Is There a Role for FDG PET Imaging in the Management of
Patients with Sarcoidosis?

Sarcoidosis is a chronic inflamma-
tory-granulomatous disease of un-
known cause and can involve almost
any organ. However, lungs are fre-
quently affected and pulmonary man-
ifestations of the disease dominate
compared to other organs (1,2).

It is believed that the original pul-
monary lesions consist of mononu-
clear (macrophage) cell infiltration of
interstitial tissue of the lung. This in-
flammatory reaction is followed by
formation of granulomas which are
characteristic of this disease. While
the majority of granulomas resolve
over time, in some instances fibrosis
ensues with subsequent tissue dys-
function (3). Therefore, disease activ-
ity can be best assessed by detecting
and quantifying the inflammatory and
granulomatous reactions that occur in
the lungs and elsewhere in the body.

Clinical assessment of pulmonary
involvement is considered important
in the management of patients with
sarcoidosis. Resting pulmonary func-
tion tests (PFTs) usually reveal a mix-
ture of restrictive and obstructive pat-
terns which are nonspecific findings
(4). Chest x-rays are somewhat insen-
sitive in detecting parenchymal in-
volvement when compared to his-
topathological results. Up to 60% of
patients with granulomata demon-
strated on transbronchial biopsy are
found to have normal chest-x-rays (5).

Conventional computed tomogra-
phy (CT) can detect nodular and cys-
tic lesions, adenopathy and pleural in-
volvement. However, early and subtle
abnormalities of the lungs are fre-
quently missed by conventional CT
techniques. The use of high-resolution
CT (HRCT) may improve the overall
accuracy in staging pulmonary in-
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volvement in sarcoidosis. In a recent
retrospective study, Lynch et al. (6)
reported very good sensitivity for
HRCT in detecting pulmonary abnor-
malities in 15 patients with confirmed
diagnosis of sarcoidosis. They also
compared the results with those noted
on %’Ga scintigraphy. However, the
extent of nodularity (considered as ev-
idence for disease activity) seen on
HRCT did not correlate with disease
activity noted on the ®’Ga scan. Fur-
thermore, in several cases the results
of bronchoalveolar lavage (BAL) was
considered as evidence for disease ac-
tivity and not the histopathological ex-
amination. Also bias in selecting pa-
tients cannot be ruled out because of
the retrospective nature of this study.
It is well known that fibrosis of the
parenchyma may persist during or af-
ter successful treatment which may
result in inaccurate diagnosis (7).

MRI has also been utilized in the
evaluation of patients with sarcoid-
osis. Muller et al. (8), who studied 25
patients with chronic infiltrative lung
disease (6 of them secondary to sar-
coidosis), showed MRI to be less ac-
curate than HRCT in the anatomic as-
sessment of lung disease. However,
areas of air-space opacification
(ground-glass opacities) were well vi-
sualized by MRI which correlated
with the presence of alveolitis on his-
topathological analysis. Large scale
prospective studies are necessary to
establish the appropriate application
of HRCT and MRI in staging and fol-
low-up examination of patients with
pulmonary sarcoidosis.

Functional imaging studies, such as
those obtained with ’Ga, have been
used to diagnose and assess disease
activity (9-12). The mechanism of
'Ga-citrate uptake is unclear in many
disorders in which this radiotracer is
used for diagnostic purposes. How-
ever, it is believed that ’Ga is actively
taken up by mononuclear phagocytes

in the lesions located either in the
lungs or other organs in patients with
active sarcoidosis (13-15). Measur-
able uptake of this agent is interpreted
as evidence for active inflammatory
disease (16-18). Quantitative mea-
surement of ®’Ga uptake may allow
assessment of the degree of the dis-
ease activity (19).

This scintigraphic study has been
shown to be highly sensitive but
somewhat nonspecific in this disorder.
Some groups have suggested that with
careful interpretation of ‘lambda’
(peri, infra-hilar and mediastinal ade-
nopathy) and ‘‘panda’ (parotid and
salivary glands involvement) patterns,
the specificity of the test can be im-
proved considerably. In a recent pro-
spective study, Sulavik et al. (20) de-
termined the sensitivity and specificity
of these two patterns in 162 patients
with sarcoidosis and in 167 HIV-pos-
itive patients (most of them with
AIDS). The authors compared the
scintigraphic results with those re-
vealed by chest x-rays. Thirty-three
percent of the patients with sarcoid-
osis and with normal chest x-rays
showed evidence of active alveolitis
by a $’Ga scan. Also the lambda sign
was not seen in any of the 167 HIV-
positive patients, confirming the high
specificity of this finding. The authors
concluded that the high sensitivity and
specificity obtained with the com-
bined use of chest x-rays and ’Ga
scans preclude the use of invasive pro-
cedures for diagnostic purposes. The
other advantage of ®’Ga is the poten-
tial for staging extra-thoracic involve-
ment with a single injection and imag-
ing session. Uptake of ’Ga is noted in
approximately two-thirds of patients
with sarcoidosis and has been seen in
over 9% of active cases (21). Nega-
tive ’Ga scans have been reported in
68%-87% of cases with dormant dis-
ease.

Proponents of ®’Ga scanning in sar-
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coidosis believe that the findings on
the images correlate with disease ac-
tivity and is more sensitive than serum
angiotensin-converting enzyme (ACE)
level for following the course of the
disease (22). However, controversies
still exist regarding the use of bron-
choalveolar lavage (BAL), ®’Ga and
ACE level in the disease activity as-
sessment of patients with sarcoidosis.
A negative ®’Ga scan following ade-
quate treatment is often associated
with good response (23). However, a
positive 4’Ga scan appears to provide
little information with regard to re-
sponse in these patients. In other
words, a sizable number of patients
with positive ’Ga scans may not re-
quire therapy (13,24).

Evidence of increased glucose me-
tabolism in inflamed tissue has been
demonstrated by different experimen-
tal studies (25-27). In a longitudinal
study, Daley et al. (27) demonstrated
that increased glycolysis in injury-
induced wounds is an aerobic process.
They suggested that this increase in
metabolic activity was related to the
presence of inflammatory cells on
sites of injury. Newsholme et al. (28)
demonstrated that inflammatory cells
produce 7-8 times higher levels of
ATP in the activated states when com-
pared to that in the baseline condition.
Mauel (29) also showed significantly
increased glucose oxidation through
the hexose monophosphate shunt
pathway when murine macrophages
were exposed to dilutions of the bac-
terial extract OM-85 BV. The mecha-
nisms underlying the high glycolitic
rate in inflammatory tissue are not
completely understood at the present
time. Macrophages are known to have
high rates of protein secretion and
membrane recycling. Adequate con-
centrations of glucose-6-phosphate (for
ribose phosphate formation) and glyc-
erol-3-phosphate (for phospholipid syn-
thesis), which are required as interme-
diate  substrates for  protein
biosynthesis, are produced as a conse-
quence of glycolysis. Therefore, rap-
idly dividing cells, such as activated in-
flammatory cells, have high glycolitic
activity in order to satisfy their high
energy demands. This is supported by
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the evidence of the increased metabolic
activity noted during injury, trauma or
sepsis which may be attributed to high
demands for energy by macrophages
and possibly other cells involved in the
immunologic responses (28). Histologic
studies of biopsy specimens suggest
that macrophages, which contribute to
granuloma formation, are activated
(30). This may explain in part why
granulomatous lesions show strong
avidity for FDG.

The introduction of the '®F-flu-
orodeoxyglucose (FDG) technique
opened a new phase in the investiga-
tion of regional metabolic activities of
various organs and many disorders.
The FDG method is based on the bio-
chemical properties of this chemical.
FDG is transported between the blood
and various tissues (this has been well
established in the brain tissue) by the
same carrier that transports glucose
(31). FDG is phosphorilated by hex-
okinase to FDG-6-phosphate. How-
ever, in contrast to glucose-6-phos-
phate which is eventually metabolized
to CO, and water, FDG-6-phosphate
is not a substrate for glucose-6-phos-
phate dehydrogenase. Therefore,
FDG-6-phosphate and its derivatives
are essentially trapped in most tissues
(including the tumor and inflammatory
tissues) for at least a long enough time
to allow imaging with modern PET in-
struments. Changes in tumor glucose
transport and hexokinase activity will
also affect transport and phosphoryla-
tion of deoxyglucose (32). Unlike the
brain and heart tissues where the bio-
chemical behavior of deoxyglucose is
relatively well characterized, the ex-
act mechanism of uptake and reten-
tion of this compound in the cancer
and inflammatory cells remains to be
explored. This lack of knowledge may
prevent quantitative measurement of
absolute metabolic rates in tumor and
inflammatory tissues. However, semi-
quantitative techniques which have
been validated and widely used, allow
reproducible measurement of meta-
bolic activities of the disorder.

The initial application of the FDG
method in man included the investiga-
tion of the effects of various physio-
logical and pathological states on re-

gional brain metabolism and function
(33). A great deal of knowledge has
been gained about some complex dis-
orders that affect the brain. Since the
early 1980s, the potential applications
of this technique in the investigation
of coronary artery disease and cancer
has been realized. The use of this
methodology in the diagnosis, staging
and follow-up of various malignancies
has been quite rewarding and has
overcome some of the deficiencies en-
countered with other imaging tech-
niques (34). However, similar to other
nuclear medicine and radiologic tech-
niques, FDG uptake is not specifically
seen in cancer tissues. As expected, it
has been shown that sights of inflam-
mation appear with high metabolic ac-
tivity on FDG PET images. In exper-
iments involving mice and rats,
Yamada et al. (35) demonstrated sim-
ilar accumulation of “’Ga and FDG in
inflammatory tissues. Meyer et al.
(36) also showed intense accumula-
tion of FDG in a 2-wk-old fracture of
the clavicle and scapula, which prob-
ably represents reparative and inflam-
matory changes in the fractured site.
Therefore, with this technique the po-
tential for false-positive results exists
when patients with cancer and co-
existing inflammatory disorders are
examined. However, in the appropri-
ate setting, this undesirable behavior
may provide useful clinical informa-
tion. Detection of inflammatory sites
in patients with suspected infection
and determination of disease activity
in an already diagnosed inflammatory
disorder are of considerable clinical
relevance.

In this issue of the Journal, Lewis
et al. describe their preliminary results
in two patients with proven sarcoid-
osis where the FDG PET images re-
vealed intense uptake of the tracer in
multiple sites corresponding to the in-
volved structures (37). As the authors
correctly point out, these cases clearly
demonstrate the nonspecificity of the
FDG PET technique in distinguishing
an inflammatory process from that of
malignancy. Since both sarcoidosis
and lymphomas affect lymphoid sys-
tems throughout the body, the pattern
noted on the FDG PET images is non-
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specific and can not differentiate be-
tween the two. Therefore, the role of
FDG PET imaging in the diagnosis of
sarcoidosis is limited. However, in a
patient with proven diagnosis of sar-
coidosis, additional information may be
obtained utilizing the FDG PET scan.

It is well established that PET gen-
erally provides high quality images
with superior resolution and con-
trast compared to those acquired with
SPECT. It is conceivable that the ex-
tent of involvement and quantification
of the disease activity can be more
accurately assessed by FDG PET than
with ’Ga scintigraphy and other im-
aging studies. Preliminary data pro-
vided by these authors support this.
However, large-scale, well designed
studies are necessary to define the role
of this powerful technique in the man-
agement of patients with sarcoidosis.
In the meantime, the routine use of
PET in this disorder is unwarranted
because of its limited availability and
costs. Therefore, in spite of its defi-
ciencies, ©’Ga scanning is considered
the appropriate imaging study in the
correct clinical setting in these pa-
tients. One must keep in mind that the
use of high-resolution SPECT imaging
to delineate the uptake of ’Ga may
improve its value in the assessment of
patients with sarcoidosis. This may
improve the ability to determine the
extent and the activity of the disease.
Finally, the introduction of new and
novel tracers such as J001 macrophage
targeting glycolipeptide (38) and '"'In-
octreotide (39) may further improve
our ability to diagnose, stage and mon-
itor the course of the disease during and
after therapeutic interventions.

Abass Alavi

Carlos A. Buchpiguel

Antje Loessner

Hospital of the University of
P .

Philadelphia, Pennsylvania

1. Bascon R, Johns CJ. The natural history and
management of sarcoidosis. Adv Intem Med
1986;31:213-221.

2. Elias JA, Daniele RP. Systemic sarcoidosis. In:
Baum GL, Wolinsky E, eds. Textbook of pul-

1652

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Williams MH.

monary diseases, fourth edition. Boston: Little
Brown; 1989:663-688.

. Daniele RP, Rossman MD, Kem JA, et al.

Pathogenesis of sarcoidosis: state of the art.
Chest 1986;89:174-1T7.

function in sarcoid-
osis. In: Fanburg BL, ed. Sarcoidosis and other
granulomatous diseases of the lung. New York:
Marcel Dekker; 1983:77-95.

. Rohatgi PK, Kuzmowych TV, Delaney MD.

Indications for transbronchial lung biopsy in the
diagnosis of intrathoracic sarcoidosis. Respira-
tion 1981;42:155-160.

. Lynch DA, Webb R, Gamsu G, et al. Computed

tomography in pulmonary sarcoidosis. J Com-
put Assist Tomogr 1989;13:405-410.

. Muller NL, Staples CA, Miller RR, et al. Dis-

ease activity in idiopathic pulmonary fibrosis:
CT and pathologic correlation. Radiology 1987;
165:731-734.

. Muller NL, Mayo JR, Zwirewich CV. Value of

MR imaging in the evaluation of chronic infil-
trative lung discases. AJR 1992;158:1205-1209.

. Line BR, Hunninghake GW, Keogh BA, et al.

Gallium-67 scanning to stage the alveolitis of
sarcoidosis: correlation with clinical studies,
pulmonary function studies and bronchoalveo-
lar lavage. Am Rev Respir Dis 1981;123:440-
446

Sulavik SB, Spencer RP, Weed DA, et al. Rec-
ognition of distinctive patterns of gallium-67 dis-
tribution in sarcoidosis. J Nucl Med 1990;31:
1909-1914.

Kamma A, Poukkula AA, Roukonen AO. As-
sessment of activity of ocular sarcoidosis by
gallium scanning. BrJ Ophthalmol 1987;71:361-
367.

Alavi A, Palevsky HI. Gallium-67-citrate scan-
ning in the assessment of disease activity in
sarcoidosis. J Nucl Med 1992;33:751-755.
Baughman RP, Fernandez M, Bosken CH, et
al. Comparison of gallium-67 scanning, bron-
choalveolar lavage and serum angiotensin-con-
vemng enzyme levels in pulmonary sarcoid-
osis. Predicting response to therapy. Am Rev
Respir Dis 1984 129:676-681.

Line BR, Hunninghake GW, Keogh BA, et al.
Gallium-67 scanning to stage the alveolitis of
sarcoidosis: correlation with clinical studies,
pulmonary function studies, and bronchoalveo-
larlmge Am Rev Respir Dis 1981;123:440-

lstael HL, Gushue GF, Park CH. Assessment
of gallium-67 scanning in pulmonary and extra-
pulmonary sarcoidosis. Ann N'Y Acad Sci 1986;
465:455-462.

Niden AH, Mishkin FS, Salem F, et al. Prog-
nostic significance of gallium lung scan in sar-
coidosis. Ann N'Y Acad Sci 1986;465:435.
Sulavik SB, Palestro CJ, Spencer RP, et al.
Extrapulmonary sites of radiogallium accumu-
lation in sarcoidosis. Clin Nucl Med 1990;15:
876-878.

Line BP. Scintigraphic studies of inflammation
in diffuse lung discase. Radiol Clin North Am
1991;29:1095-1114.

Alberts C, Van der Schoot JB. Standardized
quantitative *’Ga scintigraphy in p
sarcoidosis. Sarcoidosis 1988;5:111-118.

. Sulavik SB, Spencer RP, Palestro CJ, et al.

Specificity and sensitivity of distinctive chest
radiographic and/or ’Ga images in the nonin-
vasive diagnosis of sarcoidosis. Chest 1993;103:
403-409.

21. Klech H, Kohn H, Kummer F, et al. Assess-
ment of activity in sarcoidosis. Chest 1982;82:
732-738.

22. Lawrence EC, Teague RB, Gottlieb MS, et al.
Serial changes in markers of disease activity
with corticosteroid treatment in sarcoidosis.
Am J Med 1983;74:747-156.

23. Keogh BA, Hunninghake GW, Line BR, et al.
The alveolitis of pulmonary sarcoidosis. Evalu-
ation of natural history and alveolitis-dependent
changes in lung function. Am Rev Respir Dis
1983;128:256-265.

24. Hollinger WM, Staton GW Jr, Fajman WA, et
al. Prediction of therapeutic response in steroid-
treated pulmonary sarcoidosis. Evaluation of
clinical parameters, bronchoalveolar lavage,
gallium-67 lung scanning, and serum angioten-
sin-converting enzyme levels. Am Rev Respir
Dis 1985;132:65-69.

25. Nelson KM, Turinsky J. Local effect of burn on
skeletal muscle insulin responsiveness. J Swg
Res 1981;31:288-297.

26. Amaral JF, Shearer JD, Mastrofrancesco B, et
al. Can lactate be used as a fuel by wounded
tissue? Swgery 1986;100:252-261.

27. Daley JM, Shearer JD, Mastrofrancesco B, et
al. Glucose metabolism in injured tissue: a lon-
gitudinal study. Surgery 1990;107:187-192.

28. Newsholme P, Newsholme EA. Rates of utili-
zation of glucose, glutamine and oleate and for-
mation of end-products by mouse peritoneal
macrophages in culture. Biochem J 1989;261:
211-218.

29. Mauel J. Macrophage activation by OM-85 BV.
Respiration 1992;5%suppl 3):14-18.

30. Dannenberg AM Jr. hages in inflamma-
tion and infection. N Engl J Med 1974;293:489-
493.

31. Sokoloff L, Reivich M, Kennedy C, et al. The
(*C)-deoxyglucose method for the measure-
ment of local cerebral glucose utilization: the-
ory, procedure and normal values in the con-
scious and anesthetized albino rat. J
Neurochem 1977;28:897-916.

32. Som P, Atkins HL, Bandoypadhyay D, et al. A
fluorinated glucose analog, 2-fluoro-2-deaxy-D-
glucose (18F): nontoxic tracer for rapid tumor
detection. J Nucl Med 1980;21:670-675.

33. Alavi A, Hirsch LJ. Studies of central nervous
system disorders with single photon emission
computed tomography and positron emission

: evolution over past two decades.
Semin Nucl Med 1991;21:58-81.

34, Hawkins RA, Hoh C, Glaspy J, et al. The role
of positron emission tomography in oncology
and other whole-body applications. Semin Nucl
Med 1992;22:268-284.

35. Yamada S, Kubota K, Kubota R, et al. Accu-
mulation of fluorine-18-| ucose in
inflammation tissue [Abstract]. J Nucl Med
1993;34:103P.

36. Meyer M, Gast T, Raja S, et al. Increased '*F-
FDG accumulation in an acute fracture. Clin
Nucl Med 1994;19:13-14.

37. Lewis PJ, Salama A. Uptake of fluorine-18-flu-
orodeoxyglucose in sarcoidosis. J Nucl Med
1994;35:1647-1649.

38. Diot R, Lemarié E, Baulie JL, et al. Scintigra-
phy with J0O1 macrophage targeting glycoli-
popeptide. A new approach for sarcoidosis im-
aging. Chest 1992;102:670-676.

39. Krenning EP, Kwekkeboom DJ, Reubi JC, et
al. Indium-111-octreotide scintigraphy in oncol-
ogy. Digestion 1993;54(Suppl):84-87.

The Joumnal of Nuclear Medicine * Vol. 35  No. 10 * October 1994





