
Introduction

Fluorodeoxyglucose (FDG) PET is performed 
for detection of active lung inflammation in condi-
tions such as sarcoidosis. It has been suggested that 
metabolic activity on FDG PET may hold prognostic 
information on development of pulmonary function 

(PF) and thus holds the potential as a biomarker of 
sarcoid disease activity and predictor for treatment 
response (1). Currently, clinical observations on 
FDG PET are visually classified as either “positive” 
or “negative”. However, areas of low FDG activity 
tend to be classified as “negative” even though uptake 
may be higher than normal. On the other hand, “posi-
tive” findings on FDG PET represent a heterogene-
ous group of inflammatory phenotypes in sarcoidosis. 
Therefore, it is important to quantify FDG PET find-
ings. Quantification using SUVmax is insufficient to 
objectify global inflammation in the lungs, because it 
only represents the maximum uptake within one vox-
el. SUVpeak, another pixel averaging method, used 
for oncologic studies, does not substantially change 
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the outcome in sarcoidosis because it uses only a small 
part of the lungs. Therefore, SUVpeak does not re-
flect total disease burden in the lungs. So far there 
has been no study using total lung quantification in 
sarcoidosis, which might overcome these limitations. 

In this study new quantitative methods based on 
FDG PET imaging in sarcoidosis are explored. Sar-
coidosis, a parenchymal lung disease, usually presents 
on CT as reticulonodular opacities, symmetrical me-
diastinal lymphadenopathy, traction bronchiectasis 
but also end-stage fibrosis. Typical measurement 
techniques which are currently utilized in quantita-
tive FDG PET include SUVmax and total lesion 
glycolysis. These measures typically apply to localized 
lesions such as tumours, rather than large anatomi-
cal regions as the lungs, and are therefore insufficient 
for describing total lung inflammatory activity. Here, 
we introduce a method of volumetric quantitative 
analysis of the lungs on FDG PET/CT and assess 
the potential application of this method by testing 
for reproducibility and correlation with clinical vari-
ables.  Our hypothesis is that the new method of 
global lung region analysis is more robust and show 
better correlation with conventional biomarkers for 
disease activity and other clinical variables than di-
chotomous PET/CT reports and SUVmax.

Materials and methods

Patient selection

All sarcoidosis patients visiting St. Antonius In-
terstitial Lung Diseases (ILD) Center of Excellence 
between 2010 and 2013 who underwent pulmonary 
function tests (PFT) and FDG PET/CT as part of 
their clinical evaluation were eligible for the study. A 
set of 53 subjects with suspicion of pulmonary sar-
coidosis, were selected from our PET/CT database 
based on first visit at the Nuclear Medicine depart-
ment. The diagnosis of sarcoidosis was based on clin-
ical findings, supported by histological evidence and 
after the exclusion of other known causes of granu-
lomatous disease in accordance with the joint state-
ment on sarcoidosis of the ATS, ERS and WASOG 
(2). A second, non-pulmonary disease, control group 
was selected to analyze the variation of metabolic 
activity in normal lung parenchyma. The control 
group consisted of patients who underwent FDG 

PET/CT in 2010, with no history of lung disease 
or smoking and no evidence of disease other than 
an unexplained increased erythrocyte sedimentation 
rate (ESR). These patients did not have any history 
of malignancy or any other known condition, only 
unexplained ESR elevation, which was the indica-
tion of FDG PET/CT. In these patients the FDG 
PET/CT was concluded to be normal by two nuclear 
medicine physicians. During 5 years of follow up no 
lung condition did develop in these control subjects.

Pulmonary function tests and biomarkers

Pulmonary function tests (PFTs) were per-
formed within 2 weeks of FDG PET/CT. Vital ca-
pacity (VC), DLCO and FEV1 was measured using 
a MS-PFT analyzer unit ( Jaeger, Wurzburg, Ger-
many) in accordance with the guidelines provided by 
the ERS (3). The percentage of predicted VC, FEV1 
and DLCO were used for analysis. Biomarkers such 
as serum ACE and sIL-2R within 1 week of per-
forming a FDG PET scan were analyzed and com-
pared between the groups. ACE level was considered 
positive or negative in accordance with genotype 
corrected reference values. Genotype corrected ACE 
were expressed as Z-score continuous variables.

FDG PET/CT 

Prior to the scan, patients used a low carbohy-
drates diet for 24 hours and fasted at least six hours. 
Scans were performed 60 minutes after injection of 
FDG (dose: 120-400 MBq FDG; Covidien, Petten, 
the Netherlands) on the Philips Gemini TF PET/
CT (Philips Medical Systems, Best, the Nether-
lands). The department of Nuclear Medicine of the 
St Antonius Hospital is an EARL accredited PET/
CT center. Blinded reporting of scans was performed 
by nuclear medicine physicians experienced in sar-
coidosis. A positive PET scan is reported on basis 
of visual lung parenchyma activity above the back-
ground level (respectively blood pool and surround-
ing normal lung parenchyma) and/or lymph node ac-
tivity above the blood pool activity. Minimal diffuse 
activity in the lungs, usually lower than the blood 
pool activity, was not classified as active sarcoidosis 
and reported as negative. The volume of the lungs 
was measured in resting state because of the longer 
duration of PET image acquisition. 
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Radiographic staging

All scans were blinded and independently 
scored by an experienced chest radiologist using 
Scadding stage on chest X-rays (CXR) (4). Since it 
has been described previously that high-resolution 
CT (HRCT) is much more sensitive than CXR for 
staging (5), we have also used a modified Scadding 
staging to score HRCT (6). 

Workflow of image segmentation analysis

Image analysis was performed by an experienced 
nuclear medicine physician (reader A) and nuclear 
medicine technologist (reader B). For each included 
PET/CT study, the total lung volume (TLV) was 
semi-automatically segmented in the CT image us-
ing ITK-SNAP (7) and manually adjusted when re-
quired; this software is freely available. Subsequently, 
both the CT scan and the segmented volume were 
interpolated to fit the PET image matrix. Several re-
gions, as subsets of the total lung segmentation, were 
defined by comparing SUV to predefined threshold 
values. This method divides the total lung volume 
into regions of high SUV and low SUV (i.e. above 
and below a chosen threshold SUV 1.0). The relative 
volumes, as compared to the total lung volume, of 
the individual regions were analyzed for each scan. 
The image scaling, thresholding and analysis was 
performed in a software tool supplied by the medi-
cal physics department of the St. Antonius Hospital, 
Nieuwegein and University Medical Center Utrecht. 
The workflow of segmenting and analyzing one pa-
tient took on average 6.5 minutes.

Definition of threshold values 

We defined 5 measurable volumetric PET pa-
rameters as shown in table 1, including SUVmax, 
SUVmean, total lung volume (TLV), percentage of 
lung volume with increased SUV (%SUV-high) and 
total glycolytic activity (TGA). SUVmax and SU-
Vmean are, respectively, the maximum and average 
standardized uptake values within the segmented 
lung volume. Regardless of the amount of injected 
FDG or patient size, if all the injected FDG is dis-
tributed uniformly, the SUV will be 1 g/ml (8); this 
is also confirmed this in our control group (the mean 
lung SUV of 0.72 plus two times the standard devia-

tion of 0.14 is 1.0 as shown in table 3). Above this 
absolute threshold, the SUV in the lungs is denoted 
as “increased” (see example figure 1). The parameter 
%SUV-high denotes the percentage of the segment-
ed lung volume within the SUV is above 1. The TGA 
is defined as TLV x SUVmean and might provide ad-
ditional information regarding the accumulative total 
lung activity in the total resting state lung volume. 
Parameters that differ significantly between FDG 
PET/CT positive patients and controls were ana-
lyzed for correlation with clinical parameters.

Statistical analysis

Prior to statistical analysis, histograms were 
made to confirm normal distribution of lung segmen-

Table 1. Definitions of PET/CT parameters from the lung analy-
sis tool 

Variables Definition

SUVmax Maximum SUV within the lungs
SUVmean Average SUV within the lungs 
TLV Total (segmented) lung volume 
TGA Total glycolytic activity = volume x SUVmean
%SUV-high Percentage of lung volume with SUV above threshold

Note: All parameters are extracted from volume measurements of 
the lung parenchyma for each individual patient. The lung borders 
and volumes are calculated semi-automatically by the lung seg-
mentation tool and manually corrected if needed.

Fig. 1. Image analysis using total lung volumes from combined 
PET and CT data. The lungs are segmented on low dose (LD) 
CT data, used for PET attenuation correction. PET volumes of 
SUV high and low are be based upon a specific SUV threshold 
(set to 1.0), so there are no overlapping areas. In this case, the 
patient demonstrates a high metabolic activity in the upper lobes, 
while the lower metabolic activity is seen in the lower areas. [Red: 
volume of SUV data above threshold; Green: volume of SUV data 
below threshold]



Volumetric FDG PET in sarcoidosis 47

tation data between patients and controls. To check 
for consistency of the semi-automatic segmentation 
output of TLV, interobserver agreement was estab-
lished for two different readers (reader A: nuclear 
medicine physician and reader B: nuclear medicine 
technologist) using a 50% (n=18) random sample 
from the sarcoidosis group. Intraclass correlation was 
calculated using a two way mixed model. Categori-
cal data or dichotomous data were analyzed by chi-
square and continuous data by Pearson correlation 
and ANOVA where appropriate. We have controlled 
and adjusted for covariates (age and BMI). The sta-
tistical evaluation was performed using SPSS version 
22 for Windows (IBM, Armonk, New York, USA). 

Results

Clinical characteristics

Of 53 patients that were selected from the da-
tabase, 35 patients had a histopathologically con-
firmed diagnosis of sarcoidosis and baseline PFT 
within 2 weeks of FDG PET/CT scan. Eight pa-
tients had other interstitial lung diseases (ILDs) and 
the remaining ten patients were not included be-
cause PFTs were not available within the timeframe. 
Relevant patient clinical demographics and findings 
can be found in Table 2. Only 8.6% (n=3) of the sar-
coidosis patients were current smokers, the majority 
had never smoked or stopped smoking previously. 
31.4% of patients (n=11) were newly diagnosed with 
sarcoidosis. The PET positive sub-group had an av-
erage time from diagnosis of 12.7 years. At the time 
of PET scanning, 68% (n=23) of the sarcoidosis pa-
tients were receiving first and second line treatment, 
while 32% (n=11) received third line treatment, 1 pa-
tient did not receive therapy. Treatment at the time 
of PET scanning was not different between patients 
with positive PET findings compared with those 
who had negative PET findings. Controls (n=13; 4 
male, 9 female) had a mean age of 44±16 SD (21-
69 range) and mean BMI of 28.3±4.7 SD (20-35 
range). 

Reader agreement

Interclass correlation coefficients (ICC) for 
TLV between two readers has an average measure 

of 0.998 (CI 0.995-0.999). It was concluded that the 
semi-automatic segmentation results are consistent.

Distinction between sarcoidosis and controls

Comparing FDG PET/CT in sarcoidosis pa-
tients, the SUVmax, SUVmean, TGA and %SUV-
high was significantly higher in the PET positive 
group. We analysed 35 pulmonary sarcoidosis pa-
tients and 13 control subjects for 5 different param-

Table 2. Clinical characteristics of FDG PET/CT sarcoidosis pa-
tients   

 Sarcoidosis  Sarcoidosis
 PET PET
 Positive Negative

N (sex) 26 (15M, 11F) 9 (8M, 1F)

Age (yrs)   53.0±10.2   47.3±11.4

BMI 28.4±5.6 26.4±4.4

Smoking:
Current   3 (8.6%) 0 (0%)
Previously 7 (20%)     5 (14.3%)
Never 16 (45.7%)     4 (11.4%)

Pack years 12.69±13.09 17.75±16.74

Newly diagnosed   9 (25.7%)  2 (5.7%)
Follow up after diagnosis 17 (48.6%) 7 (20%)
Years from Diagnosis   15.8±13.17 5.29±4.89*

ACE (normal range 12-68 U/l) 90.2±51.1 51.8±41.6*

ACE normal 6 (23.0%) 4 (44.4%)

ACE z-score  3.9±3.6 2.0±2.4
(normal range -1,96 - +1,96)  

sIL-2R  7922.1±6012.0 4503.7±3110.1
(normal range <3000 pg/ml) 

sIL-2R Increased 24 (82.8%) 5 (17.2%)*

% Expected FVC 85.8±19.7 94.0±20.5

% Expected DLCO 65.3±24.4 72.1±12.9

% Expected FEV1 77.5±18.4 82.6±26.9

% FEV1/FVC 72.2±12.0 67.3±15.0

% Relative FVC change  1.44±9.35 3.60±8.72
1 year post PET 

% Relative DLCO change  -1.67±18.1 -8.37±9.98
1 year post PET  

Scadding Stage based on HRCT
0 1 (20%) 4 (80%)
I 4 (80%) 1 (20%)
II    8 (88.9%)    1 (11.1%)
III 4 (80%) 1 (20%)
IV    9 (81.8%)    2 (18.2%)

*=statistically significant between PET positive and PET negative, 
p<0.05
Values are presented in mean±SD) or N (%)
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eters. The sarcoidosis group mainly demonstrated 
pulmonary manifestation of sarcoidosis on FDG 
PET. Sarcoidosis patients were divided into a group 
with 26 FDG PET positive cases and a group with 
9 FDG PET negative cases (table 3). When FDG 
PET/CT’s of sarcoidosis patients were reported as 
negative, then only the parameter TGA was signifi-
cantly different from controls. The total lung volumes 
vary considerably between patients (1.5 to 6 litres) 
and were not significantly different between FDG 
PET positive and FDG PET negative patients. In 
the FDG PET positive group, SUVmax, SUVmean, 
TGA and %SUV-high were significantly different 
from controls. 

Correlation between clinical biomarkers and volumetric 
PET/CT parameters

We demonstrated that total lung segmentation 
PET parameters and conventional PET parameters 

show a significant difference between sarcoidosis 
and controls. Assessment of the correlation between 
volumetric PET parameters (SUVmean, TGA and 
%SUVhigh) and clinical parameters (ACE, ACE 
z-score, sIL2-R, FVC, DLCO and FEV1) showed 
a good correlation in our study population of sar-
coidosis patients (n=35) except for sIL-2R. Dichoto-
mous PET reports and SUVmax in the lung paren-
chyma did not correlate with any clinical biomarker. 
Results of the analysis of commonly used baseline 
clinical biomarkers consisting of PFT-values (FVC, 
DLCO and FEV1) and serum biomarkers values 
(ACE, ACE z-score, sIL-2R) is presented in Table 
4A. The strongest correlations between volumetric 
PET parameters and clinical biomarkers were found 
with SUVmean and %SUV-high. We found a strong 
positive correlation of SUVmean (r=0.725), TGA 
(r=0.689) and %SUV-high (r=0.702) with genotype 
corrected ACE z-scores (p<0.001). SUVmax did 
not show a significant correlation with ACE z-score 

Table 3. Statistics of multiple PET/CT segmentation parameters in sarcoidosis and controls

 Sarcoidosis Sarcoidosis Controls
 N=26 PET positive N=9 PET negative N=13 PET

SUVmax 7.71±4.69 (0.0004)** 3.69±2.31 (0.79) 3.43±2.20
SUVmean 1.27±0.68 (0.0004)** 0.75±0.19 (0.74) 0.72±0.14
Volume cm3 2994±972 (0.67) 3473±1187 (0.21) 2842±1067
TGA 4048±3746 (0.008)* 2466±454 (0.005)* 1931±332
%SUV-high 47.2±27.5 (0.00001)** 20.8±16.3 (0.40) 16.0±9.80

Values are presented in mean±SD (2-tailed p-value); *Significant difference with controls p<0.05; **p<0.001

Table 4

A) Pearson Correlations of PET/CT variables versus baseline clinical parameters (n=35) 

  PET- D SUVmax SUVmean TGA % SUV-high 

ACE r 0.309 0.117 0.471* 0.404* 0.623** 
ACE z-score r 0.290 0.291 0.725** 0.689** 0.702** 
sIL-2R r 0.258 0.018 0.327 0.400* 0.359 
FVC r -0.23 -0.278 -0.484** -0.324 -0.538** 
DLCO r -0.16 -0.127 -0.412* -0.296 -0.554** 
FEV1 r -0.13 -0.324 -0.370* -0.259 -0.376* 
Total amount significant  0/6 0/6 5/6 3/6 5/6 

B) Pearson Correlations of PET/CT variables versus PFT after 1 year  (n=28) 

  SUVmax SUVmean

FVC r 0.15 (p=0.224)  0.474 (p=0.005)**
DLCO r   0.048 (p=0.405) 0.375 (p=0.026)*

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.005 (2-tailed). 
PET-D=PET Dichotomous, SUV=standardized uptake value, TGA=total glycolytic activity %SUV-high=the percentage of lung volume 
with SUV >1, ACE=Angiotensin converting enzyme, sIL-2R=soluble IL-2 receptor, FVC=forced vital capacity, DLCO=diffusion capacity 
of the lung for carbon monoxide FEV1=forced expiratory volume in one second. 1.
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(fig. 2 A), while SUVmean showed a strong correla-
tion (fig. 2 B). TGA correlated weakly with sIL-2R 
but not with the other parameters. SUVmean and 
%SUV-high showed a statistically significant nega-
tive correlation with FVC, DLCO and FEV1. Ta-
ble 4B demonstrates the correlation between FVC 
and DLCO after 1 year post PET scan. The results 
show a weak to moderate significant correlation of 
SUVmean and FVC and DLCO using SUVmean 
(r=0.474 and r=0.372 respectively), versus SUVmax 
in this retrospective random cohort. When look-
ing at Stage IV and PFT after 1 year (N=10), we 
found an average FVC change of -0.58 (SD 7.92) 
and DLCO -6.60 (SD 26.0.7). Figure 4 depicts the 
FVC change and the SUVmean in the stage IV pa-
tients. We found no significant correlation between 
SUVmax (r=-0.186) nor SUVmean (r=-0.361) and 
PFT change, however we observed significant cor-
relation with FVC change (r=-0.556; p=0.47; n=10) 
when looking at SUVmean in the less fibrotic areas. 
SUVmean in the dense fibrotic areas did not corre-
late with FVC change (NS r=-0.170). 

Quantified volumetric PET/CT parameters in relation
to Scadding staging 

In the following we looked quantitatively if the 
volumetric parameters correlated with the different 

Scadding stages in all 35 patients, regardless if they 
were positive or negative. Calculation of the mean 
values of SUVmax, SUVmean and % SUV-high 
values for the different Scadding stage groups show 
different volumetric PET parameter distribution per 
stage, based on classical CXR (n=34) and HRCT 
(n=35), as shown in Table 5 A and B. The CXR group 
has one less patient, because this patient had only re-
ceived a HRCT. In CXR staging we found less stage 
III and more stage 0 and II than in HRCT staging. 
The volumetric PET data suggests a gradual trend of 
increased FDG activity from Scadding stage 0 to III 
in SUVmean and %SUV-high values. In CXR, the 
smallest percentage of lung volume with increased 
activity (% SUV-high) is found in stage 0 (16%), fol-
lowed by stage I (29.9%), II (50.2%), III (75.8%). In 
CXR stage IV an average % SUV-high of 44.5% is 
found. On HRCT we have the same findings with 
stage 0=17%, stage I=26% and stage II=49%. Fig-
ure 3B illustrates the outcome of the previous plot 
(Fig. 3A) if using Scadding category scoring based 
on the HRCT. Stage 0 still shows less than 20% of 
increased SUV in the lungs on FDG PET and there 
also seems to be no significant difference between 
the stages II to IV on FDG PET. Scadding stage I 
still seems to be intermediate between stage 0 and II-
IV on FDG PET. Using % SUV-high, a significant 
difference between mean values of HRCT Scadding 

Fig. 2. (A, B): Scatter plots of SUVmax and SUVmean versus ACE z-scores. SUVmax and SUVmean scores were extracted from total 
lung volumes after segmentation (n=35). While SUVmax (A) shows no correlation measured in the same population, a strong correlation is 
demonstrated using SUVmean (B)
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Table 5. FDG PET/CT variables versus Scadding stage based on CXR (A) and HRCT (B) , n=35 

A. Mean PET/CT variables versus Scadding stages CXR

Scadding stage CXR   SUVmax SUVmean % SUV-high

0 (N=6)  3.16 (±1.87) 0.71 (±0.14) 15.98 (±10.06)
I (N=5)  8.92 (±6.17) 0.94 (±0.14) 29.86 (±12.52)
II (N=11)  7.57 (±5.0) 1.37 (±0.86) 50.24 (±28.40)
III (N=1)  11.32 (-) 1.69 (-) 75.76 (-)
IV (N=11)  6.90 (±3.56) 1.20 (±0.61) 44.51 (±30.95)

B. Mean PET/CT variables versus Scadding stages HRCT    

Scadding stage HRCT   SUVmax SUVmean % SUV-high

0 (N=5)    2.9 (±1.03) 0.72 (±0.18) 17.36 (±13.52)
I (N=5)  10.70 (±7.04) 0.90 (±0.17) 26.45 (±13.90)
II (N=9)    5.97 (±4.22) 1.16 (±0.60) 49.06 (±26.81)
III (N=5)    8.35 (±4.26) 1.68 (±1.12) 49.93 (±31.96)
IV (N=11)    6.36 (±3.37) 1.17 (±0.53) 45.74 (±30.48)

CXR=chest x-ray, HRCT=high resolution computed tomography, SUV=standardized uptake value, %SUV-high=the percentage of lung 
volume with SUV >1.

M
ea

n 
(S

D
)

M
ea

n 
(S

D
)

Fig. 3A. Plots of FDG PET/CT parameter (%SUV-high) per ra-
diological Scadding category in patients with sarcoidosis (n=35). 
This figure illustrates the differences per Scadding category based 
on the chest x-ray. Note the difference between stage 0 and other 
stages. In stage 0 there is about 16% of increased SUV in the lung 
detected on FDG PET. Stage I seems to be an intermediate stage 
between 0 and II with almost 30% lung tissue showing increase in 
FDG uptake. There seems to be no difference between the stages 
II to IV on FDG PET (around 50%); see also table 5 

Fig. 3B. Plots of FDG PET/CT parameter (%SUV-high) per 
adjusted radiological Scadding category using HRCT in patients 
with sarcoidosis (n=35).
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stage 0 (n=5) and stage II (n=9), was found (p<0.05). 
Stage 0 was significantly different from other stages 
(II to IV) for % SUV-high (p<0.05). There was no 
significant difference between stage 0 and I, nor be-
tween stages II up to IV. For CXR Scadding staging, 
similar findings were observed with a significant dif-
ference (p<0.05) between stage 0 (n=6) and stages 
II to IV for % SUV-high and SUVmax, but not for 
SUVmean. 

Discussion

To our knowledge, this is the first study to uti-
lize detailed volumetric analysis in the lungs on FDG 
PET/CT in sarcoidosis patients. FDG PET/CT has 
been reported in the literature as a useful independ-
ent sensitive parameter of sarcoid inflammatory ac-
tivity (9-12). However, current literature is mainly 
based on qualitative reporting of PET/CT scans in 
sarcoidosis. In this study we evaluated different volu-
metric quantitative PET measurements using a lung 
segmentation tool to represent metabolic activity. 
With this tool, the FDG activity in the lung paren-

chyma can be analyzed more precisely by differenti-
ating between regions of relatively high and low up-
take. We demonstrated that this lung segmentation 
tool can produce volumetric PET data consistently 
and relatively quickly, with an ICC of 0.998, and that 
acquired values (SUVmean, TGA and %SUV-high) 
were significantly higher in the sarcoidosis group 
compared to controls, and show improvement to cur-
rently used routine parameters as SUVmax.

In contrast to dichotomous qualitative assess-
ment of FDG PET and SUVmax, volumetric PET 
parameters %SUV-high and SUVmean showed good 
correlation with the conventional serum biomarker 
ACE, in a group with mainly lung disease. Especial-
ly %SUV-high might be of interest as a marker for 
sarcoidosis activity, reflecting pulmonary inflamma-
tory activity more precisely then previously possible 
on FDG PET. However a correlation with sIL-2R 
was not found. Consistent with previous reports, 
we showed an increased serum sIL-2R in 82.8% of 
patients (table 2) (13, 14). The discrepancy between 
the correlations of the quantitative pulmonary activ-
ity parameters with serum ACE and sIL-2R raises 
interesting considerations. Since we only analyzed 
the lungs, it might be suggested that serum sIL-
2R measurement provides a more general, systemic 
signal for inflammation than a lung specific lung 
marker of granulomatous disease activity. This might 
be supported by the finding that %SUV-high and 
SUVmean correlate well with PFT results (FVC and 
DLCO) and not with sIL-2R. Another argument for 
this explanation might be that sIL-2R level, unlike 
serum ACE, is also often increased in other systemic 
diseases like connective tissue disorders (15-17). The 
cohort is heterogeneous regarding smoking and non-
smoking patients and patients with newly diagnosed 
sarcoidosis (n=11) and patients under treatment 
(n=23). Potential influence of this heterogeneity on 
the reported results should be addressed in larger 
cohort studies. However the volumetric method in 
theory should be better and more robust marker than 
SUVmax, since it averages the total lungs and there-
fore less prone to local parenchymal changes such as 
fibrosis or emphysema than SUVmax. When looking 
at PFT values after 1 year we found that in this ran-
dom mixed population of patients, SUVmax did not 
correlate significantly with PFT change after 1 year, 
however SUVmean did show a significant, yet mod-
erate correlation. This might be because SUVmean is 

Fig. 4. Scadding stage IV plots of relative FVC change 1 year after 
FDG PET versus SUVmean. Blue bars depict the FVC change. 
Black line (2) depicts SUVmean in areas with less fibrosis (less 
dense areas), which shows a significant correlation with FVC 
change (r=-0.556; p=0.47; n=10), while the SUVmean of the dot-
ted line (1) depics SUVmean in the dense areas was not significant 
(NS r=-0.170). Case 8 shows FVC decline despite high SUVmean, 
while case 2 depicts FVC improvement after 1 year. FVC=forced 
vital capacity, SUV=standardized uptake value
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a more robust parameter in lung disease than SUV-
max since it is a volumetric assessment. The correla-
tion of FDG PET versus PFT was not as strong as 
in previous studies (1), but might be due to the fact 
this is a heterogeneous retrospective study popula-
tion with different kinds of treatments for each indi-
vidual patient. 

To evaluate the value of volumetric PET analy-
sis in regard to radiological findings, we used Scad-
ding staging. From previous reports it is known that 
FDG PET reports can be classified as positive in 
any Scadding stage, even in Scadding 0 (11, 12). So 
far, there is no data on quantitative assessment of 
FDG PET activity in the lungs in relation to Scad-
ding stages. In this study, we have demonstrated that 
there is a gradual difference between stage 0, I and II 
when using volumetric parameters such as % SUV-
high. However, there are no quantifiable differences 
between stage II and IV in the amount of FDG PET 
activity. Fibrotic disease (stage IV) especially shows 
the same amount of inflammatory activity (meas-
ured by SUVmax or SUVmean) on FDG PET as 
stages II and III. When looking at the percentage 
lung volume that shows increased FDG PET activ-
ity (%SUV-high), we see on average 50% of pulmo-
nary involvement consistently in stages II, III and 
IV. Although stage IV is often thought to represent 
extinguished, end stage disease in sarcoidosis with 
irreversible changes in the lung parenchyma, our re-
sults show similar inflammatory activity compared to 
stage II and III. These findings suggest that stage IV, 
at least in this study population, represents ongoing 
inflammation and fibrosis. This notion of ongoing 
inflammation in stage IV is supported by evidence 
from long term follow-up (1-20.7 years) of stage IV 
sarcoidosis patients as described by Nardi et al. where 
36% of PFTs remained stable and 39% PFTs showed 
improvement (18). It is therefore possible that the 
amount of ongoing inflammation in combination 
with pulmonary fibrosis regardless of Scadding stage, 
determines the prognosis or long term effects of 
treatment when looking at individual patients. If this 
could be confirmed that smoldering inflammation 
drives fibrosis, volumetric quantification of lung ac-
tivity in pulmonary sarcoidosis patients with features 
of fibrosis might serve as a new (imaging) biomarker 
enabling individualized treatment decisions aiming 
at optimally suppressing inflammation in order to 
halt future progression of fibrosis. 

In case 8 (figure 5) there was decline in FVC 1 
year after the initial FDG PET. The images demon-
strate that in extensive stage IV there is persistent 
ongoing inflammation on FDG PET 1 year after the 
initial FDG PET, which might explain why there is 
still FVC decline since the patient did have a limited 
response to therapy. Interestingly the areas with less 
fibrosis and high FDG uptake correlated best with 
the FVC decline; this might be because inflamma-
tion occurs adjacent to the fibrotic areas and these 
areas are more important in treatment and effect on 
FVC change than fibrosis areas.

In the current study we primarily focus on lung 
involvement in sarcoidosis, in a study population 
with mainly thoracic sarcoidosis. We did not meas-
ure volumes of extrapulmonary disease nor medias-
tinal lymph nodes, since granulomas in lymph nodes 

Fig. 5. Figure of Case 8. Patient with stage IV sarcoidosis dem-
onstrates high FDG uptake on the initial FDG PET/CT (A) and 
the second FDG PET 1 year later (B); top images are axial views 
of FDG PET and bottom are axial views of fused PET/CT. There 
is decrease of FDG uptake after therapy, however still persistent 
active areas are visible. (C) high resolution CT axial image, which 
demonstrate extensive fibrosis as well as some small consolidation 
areas. (D) the maximum intensity project (MIP) of initial FDG 
PET (top) vs 1 year follow-up FDG PET (bottom) 
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are often nonspecific lesions as supported by pathol-
ogy studies (19). However, it might be possible that 
adding these volumes will further improve the cor-
relation with more systemic (or general) biomarkers 
such as ACE, ACE z-score and likely sIL-2R. Me-
diastinal assessment has been shown to be of use in a 
study with chronic sarcoidosis and infliximab, where 
a significant correlation between mediastinal high 
metabolic activity and levels of sIL-2R was found 
(20). Adding global volume assessments seems of 
benefit for scientific and pharmacological studies in 
interstitial lung disease that use FDG PET/CT sim-
ilar to cancer research (21). In addition to expanding 
volumetric PET analysis beyond the lungs, global 
pattern recognition could be implemented to detect 
different types of conditions, which is already imple-
mented in certain brain PET studies (22). Differ-
ent patterns of disease distribution in the lungs are 
already known to exist and are detected by HRCT 
studies (23, 24).  However these patterns of distribu-
tion are unknown in FDG PET, at least not reported 
in detail. In order to detect potential sarcoidosis phe-
notypes, pattern recognition of inflammatory distri-
bution within lung volumes could be implemented in 
the future, next to extra pulmonary and mediastinal 
lymph node assessment. Certain pattern parameters 
might offer insight in sarcoidosis disease predictors 
or treatment effects.

In conclusion, we propose a novel method of 
volumetric analysis of the lungs in FDG PET/CT 
in patients with sarcoidosis. This method shows its 
diagnostic superiority over conventional PET pa-
rameters like SUVmax. The volumetric PET param-
eters “% SUV-high” and “SUVmean”, are consistent 
and quickly to obtain from individual FDG PET, 
and show better correlation with sarcoidosis activity 
markers than qualitative FDG PET reporting and 
SUVmax. Future studies might also include medi-
astinal lymph nodes and extra pulmonary disease 
sites in the analysis for purpose of improved sys-
temic modeling of sarcoidosis and other systemic 
inflammatory disorders. We believe that volumetric 
analysis of FDG PET is an important step forward 
in scientific and pharmacological studies in lung in-
flammation and will open new possibilities in preci-
sion medicine in sarcoidosis. 
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