE and sIL-2R were analyzed and compared
between the groups. ACE level was considered posi-
tive or negative in accordance with genotype correct-
ed reference values. A for genotype corrected ACE
was calculated and expressed as Z-score (10). Serum
sIL-2R above 700 U/ml was considered increased.

Pulmonary Function Tests

VC, FEV1 and DLCO were evaluated at base-
line, i.e. at the time 18F-FDG PET was performed,
and after one year follow-up. For follow-up, a time
interval of 10-14 months was allowed. In patients
requiring prednisone or immunosuppressive drugs
before follow-up was completed, PFT performed at
that time was used as follow-up.

Absolute change in percentage of predicted VC,
FEV1 and DLCO was calculated per group and cor-
rected for the time of inclusion. Spirometry was per-
formed in accordance with the guidelines provided
by the ERS (11-13). DLCO was corrected for the
hemoglobin concentration. VC, FEV1 and DLCO
were determined by using a MS-PFT analyzer unit
( Jaeger, Würzburg, Germany).

18F-FDG PET

The patient fasted for at least six hours and be-
fore the intravenous injection of 18F-FDG, 5 mil-
ligram of diazepam was administered to reduce mus-
cle activity and accumulation of 18F-FDG in brown
fat. In order to reduce radiation exposure and acceler-
ate 18F-FDG excretion by the kidneys, 20 milligrams
of furosemide was injected intravenously. Subse-
quently, 295-400 MBq 18F-FDG (Covidien, Petten,
the Netherlands) was administered intravenously, de-
pending on the patients’ body weight. PET was per-
formed using the Philips Allegro PET system with
external Cesium-137 source for transmission scan-
ning (Philips Medical Systems, Eindhoven, the
Netherlands). Sixty minutes after administration of
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18F-FDG, transmission scan was started with a trans-
mission time of 23 seconds per bed position. Emis-
sion scan was performed from the subinguinal region
to the head with an acquisition time of three minutes
per bed position. Reconstruction was performed in
accordance with the 3D-RAMLA protocol applying
4 iterations with a 144 x 144 matrix (14).

Two experienced, independent nuclear medi-
cine physicians interpreted 18F-FDG PET. Diffuse-
ly affected lung parenchyma was present when at
least two third of the lung parenchyma showed an
increased metabolic activity. The degree of increased
metabolic activity may vary but needed to be higher
than the mediastinal background, i.e. the blood
pool. Maximum Standardized Uptake Value
(SUVmax) was calculated in the mediastinum/hilar
region as well as in the lung parenchyma. Regions of
interest (ROI) were drawn over the visually affected
part of the organ to measure SUVmax by an automat-
ic ROI drawing program provided by Hermes Di-
agnostics.

Statistical analysis

Continuous data were expressed as mean values
± SD or median (interquartile range) where appro-
priate. Categorical data were analyzed by chi-square

and continuous data by ANOVA with a Tukey HSD
post hoc test were appropriate. Changes in VC,
FEV1 and DLCO were normalized per time unit
(months) and expressed as percentage predicted. The
Kruskal-Wallis test was used to assess ACE values
between the groups with an additional Mann-Whit-
ney test. To assess the predictive value of the PET
stage, SUVmax , ACE and sIL-2R, ANOVA with a
LSD post hoc test was performed. The statistical
evaluation was performed using SPSS 16.0 for Win-
dows (SPSS Inc, Chicago, IL, USA).

Results

Patients

Of the 49 analyzed patients, 5 patients with ex-
clusive mediastinal/hilar activity were lost to follow-
up. Control PFT was performed in these patients
but the time interval was less than 12 months. One
patient with diffuse parenchymal activity on
18F-FDG PET and prednison was excluded because
of a severe pneumonia with prolonged pulmonary de-
terioration. Therefore, 43 patients were included in
this analysis. Group A consisted of 11 patients and
group B and C of 16 patients each. In Table 1, base-

Table 1. Patient characteristics at baseline

Group A Group B Group C
Parenchymal activity, Parenchymal activity, No parenchymal activity

untreated treated

Number of patients n = 11 n = 16 n = 16
Age 43.2 ± 9.5 40.8 ± 11.0 46.1 ± 11.6
Female sex (%) 5 (46%) 7 (44%) 4 (25%)
Chest radiography 2.1 ± 0.3 2.4 ± 0.8 1.5 ± 0.9

Stage 0 0 0 1
Stage I 0 1 9
Stage II/III 11 13 6
Stage IV 0 2 0

PFT
VC 89.0 ± 17.9 80.4 ± 18.4 102.1 ± 12.0
FEV1 86.9 ± 15.7 72.1 ± 21.5 94.0 ± 11.2
DLCO 80.7 ± 13.8 64.6 ± 9.5 * 87.0 ± 14.4

ACE Z-score 1.6 (0.8-3.0) 3.4 (2.4-9.6) † 1.1 (0.2-1.7)
sIL-2R 810 ± 278 1603 ± 893 † 1001 ± 657
SUVmax mediastinum/hila 5.7 ± 2.1 5.7 ± 2.8 10.2 ± 7.6
SUVmax lung parenchyma 6.9 ± 3.3 7.2 ± 3.2 1.2 ± 0.3

Data are presented as the mean ± SD or median (interquartile range). Pulmonary function tests (PFT) are presented as the percentage pre-
dicted. VC = vital capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusion capacity of the lung for carbon monoxide, ACE
Z-score = angiotension converting enzyme corrected for genotype, sIL-2R = soluble interleukin-2 receptor.
Group A vs. B: * = p < 0.01 and † = p < 0.05
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line characteristics of the 43 sarcoidosis patients are
summarized. In all patients, histological confirmation
of sarcoidosis was obtained within 2.7 weeks (range
0-11 weeks) of 18F-FDG PET. In group A, 4 patients
required immunosuppressive drugs before the follow-
up of 12 months was completed. In the control
group, no immunosuppressive drugs were started.

According to the chest radiographic stages,
there was one patient with stage 0 disease. In 10 pa-
tients, sarcoidosis was limited to hilar lymph nodes
(stage I) and 30 patients did have parenchymal ab-
normalities (stage II/III). Two patients had signs of
fibrosis (stage IV). All patients in group A and B
showed a radiographic stage of ≥ 2, except one. Con-
sequently, 6 patients in group C showed a radi-
ographic stage of ≥ 2. The radiographic stages per
group are demonstrated in Table 1.

Overall, ACE was increased in 23 patients
(54%) and sIL-2R was increased in 27 patients
(63%). In group A, both ACE and sIL-2R were in-
creased in 5 patients (45%). In group B, ACE and
sIL-2R was increased in 14 patients (88%) and 13
patients (81%), respectively. In group C, increased
ACE was present in 4 patients (25%) and increased
sIL-2R in 9 (56%) patients. ACE and sIL-2R dif-
fered between the groups (p < 0.001 and p < 0.05, re-
spectively) with a significant difference for both pa-
rameters between group A and B (both p < 0.05).

Patients in group B received therapy, based on
progressive (pulmonary) symptoms combined with
severe impaired baseline PFT in 10 patients. Extra
pulmonary disease requiring therapy was present in
three patients and hypercalcaemia in one. One pa-
tient demonstrated severe endobronchial involve-
ment. Chest radiography revealed signs of fibrosis in
two patients. In these patients, therapy was started
because of the symptoms combined with increased
serum markers.

18F-FDG PET

Group A consisted of 11 patients. In 8 patients
(73%), extra pulmonary lesions were found. SUVmax

was 5.7 (± 2.1) in the mediastinum/hilar region and
6.9 (± 3.3) in the lung parenchyma. Group B con-
sisted of 16 patients. Extra pulmonary lesions were
found in 15 patients (94%). The difference in extra
pulmonary findings between group A and B was not
significant (p = 0.13). SUVmax was 5.7 (± 2.8) in the

Fig. 1. 18F-FDG PET demonstrating diffuse metabolic activity in
the lung parenchyma. Furthermore, increased activity is seen in
lymph nodes in the hila, mediastinum and extra pulmonary re-
gions. Eight months after 18F-FDG PET was performed, VC,
FEV1 and DLCO showed a decrease of 10%, 8% and 15%, re-
spectively.
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mediastinum/hilar region and 7.2 (± 3.2) in the lung
parenchyma. Group C consisted of 16 patients and
extra pulmonary lesions were found in 8 (50%). SU-
Vmax was 10.2 (± 7.6) in the mediastinum/hilar region
and 1.2 (± 0.3) in the lung parenchyma.

SUVmax in the lung parenchyma differed be-
tween the groups (p < 0.01), but not between group
A and B (p = 0.87). No differences were found in
SUVmax of the mediastinum/hila between the groups
(p = 0.14). In Figure 1, 18F-FDG PET of a patient in
group A is shown.

Pulmonary function tests

Baseline PFT was performed within 2 weeks of
18F-FDG PET (range -10 weeks-5 weeks).The me-
dian time interval between follow-up PFT and 18F-
FDG PET was 11.7 months (range 7-14 months).

At baseline, there was a difference in VC, FEV1

and DLCO between the groups (p < 0.01 for all).
Group A and B did not differ significantly in VC
and FEV1, but they differed in DLCO (p < 0.01).

PFT results at baseline and follow-up are pre-
sented in Table 2. In untreated patients with
parenchymal activity (group A), no change in VC or
FEV1 was found after one year, but there was a sig-
nificant decrease in DLCO of 7.8% (± 7.1%). Pred-
nisone was started in 4 patients before follow-up was
completed (range 7-11 months). Three patients
showed non-significant decreasing PFT, progressive
dyspnoea, worsening chest radiography and increas-
ing serological markers. One patient had stable PFT
and no pulmonary symptoms. Because of progressive
arthralgia and worsening chest radiography, pred-
nisone was started.

In group B, all patients were treated after 18F-
FDG PET was performed. One patient received
methotrexate given the presence of severe osteo-

porosis. All other patients received prednisone. In
these patients, improvement of VC, FEV1 and DL-
CO was seen after one year. The increase in VC was
11.6% (± 11.2%), in FEV1 9.4% (± 10.0%) and in
DLCO 8.7% (± 8.0%). The improvement was signif-
icant for all lung functional parameters (p < 0.01).

In patients without parenchymal activity (group
C), no changes in PFT could be found.

Corrected for the time of inclusion, PFT of all
groups was compared. Box-and-whisker diagrams of
the change in VC, FEV1 and DLCO per time unit
are shown in Figure 2.

Comparing group A and C, there was a signifi-
cant decrease in DLCO in patients with diffuse
parenchymal activity (p < 0.01), but no change in VC
or FEV1 could be observed.

Patients in group B showed a significant increase
of VC, FEV1 and DLCO compared to group C.

Baseline ACE, sIL-2R, the presence of
parenchymal activity by PET and SUVmax in the lung
parenchyma and mediastinum/hila were assessed
with regard to their predictive value in lung func-
tional outcome. The PET pattern showed to be a
predictive factor for the change in VC and DLCO
(p < 0.05 and p < 0.01, respectively). ACE predicted
the change in DLCO (p < 0.05).

Discussion

In the current study, intra-thoracic metabolic
activity imaged by 18F-FDG PET was correlated
with PFT in newly diagnosed, pulmonary sarcoido-
sis patients. The presence of diffusely increased
metabolic activity in the lung parenchyma correlated
with a future decrease in DLCO when untreated.
Such a correlation could not be found for VC or
FEV1. Patients with diffuse active disease in the lung

Table 2. PFT at baseline and one year follow-up in patients with and without metabolic activity in the lung parenchyma based on 18F-FDG
PET

VC VC p FEV1 FEV1 p DLCO DLCO p
baseline follow-up baseline follow-up baseline follow-up

Parenchymal activity, untreated 89% (± 18) 88% (± 20) ns 87% (± 16) 87% (± 20) ns 81% (± 14) 73% (± 13) < 0.05
Parenchymal activity, treated 80% (± 18) 92% (± 12)< 0.01 72% (± 22) 82% (± 19) < 0.01 65% (± 9) 72% (± 11) < 0.01
No parenchymal activity 102% (± 12) 102% (± 11) ns 94% (± 11) 94% (± 10) ns 87% (± 14) 89% (± 14) ns

Data are presented as the mean ± SD. Pulmonary function tests are presented as the percentage predicted.
VC = vital capacity, FEV1 = forced expiratory volume in 1 second, DLCO = diffusion capacity of the lung for carbon monoxide, ns = not
significant
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parenchyma receiving corticosteroids or immuno-
suppressive drugs showed a significant increase in
VC, FEV1 and DLCO. Furthermore, patients with-
out increased metabolic activity in the lung

parenchyma showed stable lung function tests dur-
ing follow-up.

This is the first study, assessing the presence of
18F-FDG activity in sarcoidosis patients with regard
to clinical outcome. The current data support the hy-
pothesis that increased metabolic activity in the lung
parenchyma represents active disease since a decline
in DLCO was observed. Intervention was required in
4 patients (36%) with diffuse parenchymal activity.
Conversely, patients without metabolic activity in the
lung parenchyma showed stable PFT after one year.
A wait-and-see policy appears to be justified in the
absence of parenchymal activity while a regular PFT
during follow-up is required in patients with active
parenchymal disease. In patients with pulmonary in-
volvement receiving corticosteroids or other im-
munosuppressive drugs, a significant improvement of
PFT was found. All patients exhibited ongoing in-
flammatory activity in the lung parenchyma as shown
by 18F-FDG PET, implying that metabolic active dis-
ease correlates with reversible abnormalities.

Serial PFT is advised to monitor disease pro-
gression since a decrease in PFT suggests pulmonary
activity. However, the use of serial PFT might have
limitations since a pulmonary decline only becomes
evident when sarcoidosis has progressed and the pa-
tient has deteriorated. This clinical worsening may
consist of disabling symptoms and impair the quali-
ty of life. Impaired quality of life frequently includes
a reduced working capacity, all in a predominantly
young population (15).

In our study, a selected patient population was
observed. Patients with diffusely affected lung
parenchyma were included. The inclusion criterion
was restricted to this specific pulmonary pattern,
since quantitative analysis of the affected lung
parenchyma is not possible yet. When the extent of
affected tissue could be quantified, the degree of
metabolic activity can be taken into account. The
currently available PET/CT systems might offer a
solution for disease quantification. However, when
quantification models become accessible, additional
research is required to determine the significance of
partly increased metabolic activity in the lung
parenchyma.

There was a significant difference in DLCO,
serum ACE and sIL-2R between group A and B at
baseline. Increased ACE and sIL-2R, biomarkers for
active sarcoidosis, combined with lower PFT might

Fig. 2. Box and whisker diagram of the change in VC (a), FEV1

(b) and DLCO (c), expressed as % predicted per month.
Group A = parenchymal activity untreated; Group B = parenchy-
mal activity treated, Group C = no parenchymal activity

(a)

(b)

(c)
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explain the urge for treatment in group B. Based on
18F-FDG PET, patients in group A and B demon-
strated a similar pulmonary involvement. Apparent-
ly, 18F-FDG PET is unable to distinguish patients
with regard to baseline PFT. Disease duration might
clarify these differences since patients delay can al-
ready have caused a decrease in PFT.

Serum ACE and sIL-2R was significantly high-
er in patients receiving treatment after 18F-FDG
PET. The amount of ACE and sIL-2R is suggested
to be related with the total granuloma load and total
T cell activity, respectively (16, 17). Indeed, besides
pulmonary involvement, 18F-FDG PET demon-
strated active extra pulmonary lesions in 94% of the
patients receiving treatment, while this was 73% in
untreated patients. Although this might suggest that
the total granuloma load is larger in the treated
group, the difference in extra pulmonary findings
was not significant. In addition, the extra pulmonary
findings were not quantified.

A previous study has shown that normal ACE
and sIL-2R does not rule out active disease (18). In-
deed, the majority of untreated patients with diffuse
parenchymal disease did not have increased serum
levels while a significant decrease in DLCO after
one year was found. Since diffuse lung parenchymal
activity was demonstrated by 18F-FDG PET, it ap-
pears that this nuclear imaging technique more ade-
quately reflects the actual pulmonary parenchymal
activity state of sarcoidosis than serum markers.

Based on 18F-FDG PET patterns, patients were
assigned to different groups. The control group con-
sisted of patients with mediastinal and hilar lymph
nodes without parenchymal activity, implying stage I
disease on chest radiography. However, radiography
revealed stage II or III disease in 6 patients (38%)
while PFT did not change during follow-up. This
finding is in line with previous studies describing that
PFT is not related with pulmonary abnormalities on
radiography (6), and might suggest that 18F-FDG
PET more adequately reflects the presence of clinical
relevant active disease than chest radiography.

In conclusion, diffuse parenchymal activity in
sarcoidosis patients, imaged by 18F-FDG PET, pre-
dicts a future deterioration of DLCO when medical
treatment is withheld. Treatment however, improves
VC, FEV1 and DLCO significantly. In sarcoidosis
patients without metabolic activity in the lung
parenchyma, a wait-and-see policy seems allowed

even in patients with radiographic signs of parenchy-
mal disease.
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