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ABSTRACT Infliximab, a monoclonal antibody directed against tumour necrosis factor (TNF)-α, is used
in the treatment of refractory sarcoidosis. However, the clinical response is variable and a tool to select
responders beforehand is highly desirable. In this study we evaluated scintigraphy with technetium-99m
(99mTc)-labelled infliximab for the imaging of disease activity in patients with pulmonary sarcoidosis.

10 patients were studied using single photon emission computed tomography/computed tomography
(CT) 6 h and 20 h after intravenous administration of 370 MBq of 99mTc-infliximab. Correlation analysis
was performed between tissue accumulation of 99mTc-infliximab and laboratory parameters (including
soluble interleukin-2 receptor and angiotensin-converting enzyme), lung function parameters (including
forced expiratory volume in 1 s and the diffusing capacity of the lung for carbon monoxide) and 18F-
fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT.

Analysis showed selective and variable accumulation of 99mTc-infliximab in the target tissue.
Accumulation correlated positively with all four laboratory parameters and negatively with all four lung
function parameters, yielding better correlations than serum TNF-α levels or 18F-FDG PET/CT.

99mTc-infliximab accumulation reflects the in situ TNF-α expression in an individual patient and
therefore provides valuable information on the presence of the biological target for anti-TNF-α therapy.
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Introduction
Sarcoidosis is a systemic, granulomatous disease of unknown aetiology. It frequently presents with bilateral
hilar lymphadenopathy and pulmonary infiltration, but several other organs may also be involved [1].
Although the majority of patients will exhibit a spontaneous remission, severe organ involvement
necessitates the use of immunosuppressive therapy with corticosteroids as first-choice drugs [2]. In cases
of progressive deterioration or intolerance for steroids, second-line agents can be used, such as
azathioprine and methotrexate [3].

Tumour necrosis factor (TNF)-α is a critical proinflammatory cytokine in the formation of the sarcoid
granuloma and is primarily released from alveolar macrophages [4, 5]. Increased but highly variable
TNF-α levels are observed in the bronchoalveolar lavage (BAL) fluid and lymph nodes of sarcoidosis
patients [5–7].

Infliximab, a chimeric monoclonal antibody directed against TNF-α, has shown to be an effective therapy
in several TNF-α mediated conditions, such as rheumatoid arthritis, inflammatory bowel disease (IBD)
and ankylosing spondylitis [8–10]. In addition, several studies indicate that infliximab might be useful in
the treatment of severe pulmonary and extrapulmonary sarcoidosis [11–14]. However, the clinical response
is variable, with reported response rates between 38% and 88%, depending on definitions, treatment
duration and organ involvement [13, 15, 16]. Clinical characteristics identifying subsets of patients with
better responses include disease severity, C-reactive protein, serum TNF-α and TNF-α G-308A
polymorphism, but to date none of these parameters enables the prediction and subsequent selection of
responders prior to the initiation of therapy [11, 17–19]. Considering the substantial costs, potential
side-effects and risk of disease progression during infliximab nonresponse, a tool to select responders
beforehand is highly desirable.

Infliximab has been labelled with technetium-99m (99mTc) and used for in vivo imaging in several TNF-α
mediated diseases such as rheumatoid arthritis, spondyloarthropathy, IBD and sarcoidosis [20–22]. In
rheumatoid arthritis and spondylarthropathy patients the accumulation of 99mTc-infliximab prior to
intra-articular infliximab therapy allowed the identification of responders, partial responders and
nonresponders [20]. In sarcoidosis, low pulmonary accumulation of 99mTc-infliximab has been reported,
with a moderate correlation with the CD4/CD8 ratio in peripheral blood lymphocytes [22]. Nevertheless,
the scintigraphic quantification of TNF-α in sarcoidosis patients might provide an additional measure to
evaluate disease activity and potentially enables the prediction of anti-TNF-α therapy response.

In the present study, we evaluated the role of 99mTc-infliximab scintigraphy for the imaging of disease
activity in patients with pulmonary sarcoidosis.

Material and methods
Study subjects
10 newly diagnosed patients with pulmonary sarcoidosis were recruited at the St Antonius Hospital
(Nieuwegein, the Netherlands) between November 2012 and February 2014. Patients were diagnosed with
sarcoidosis in accordance with the guidelines of the World Association of Sarcoidosis and Other
Granulomatous Disorders [1]. In cases of an indication for systemic treatment, this was initiated after
study participation.

Laboratory analysis for all patients included soluble interleukin-2 receptor (sIL-2R) and angiotensin-converting
enzyme (ACE), including Z-scores of ACE insertion-/deletion-corrected ACE activity [23].

Chest radiography was performed from an anterior and lateral view and scored in accordance with the
Scadding criteria. 18F-Fluorodeoxyglucose (FDG) positron emission tomography (PET)/computed
tomography (CT) was performed for routine work-up and in accordance with the European Association of
Nuclear Medicine guidelines. Pulmonary function tests were performed, including the vital capacity (VC)
and diffusing capacity of the lung for carbon monoxide (DLCO). All diagnoses were confirmed by either
histological proof in biopsy or a confirmative CD4/CD8 ratio (>3.5) in the BAL.

The study was performed in accordance with the Declaration of Helsinki and its amendments. The
protocol was approved by the regional medical ethics committee (EudraCT number 2011-003630-13), and
written informed consent for participation was obtained from all patients.

Scintigraphy
Infliximab (Remicade; Janssen Biologics B.V., Leiden, the Netherlands) was radiolabelled with 99mTc in the
radiopharmacy of the St Antonius Hospital using the 2-mercaptoethanol reduction method as reported
elsewhere [21]. Anterior and posterior images of the thorax and abdomen were acquired 6 h and 20 h after
intravenous administration of 370 MBq of 99mTc-infliximab (∼150 μg antibody) according to previous
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experience, as well as a single photon emission computed tomography (SPECT)/CT of the thorax. Planar
images and SPECT/CT were obtained by using a double-headed γ-camera (Siemens Healthcare, Breda, the
Netherlands) with an acquisition time of 100 s for the 6 h images and 514 s for the 20 h images using a
256×256 matrix. For SPECT, a 128×128 matrix was used with 32 angles and 60 s per angle.

Image analysis
Positive uptake of 99mTc-infliximab in the target tissue was defined as activity in either the lung
parenchyma, hila or mediastinum at 6 h or 20 h that exceeded the activity in the background. A
semiquantitative analysis of the SPECT images was performed by drawing a volume of interest (VoI) in
the target, based on CT, and dividing by a matching VoI in the humerus or the blood compartment (aorta
descendens at the carina level), thus obtaining target/background (T/B) values. VoI measurements were
performed at four standardised locations in the right lung parenchyma at the carina level, lymph nodes in
the left and right hila and subcarinal lymph nodes. This analysis was based on previous experience with
rheumatoid arthritis, with the addition of the aorta descendens due to the high blood perfusion of the
relevant target tissues in sarcoidosis. To evaluate possible selective accumulation of 99mTc-infliximab at the
target level the ratios of the T/B values at 6 h and 20 h were calculated. Additional VoI measurements in
99mTc-infliximab SPECT were performed in the lung parenchyma corresponding with the highest activity
on 18F-FDG PET/CT, as well as extrathoracic activity on 18F-FDG PET/CT.

Statistical analysis
Statistical analysis was performed using statistics software (Statistical Package for the Social Sciences 22.0;
IBM, Armonk, NY, USA).

The ratio of T/B values was compared to 1.00 using a one-sample t-test. Spearman’s test was used for
correlation analysis. Correlations were calculated between the ratio of the T/B values at the right lung
parenchyma at the carina level, lymph nodes in the left and right hila and the average of both and
subcarinal lymph nodes and the following parameters: serum ACE, ACE Z-score, sIL-2R, BAL CD4/CD8
ratio, VC, forced expiratory volume in 1 s (FEV1), Tiffeneau index (FEV1/FVC×100%) and DLCO. An
additional Bonferroni correction of the statistical significance level was performed, based on a total of 13
hypotheses.

In a separate analysis correlations were calculated between the ratio of T/B values and 18F-FDG maximum
standardised uptake (SUVmax) values at the lymph nodes in the left and right hila and the subcarinal
lymph nodes. Furthermore, correlations were calculated between the ratio of T/B values and 18F-FDG
SUVmax values in the lung parenchyma zones with highest activity on 18F-FDG PET/CT. Reference
correlations were calculated between serum TNF-α values and all laboratory and clinical parameters as
well as between 18F-FDG SUVmax values and all laboratory and clinical parameters.

Results
The patient characteristics at baseline are summarised in table 1.

Images at both 6 h and 20 h were characterised by high vascular activity. Correlation with the humerus
background showed positive uptake at all four target locations at both 6 h and 20 h with the highest T/B
values in the left and right hilar lymph nodes (5.3 and 5.1, respectively, at 6 h and 4.7 and 4.5,
respectively, at 20 h). The T/B values with aorta descendens background were <1 for all four target
locations. Figure 1 shows the CT, SPECT and fusion images of patients 1 and 2.

The T/B values (background: aorta descendens) increased between 6 h and 20 h at all four locations. A
more pronounced increase (ratio of T/B values at 6 h and 20 h) was observed in patients with an
indication for systemic treatment: +51% (left hilar lymph node, p=0.038); +46% (right hilar lymph node,
p=0.025); +43% (subcarinal lymph node, p=0.056); and +26% (right lung parenchyma at the carina level,
p=0.030). In patients without a need for systemic treatment, no statistical significance was reached: +30%
(left hilar lymph node, p=0.12); +40% (right hilar lymph node, p=0.15); +19% (subcarinal lymph node,
p=0.36); and +9% (right lung parenchyma at the carina level, p=0.70). Overall, the greatest increase was
observed at the left and right hilar lymph nodes (mean increase +40% (p=0.006) and +43% (p=0.007),
respectively). The ratio of T/B values differed between subjects. For the left and right hilar lymph nodes
the ratios were in the range 1.04–2.01 and 1.03–2.27, respectively.

Positive correlations were found between the ratio of T/B values (background: aorta descendens) and all
four laboratory parameters (sIL-2R concentration, serum ACE, ACE Z-score and the BAL CD4/CD8 ratio).
The correlation analysis between the sIL-2R concentration and the ratio of T/B values at the four locations
is depicted in figure 2 and a complete summary of the correlation analysis is provided in table 2.
Correlation analysis reached statistical significance in three out of four (left hilar lymph node), four out of
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four (right hilar lymph node and average of both hilar lymph nodes), one out of four (subcarinal lymph
node) and none out of four (lung parenchyma) analyses. After Bonferroni correction only the correlation
between the sIL-2R concentration and left hilar lymph node, right hilar lymph node and the average of
both hilar lymph nodes reached statistical significance.

Negative correlations were found between the ratio of T/B values (background: aorta descendens) and all
four clinical (lung function) parameters (VC, FEV1, Tiffeneau index and DLCO). The correlation analysis

TABLE 1 Patient characteristics at baseline

Patient Sex Age
years

Scadding
stage

ACE
U·L−1

ACE
Z-score#

sIL-2R
pg·mL−1

Serum
TNF-α
pg·mL−1

BAL
CD4/
CD8
ratio

VC %
pred

FEV1
%

pred

Tiffeneau
index¶

DLCO
%

pred

Indication
for systemic
treatment

1 F 53 1 48 1.42 3164 19.2 2.4 99.5 106.9 90.0 117.8 No
2 M 52 2 159 8.36 25000 111 5.8 82.9 79.3 76.4 65.3 Yes
3 M 41 1 72 1.11 6888 17.4 2.4 85.2 88.1 81.7 81.0 Yes
4 M 58 1 43 0.10 5167 16.3 1.4 88.5 96.0 84.1 113.9 Yes
5 F 47 4 128 10.3 13000 38.1 + 58.5 45.2 65.1 39.2 Yes
6 F 38 4 40 1.10 6443 13.3 5.3 49.2 44.6 77.8 45.6 Yes
7 M 57 0 101 3.24 5275 24.3 3.5 115.0 113.3 76.5 102.9 No
8 F 65 2 <5§ § 20700 31.5 9.7 97.2 75.0 65.7 69.5 No
9 M 57 1 74 ƒ 8247 46.1 2.3 102.9 112.9 83.9 69.3 No
10 F 31 2 85 2.20 5284 13.9 7.6 111.4 117.3 90.6 86.9 No

Data are presented as n, unless otherwise stated. ACE: angiotensin-converting enzyme; sIL-2R: soluble interleukin-2 receptor; TNF: tumour
necrosis factor; BAL: bronchoalveolar lavage; VC: vital capacity; FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the lung for
carbon monoxide; F: female; M: male. #: ACE insertion-/deletion-corrected ACE activity; ¶: FEV1/forced vital capacity×100; +: no BAL
performed; §: patient using an ACE inhibitor; ƒ: no Z-score determined.

a)

c)

b)

FIGURE 1 a) Computed tomography (CT), b) single photon emission computed tomography (SPECT) and c)
SPECT/CT images of patient 1 (left) and patient 2 (right). Arrows indicate focal activity in the hilar lymph
nodes, which is absent in patient 1.
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between FEV1 and the ratio of T/B values at the four locations is depicted in figure 3 and a complete
summary of the correlation analysis is provided in table 2. Correlation analysis reached statistical
significance in one out of four analyses (left hilar lymph node, average of both lymph nodes, subcarinal
lymph node and the lung parenchyma) and none out of four (right hilar lymph node).

Positive correlation was found between the serum TNF-α level and the sIL-2R concentration, the serum
ACE concentration and with the ACE Z-score. No correlations were found between the serum TNF-α level
and the BAL CD4/CD8 ratio or any of the clinical parameters.

Based on the observed correlations between the ratio of T/B values and sIL-2R, serum ACE and ACE
Z-score, further correlation analysis was performed between sIL-2R, serum ACE, ACE Z-score and the
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FIGURE 2 Correlation analysis of the soluble interleukin-2 receptor (sIL-2R) concentration and the ratio of
target/background (T/B) values (background: aorta descendens) at a) the left hilar lymph node; b) the right
hilar lymph node; c) the subcarinal lymph node; and d) the lung parenchyma at the carina level.

TABLE 2 Summary of correlation analysis with anti-tumour necrosis factor (TNF)-α scintigraphy

Ratio T/B values (20 h/6 h, versus aorta descendens) anti-TNF-α scintigraphy Serum TNF-α

Left
hilar
lymph
node

p-value Right
hilar
lymph
node

p-value Average
hilar
lymph
nodes

p-value Subcarinal
lymph node

p-value Right lung
parenchyma
(carina level)

p-value Serum
TNF-α

p-value

Serum ACE 0.76 0.017 0.73 0.025 0.78 0.012 0.41 0.27 0.20 0.61 0.80 0.011
ACE Z-score# 0.81 0.015 0.74 0.038 0.81 0.014 0.38 0.35 0.011 0.98 0.70 0.052
sIL-2R 0.91 0.000+ 0.83 0.003+ 0.91 0.000+ 0.69 0.028 0.43 0.22 0.80 0.005
BAL CD4/CD8
ratio

0.64 0.066 0.73 0.027 0.72 0.029 0.47 0.21 0.54 0.13 0.11 0.76

VC −0.29 0.42 −0.12 0.74 −0.21 0.56 −0.43 0.21 −0.49 0.15 −0.072 0.84
FEV1 −0.48 0.16 −0.39 0.27 −0.45 0.19 −0.57 0.088 −0.64 0.047 −0.12 0.74
Tiffeneau index¶ −0.64 0.046 −0.63 0.051 −0.66 0.037 −0.62 0.058 −0.54 0.10 −0.28 0.44
DLCO −0.49 0.15 −0.38 0.28 −0.45 0.19 −0.77 0.009 −0.56 0.093 −0.32 0.38

Data are presented as r, unless otherwise stated. Bold type represents p<0.05. T/B: target/background; ACE: angiotensin-converting enzyme;
sIL-2R: soluble interleukin-2 receptor; BAL: bronchoalveolar lavage; VC: vital capacity; FEV1: forced expiratory volume in 1 s; DLCO: diffusing
capacity of the lung for carbon monoxide. #: ACE insertion-/deletion-corrected ACE activity; ¶: FEV1/forced vital capacity×100; +: statistically
significant after Bonferroni correction.
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clinical parameters. Negative or no correlations were found between the VC and sIL-2R (r=−0.19, p=0.61),
serum ACE (r=−0.006, p=0.99) and ACE Z-score (r=−0.31, p=0.46). Negative correlations were found
between the FEV1 and sIL-2R (r=−0.40, p=0.25), serum ACE (r=−0.16, p=0.69) and ACE Z-score
(r=−0.45, p=0.26). Negative correlations were found between the Tiffeneau index and sIL-2R (r=−0.65,
p=0.043), serum ACE (r=−0.58, p=0.11) and the ACE Z-score (r=−0.76, p=0.030). Negative correlations
were found between the DLCO and sIL-2R (r=−0.50, p=0.14), serum ACE (r=−0.40, p=0.28) and the ACE
Z-score (r=−0.61, p=0.11).

The results of 18F-FDG PET/CT are summarised in table 3. Correlation analysis between 18F-FDG PET/
CT SUVmax values and all laboratory and all clinical parameters yielded a statistical significant correlation
in two out of 32 analyses. No statistically significant correlations were observed between 18F-FDG PET/CT
SUVmax values and the ratio of T/B values. Extrathoracic activity on 18F-FDG PET/CT was confirmed
using 99mTc-infliximab scintigraphy in one patient only (patient 2: low activity observed in the liver hilus)
and therefore no correlation analysis was performed. A summary of all correlation analyses is provided
in table 4.
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FIGURE 3 Correlation analysis of forced expiratory volume in 1 s (FEV1) and the ratio of target/backgroud (T/B)
values (background: aorta descendens) at a) the left hilar lymph node; b) the right hilar lymph node; c) the
subcarinal lymph node; and d) the lung parenchyma at the carina level.

TABLE 3 Summary of 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/
computed tomography (CT) results

Patient SUVmax 18F-FDG PET/CT

Hila/mediastinum Lung parenchyma Extrathoracic (location)

1 17.3 1.1 NA
2 12.9 3.3 8.8 (liver); 13.1 (lymph node)
3 23.4 10.5 4.9 (lymph node); 12.6 (interventricular septum)
4 12.8 1.2 12.6 (lymph node)
5 6.9 6.1 4.3 (Iymph node)
6 8.0 10.3 6.4 (lymph node)
7 7.1 1.1 NA
8 14.7 6.9 (one small nodule) 6.5 (lymph node)
9 5.6 1.1 NA
10 13.3 3.4 (subpleural) 5.2 (lymph node)

SUVmax: maximum standardised uptake value; NA: not applicable.
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Discussion
In this study we observed selective accumulation of 99mTc-infliximab in the target tissue of pulmonary
sarcoidosis patients. The accumulation was highest and most robust in the hilar lymph nodes. While some
patients showed significant accumulation, others did not, which suggests varying levels of TNF-α
expression between subjects. The most pronounced accumulation was observed in patients with an
indication for systemic treatment. The accumulation of 99mTc-infliximab as measured by the ratio of T/B
values (increase between 6 h and 20 h) correlated positively with all four laboratory parameters (sIL-2R
concentration, serum ACE, ACE Z-score and the BAL CD4/CD8 ratio), while accumulation correlated
negatively with all four clinical parameters (VC, FEV1, Tiffeneau index and DLCO).

The finding that TNF-α expression differs between sarcoidosis patients is in agreement with previous
research. ASANO et al. [7] measured TNF-α levels in lymph node samples of sarcoidosis patients and
observed highest levels in lymph nodes in the active stage as opposed to the early and healing stages.
FEHRENBACH et al. [5] showed that the level of bioactive TNF-α spontaneously released by isolated BAL
immune cells differed between patients. Highest levels were observed in the presence of aggregates of
alveolar macrophages, which represent predecessors to granulomas. Well-developed granulomas were
associated with lower levels of TNF-α release, confirming that TNF-α is important during the initial phase
of granuloma formation [5].

A variable TNF-α expression as measured by 99mTc-infliximab scintigraphy was also observed by GALLI

et al. [22] in a similar group of newly diagnosed pulmonary sarcoidosis patients. They observed that the
pulmonary accumulation of 99mTc-infliximab was very low and variable and showed no correlation with
the pulmonary 18F-FDG PET/CT SUVmax values. A moderate correlation was observed with the CD4/CD8
ratio in peripheral blood lymphocytes, but not with the CD4/CD8 ratio or cellularity of BAL, possibly
because of the small sample size. The authors also explained the differences between 18F-FDG and
99mTc-infliximab by the different mechanism of uptake of the two radiopharmaceuticals and by the
individual variability in the production of TNF-α.

In the present study we expanded the scope with several clinical and laboratory parameters. Results
confirmed a limited correlation between 99mTc-infliximab accumulation in the lung parenchyma and all
laboratory and clinical parameters, with the highest radiopharmaceutical accumulation observed in the
lymph nodes. An explanation could be a lower TNF-α concentration in the lung tissue, potentially caused
by a washout of soluble TNF-α due to high perfusion. An additional explanation for the lower overall
uptake in the lung parenchyma could be the normal or only mildly altered lung function observed in our
population. This is confirmed by 18F-FDG PET/CT, demonstrating limited or no metabolic activity in the

TABLE 4 Summary of correlation analysis with 18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET)/computed tomography (CT)

SUVmax 18F-FDG PET/CT

Left
hilar
lymph
node

p-value Right
hilar
lymph
node

p-value Subcarinal
lymph node

p-value Lung
parenchyma

p-value

Serum ACE −0.37 0.33 −0.18 0.64 −0.19 0.63 −0.093 0.81
ACE Z-score# −0.56 0.15 −0.41 0.31 −0.42 0.30 −0.025 0.95
sIL-2R −0.19 0.60 0.025 0.95 −0.065 0.86 0.16 0.66
BAL CD4/
CD8 ratio

−0.088 0.82 0.041 0.92 −0.070 0.86 0.32 0.41

VC 0.18 0.63 0.19 0.59 0.18 0.63 −0.65 0.041
FEV1 0.22 0.54 0.19 0.60 0.24 0.51 −0.70 0.024
DLCO 0.44 0.21 0.34 0.34 0.52 0.13 −0.62 0.057
Tiffeneau
index¶

0.40 0.26 0.29 0.42 0.46 0.18 −0.39 0.26

Anti-TNF-α
scintigraphy

−0.21 0.56 0.36 0.31 −0.33 0.35 −0.55 0.26

Data are presented as r, unless otherwise stated. Bold type indicates p<0.05. SUVmax: maximum
standardised uptake value; ACE: angiotensin-converting enzyme; sIL-2R: soluble interleukin-2 receptor;
BAL: bronchoalveolar lavage; VC: vital capacity; FEV1: forced expiratory volume in 1 s; DLCO: diffusing
capacity of the lung for carbon monoxide; TNF: tumour necrosis factor. #: ACE insertion-/deletion-corrected
ACE activity; ¶: FEV1/forced vital capacity×100.

1204 DOI: 10.1183/13993003.01352-2015

SARCOIDOSIS | R. VIS ET AL.



lung parenchyma in six out of 10 patients. The mild pulmonary involvement suggests a limited
parenchymal TNF-α expression and subsequent low 99mTc-infliximab accumulation.

We observed no correlation between the accumulation of 99mTc-infliximab and 18F-FDG PET/CT SUVmax

values.

Our findings of 99mTc-infliximab accumulation correlating with clinical parameters are in line with
literature on rheumatoid arthritis. In a study using 99mTc-adalimumab, another TNF-α inhibitor, BARRERA

et al. [24] found that joint uptake of 99mTc-adalimumab in five rheumatoid arthritis patients decreased
after treatment with systemic corticosteroids and was indicative of a decrease in the rheumatoid arthritis
disease activity score. In a similar study, ROIMICHER et al. [25] found good correlation between
99mTc-adalimumab uptake and magnetic resonance imaging of hands and wrists in eight rheumatoid
arthritis patients. 99mTc-adalimumab scintigraphy showed a higher sensitivity than clinical examination.
The value of 99mTc-infliximab scintigraphy in the prediction of the response of intra-articular infliximab
in 12 rheumatoid arthritis and spondylarthropathy patients was illustrated by CONTI et al. [20]. Affected
joints showed higher tracer uptake than nonaffected joints and the degree of tracer accumulation prior to
therapy allowed to distinguish responders, partial responders and nonresponders. In contrast,
D’ALESSANDRIA et al. [21] found that 99mTc-infliximab scintigraphy could not predict clinical outcome in
10 patients with Crohn’s disease. Possible explanations discussed by the authors were either low TNF-α
production in the gut of Crohn’s disease patients, low 99mTc-infliximab extravasation at the
radiopharmaceutical dose of 200 μg or the pre-treatment with oral prednisone (1 mg·kg−1) which could
have resulted in downregulation of bowel TNF-α expression.

Serum TNF-α levels in serum in our patients were in the range 13.9–111 pg·mL−1, which is in agreement
with reported values [26]. Although a statistically significant correlation was found with the sIL-2R and
serum ACE concentrations, no significant correlation was found with the ACE Z-score, BAL CD4/CD8
ratio or any of the clinical parameters. This finding illustrates that the measurement of circulating (soluble)
TNF-α is not equivalent to measurement of local TNF-α expression in tissue that includes transmembrane
TNF-α, which plays an important role in granulomatous diseases such as sarcoidosis [27].

A correlation between accumulation of 99mTc-infliximab and serum sIL-2R and ACE concentrations is
plausible from the perspective of existing knowledge. KEICHO et al. [28] and INA et al. [29] observed higher
levels of sIL-2R in serum of patients with active sarcoidosis compared with inactive disease and found a
significant correlation with serum ACE levels. Alveolar macrophages are a source of sIL-2R, ACE and
TNF-α [4, 5, 28, 29]. It therefore seems that the initial phase of granuloma formation is associated with
higher levels of sIL-2R, ACE and TNF-α, and based on the latter, a higher accumulation of
99mTc-infliximab. Despite these associations, sIL-2R, ACE and TNF-α are not interchangeable. While
alveolar macrophages are the main source of TNF-α in sarcoidosis, T-lymphocytes and monocytes also
release sIL-2R, and epitheloid cells and monocytes contribute to the production of ACE [5, 29]. In our
study group, the accumulation of 99mTc-infliximab showed better correlation with clinical parameters than
sIL-2R, serum ACE/ACE Z-score and serum TNF-α.

Correlation analysis with 18F-FDG PET/CT SUVmax values in our population showed limited correlation
with laboratory parameters, clinical parameters or 99mTc-infliximab accumulation. These findings support
that 18F-FDG PET/CT and 99mTc-infliximab scintigraphy are not equivalent and confirms the notion that
high activity on 18F-FDG PET/CT is not necessarily indicative of high TNF-α expression.

A limitation of our study is the small group size (10 patients) and subsequent limited statistical power.
Since it involved a pilot study we chose newly diagnosed patients without prior immunosuppressive
therapy to avoid the risk of suppression of TNF-α expression. Future research should focus on a
population with an indication for anti-TNF-α therapy to evaluate the correlation between 99mTc-infliximab
pre-therapy accumulation and treatment response.

Compared with the SUVmax values obtained with 18F-FDG PET/CT the ratios of T/B values in the SPECT/
CT images obtained with 99mTc-infliximab are less pronounced. A major contribution in this respect is the
high activity in the blood pool, which is due to the long biological half-life of infliximab (9 days). The short
physical half-life of 99mTc (6 h) necessitates scanning within 24 h. An interesting possible way of addressing
this issue is the use of a radioactive isotope with a longer physical half-life, e.g. zirconium-89 (physical
half-life 78 h), which has been used successfully in the radiolabelling and clinical application of other
monoclonal antibodies [30]. Finally, a tool to quantify the total activity in one organ (e.g. the lungs), as
opposed to the focal activity measurements used in our study, might have great clinical value [31]. If such
tools become available and are properly validated, they should be used in future studies.

Our population consisted of pulmonary sarcoidosis patients. WIJNEN et al. [19] recently discussed that the
higher infliximab response rate observed for sarcoidosis patients suffering from uveitis is probably
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determined by the shorter time between diagnosis and initiation of anti-TNF-α treatment compared with
small-fibre neuropathy and respiratory functional impairment. At least a partial explanation may be that
TNF-α expression is higher during early granuloma formation phases. As our results illustrate that serum
TNF-α levels correlate poorly with clinical parameters, it will be important to quantify TNF-α expression
in tissue, including transmembrane TNF-α, e.g. by means of scintigraphic measurement. Early intervention
with infliximab as part of an aggressive treatment has already been investigated for early rheumatoid
arthritis and has been proven to be beneficial, although the increased effects were sometimes limited [32,
33]. An aggressive anti-TNF-α intervention strategy for clinically threatened sarcoidosis patients with the
highest TNF-α expression, even as second- or first-line therapy, has the potential of increased efficacy,
prevention of disease progression and higher cost-effectiveness.

In conclusion, our results show that a variable, selective accumulation of 99mTc-infliximab occurs in newly
diagnosed sarcoidosis patients, mainly in the hilar lymph nodes. Thus, 99mTc-infliximab accumulation
reflects the TNF-α expression in each individual patient and therefore provides valuable information on
the presence of the biological target for anti-TNF-α therapy. Further research is warranted to evaluate the
role of 99mTc-infliximab scintigraphy in predicting anti-TNF-α therapy response in sarcoidosis patients.
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