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Abstract. In the past, gallium-67 imaging has undergone 
several ups and downs related to its clinical importance. 
After a period of initial enthusiasm, its role and indications 
are now established. At present, there are two fields of 
clinical interest for 67Ga-imaging: (1)mediastinal staging 
in bronchogenic carcinoma and the staging of malignant 
lymphoma; (2) assessment of  activity in interstitial lung dis- 
eases, especially sarcoidosis and inflammatory lung dis- 
orders. The advantage of 67Ga-imaging is that it is highly 
sensitive for the detection of neoplastic and inflammatory 
processes, independent of  anatomical barriers. Particularly 
with the challenge of AIDS, 67Ga-imaging will gain increas- 
ing importance in the future. The low specificity of gallium 
for detecting underlying disorders precludes its use as a 
primary diagnostic tool. Therefore, and because of the cost 
and radiation load, the indications for application will have 
to be selected very carefully. 
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Since its introduction by Edwards and Hayes in 1969, the 
clinical value of gallium-67 scanning has remained contro- 
versial, despite the fact that numerous reports and reviews 
(Siemsen 1978; Bekerman 1980; Neumann 1984; Niden 
1984; Yeh 1984; Waxman 1986) are available. However, 
67Ga scanning of the thorax is used worldwide as well as 
in our institution as an adjunct to radiography for a number 
of specific indications: 
1. To assess hilar and mediastinal involvement in pulmo- 
nary malignancies 
2. To assess extent, location and inflammatory activity of 
diffuse lung diseases such as sarcoidosis and other granulo- 
matous lung disorders, extrinsic allergic alveolitis, intersti- 
tial lung fibrosis of various etiology, pneumoconioses, etc. 
3. To follow up progression or response to treatment in 
these inflammatory disorders 
4. To detect disseminated interstitial disease that escapes 
visualization by chest radiography in selected cases. 

Controversy focuses mostly on the issues of reliability 
of 67Ga scanning in assessment of  malignant disorders 
(McKenna 1985) and of interpretation of the result clini- 
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cally in inflammatory lung disorders. Furthermore, the 
issues of restricted availability, costs and radiation load 
have been heavily disputed in the past (Whitcomb 1984). 

This article describes the authors' experience with tho- 
racic 67Ga scanning, summarizes the present literature, and 
critically reviews the current clinical use of 67Ga scanning 
as well as its limitations. 

Mechanism of localisation 

The uptake mechanism is probably the most fascinating 
aspect of 67Ga scanning. Since here we have an "imaging 
of cells," in contrast to other means of imaging, the uptake 
of 6VGa is not restricted by anatomical barriers. However, 
the exact uptake mechanism in tumors or inflammatory 
lesions is unknown. 67Ga is bound to transferrin in the 
blood and accumulates in the lysosomal fraction of leuko- 
cytes, macrophages, reticuloendothelial cells and tumor 
cells (Hoffer 1980). Interference with transferrin receptors 
on the tumor cells is suggested as the primary reason for 
67Ga accumulation (Hoffer 1978; Larson 1978; Vallabhajo- 
sula 1983). Increased capillary leakage on inflammation 
sites and a direct bacterial uptake may be other contributing 
factors. 

67Gal l ium s c a n n i n g  in thorac ic  m a l i g n a n c i e s  

Table 1 lists the patients with various malignant thoracic 
disorders that have been investigated at our institution since 
1979. 

Table 1. Own series of patients with malignant intrathoracic dis- 
orders 

Lung cancer 146 
Mesothelioma 9 
Pulmonary metastases 17 
Hodgkin's lymphoma 23 
Non-Hodgkin's lymphoma 33 

Total 228 

Materials and methods 

Gallium imaging was done 72 h after intravenous adminis- 
tration of 3 mCi 67Ga citrate. Large bowel clearing by use 
of laxatives preceded the administration. A whole-body hy- 



Table 2. Assessment of mediastinal lymph node involvement (N2) 
in 55 patients with lung cancer 

Excluded Confirmed 

Mediastinoscopy 10 5 
Transbronchial needle biopsy 3 11 

Thoracotomy 21 3 
Necropsy 0 2 

Total 34 21 

Table 3. Uptake of 67Ga in primary lung tumors 

Positive 6VGa uptake 
n % 

Primary lesion >3 cm 83/ 87 95 
Primary lesion <3 cm 36/ 59 61 

Total 119/146 82 
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brid scanner (Scannicamera, CGR, spectrometer setting 
150-400 keV) or a multipeak large-field gamma camera us- 
ing the three major photon peaks of gallium and equipped 
with a high-energy collimator was used. 

For evaluation of mediastinal involvement, a 67Ga scan 
was considered as positive if the hilar and/or mediastinal 
region showed an abnormal uptake. 

In a prospective clinical study of 55 patients with lung 
cancer, sensitivity and specificity of 67Ga scanning in de- 
tecting mediastinal lymph node metastases were evaluated 
and compared to conventional chest radiography, including 
chest tomography as well as computed tomography (CT). 
Sixteen patients had squamous cell carcinoma, 12 had ade- 
nocarcinoma, 12had small cell carcinoma, and 15had 
other types of bronchogenic carcinoma. 

Chest radiographs, conventional chest tomographs, 
computed tomographs, and 67Ga scans were examined by 
two independent investigators. Interobserver variance was 
checked prior to evaluation and accordance was obtained 
in 95% of the selected cases. 

A third-generation tomograph [Somatom DR3, 8 mm 
sections, matrix 512 x 512, 100 ml contrast medium, 0.5 ml/ 
s, Angiografin (Schering)] was used for CT. Evaluation of 
mediastinal lymph nodes by CT considered size, extent, and 
location with regard to primary tumor location as pre- 
viously described (Hajek 1985). Mediastinal metastatic 
spread was confirmed in 21 patients and excluded in 34 pa- 
tients by means of mediastinoscopy, transbronchial needle 
aspiration, thoracotomy, or necropsy (see Table 2). 

Results 

Primary lung cancer 

In our series of 146 patients with lung cancer, 119 cases 
revealed positive uptake on the tumor site (82%). Lesions 

smaller than 3 cm were more difficult to detect than those 
larger than 3 cm (Table 3). Uptake of 67Ga exceeded the 
size of the lesion in those cases where pneumonia due to 
bronchial obstruction was observed (n = 3). We did not find 
essential differences of 67Ga uptake among the various 
histological types of tumors. In patients with alveolar cell 
carcinoma, the 67Ga uptake sometimes did not match all 
the lesions demonstrated on chest radiography. 

Detection of mediastinal metastases 

The results of our series of 55 patients are shown in Tables 4 
and 5. In patients with confirmed metastatic spread, con- 
ventional chest radiography had a true-positive rate (sensi- 
tivity) of only 66%. Conventional chest tomography in- 
creased the sensitivity to only 71%. In contrast to this, both 
CT and 67Ga scanning had a sensitivity of 90%. When used 
in combination (CT plus 67Ga), the sensitivity reached 
nearly 100%. An example is given in Fig. 1. 

In patients where mediastinal involvement could be ex- 
cluded, both chest radiography and conventional tomogra- 
phy of the mediastinum were negative in 32 of 34 cases 
(specificity=94%). In three cases (13%), CT yielded false- 
positive results (specificity=87%). In these cases medias- 
tinal CT revealed enlarged lymph nodes (>  1.5 cm) within 
the usual lymphatic drainage area of the tumor but malig- 
nancy could not be confirmed by mediastinoscopy or ne- 
croscopy. In most cases with centrally located primary tu- 
mors, CT was better than 67Ga scanning in discriminating 
between metastases and primary tumors. Thus, differentia- 
tion of centrally located primary tumors from mediastinal 
metastases was more difficult with 67Ga scanning. False- 
positive results with 6VGa, the lesions mimicking medias- 
tinal tumor involvement, were observed in six cases (16%), 
yielding a specificity of 84%. In five of these cases no reason 
for the mediastinal 67Ga uptake was identified. In one case 

Table 4. Proven mediastinal spread (n-  21) 

Histologic type n True positive 

Chest X-ray Conventional tomography CT 67Ga 

Squamous cell 5 3/ 5 3/ 5 3/ 3 4/ 5 
Adeno cell 2 2/ 2 2/ 2 2/ 2 
Small cell 9 6/ 9 6/ 9 5/ 6 9/ 9 
Others 5 3/ 5 4/ 5 2/ 2 3/ 3 

Total 21 14/21 15/21 10/11 18/20 
Sensitivity 66% 71% 90% 90% 
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Table 5. No mediastinal spread (n = 34) 

Histologic type n True negative 

Chest X-ray Conventional tomography CT 67Ga 

Squamous cell 1 t 10/11 10/11 7/ 7 8/11 
Adeno cell 10 10/10 10/10 7/ 9 8/10 
Small cell 3 3/ 3 3/ 3 1/ 1 i/ 2 
Others 10 9/10 9/10 5/ 6 8/10 

Total 34 32/34 32/34 20/23 25/33 
Specificity 94% 94% 87 % 75 % 

Fig. 2. 67Ga camera scan of a patient with primary non-small cell 
carcinoma of the right medial lower lobe with hilar (NI) metas- 
tases. False-positive mediastinal 67Ga uptake was due to recent 
mediastinoscopy (2 days prior to injection of 67Ga). Mediasti- 
nal (N2) metastases were excluded by thoracotomy 

Fig. 1. Computed tomography and whole-body 67Ga scan of a 
46-year-old patient with primary non-small cell carcinoma of the 
middle lobe. Neither conventional chest X-ray nor radiographic 
chest tomography showed any signs of hilar or mediastinal meta- 
stases. 67Ga scanning documented pathological uptake in the right 
hilum and in the mediastinum. Hilar (N1) and mediastinal (N2) 
metastases were confirmed by thoracotomy 

mediastinal 67Ga uptake due to nonspecific inflammatory 
reactions was observed after mediastinoscopy, performed 
2 days prior to 67Ga injection (see Fig. 2). 

Discussion 

Uptake in primary lung cancer 

Gallium-67 uptake in the primary lesion is reported to occur 
in 64%-100% of patients (Edwards 1969; Vaidya 1970; 
Grebe 1971; Ito 1971; Higashi 1972; Van der Shoot 1972; 
Deland 1974; Hjelms 1975; Waxman 1986). Earlier reports 
suggest differences among various tumor types regarding 
67Ga uptake (Higashi 1972; Van der Shoot 1972; Deland 
1974). Recent reports demonstrate that most histologic 
types of pulmonary carcinoma are associated with positive 
uptake of 67Ga into primary lesions, provided the lesion 
is larger than 2-3 cm in diameter (Beckerman 1980; Wax- 
man 1984, 1986). 

Our series demonstrate that detectability depends on 
tumor size rather than on histology. Almost all lesions 
larger than 3 cm in diameter were gallium-avid. Lesions 

that are larger than 3 cm on radiography and show no 
67Ga uptake have been reported to be suspicious of meta- 
static origin (De Meester 1978). 

Many reports suggest that radiation therapy may drasti- 
cally decrease gallium uptake in lung cancer (Edwards 1970; 
Vaidya 1970; Higashi 1972; Kinoshita 1974; Hjelms 1975; 
Bitran 1978). 

In conclusion, there is little clinical value in investigating 
6VGa uptake in primary lung cancer. Uptake depends on 
size. Lesions smaller than 3 cm are hardly detectable. Pre- 
vious radiotherapy alters the 6VGa uptake of the tumor. 
Therefore, a therapeutic effect cannot reliably be monitored 
by 67Ga scanning. 

Mediastinal staging 

Evaluation of mediastinum and hilum is essential for pre- 
diction of operability and prognosis in patients with lung 
cancer. Detection of involved mediastinal lymph nodes pre- 
cludes curative resection. Mediastinoscopy, a conventional 
invasive technique, fails to document malignant mediastinal 
lymph nodes in 10%-30% of cases, despite its high specifici- 
ty (Goldberg 1974; McKenna 1985). 

In the past decade, most emphasis was therefore put 
on using gallium scans for detecting hilar and mediastinal 
metastases in patients with lung cancer (Deland 1976; Alaz- 
raki 1978; De Meester 1979; Fosburg 1979; Waxman 1982; 
Neumann 1981; Lunia 1981; Lesk 1982; McKenna 1985; 
Klech 1986a). However, there is considerable variation in 
the figures reported so far. The study by Alazraki et al. 
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Table 6. Mediastinal staging with 67Ga scanning 

n Sensitivity (%) Specificity (%) 

Alazraki et al. (1978) 25 100 71 
Lesk et al. (1978) 34 89 67 
Fosburg et al. (1979) 70 88 86 
De Meester et al. (1979) 66 56 94 
Neumann et al. (1981) 38 55 63 
Lunia et al. (1981) 75 92 70 
Waxman et al. (1984) 51 91 58 
McKenna et al. (1985) 75 23 82 
Klech et al. (1986) 55 90 75 

Mean 76 74 

(1978) compared 67Ga scan results with mediastinoscopy 
findings in 25 patients with non-small cell carcinoma. The 
authors report 100% sensitivity and 71% specificity for de- 
tection of mediastinal involvement with 67Ga ' and conclude 
that a negative gallium scan precludes the need for medias- 
tinoscopy and such patients may be directly referred to 
thoracotomy. This clear-cut result is not confirmed by other 
studies. Reported sensitivity ranges from 23% to 100%, 
while the range of specificity is 58%-94% (De Meester 
1978; Alazraki 1978; Lesk 1978; Curto 1980; Neumann 
1981 ; Lunia 1981 ; Waxman 1984; McKenna 1985) (see Ta- 
ble 6). 

In contrast, De Meester et al. (1978) reported 56% sen- 
sitivity and 94% specificity. These results were subsequently 
confirmed by Richardson et al. (1980), who demonstrated 
sensitivity of 56% and specificity of  97% in the detection 
of lymph node metastases in the mediastinum. 

These discrepant results reported by different investiga- 
tors can be explained by the fact that basically different 
criteria were used to determine the sensitivity and specificity 
of the gallium scan. Alazraki et al. (1978) considered the 
scan positive if the hilar and/or mediastinal region showed 
increased gallium uptake. With this approach, the authors 
observed high sensitivity but relatively low specificity. We 
used the same criteria as Alazraki et al. in our study. The 
result is relatively high sensitivity of 90% and comparati- 
vely low specificity of 75%. De Meester et al. (1978) and 
Richardson et al. (1980) used a different set of  criteria. Only 
an increase of 67Ga uptake in the mediastinal region was 
considered positive. Hilar increase alone was considered 
negative for mediastinal involvement. Thus, patients with 
mere ipsilateral hilar or perihilar increase were considered 
negative, as were patients in whom no activity was demon- 
strated within the hilus. With this approach it is evident 
that when the mediastinum is evaluated selectively, the sen- 
sitivity of detection is low, while the specificity is high. Wax- 
man et al. (1984) nicely demonstrated the divergent results 
with regard to sensitivity and specificity by applying these 
two different approaches to the same set of patients. 

Therefore, the criteria used to define whether the gal- 
lium scan is positive or negative are the most important 
considerations when determining sensitivity and specificity 
of the test. It is probable that the results reported in the 
literature are in agreement; however, due to differences in 
the criteria for sensitivity and specificity they appear to 
be divergent. In 1985, McKenna et al. presented their study 
of 35 patients. The sensitivity was only 23% and the spe- 
cificity was 82%. In contrast to previous studies, each pa- 

tient underwent thoracotomy with total mediastinal node 
sampling. By these means, malignant mediastinal lymph 
node involvement was observed in five of 19 patients with 
negative mediastinoscopy prior to thoracotomy. In contrast 
to previous reports, McKenna et al. (1985) concluded that 
because of the low sensitivity, 67Ga scanning cannot be 
recommended for preoperative staging. Although the au- 
thors' attempt to obtain the most exact diagnosis by com- 
plete mediastinal lymph node sampling is appreciated, the 
methods they applied, as well as their conclusion, may be 
subject to criticism: 
1. Only some of the patients were scanned with a multipeak 
gamma camera, which is known to yield optimum resolu- 
tion. 
2. The authors evaluated only mediastinal 67Ga uptake, 
which is known to result in comparatively low sensitivity. 
Since the route of metastases from the primary tumor to 
the mediastinal nodes is almost always via the hilar nodes, 
most patients will demonstrate hilar abnormalities before 
or coincident with detection of mediastinal disease (Nohe 
1956). I f  the authors had defined hilar 67Ga uptake as posi- 
tive, the number of false negatives would perhaps have been 
smaller. 
3. False-negative mediastinal 67Ga scans were observed pre- 
dominantly in patients in whom the mediastinal lymph 
nodes were not enlarged or not larger than 1 cm. Today 
many surgeons consider these patients as operable, and im- 
provement of survival has been reported when surgery is 
combined with adjuvant therapy (Daly 1986). 

CT scanning reportedly yields highly satisfactory results 
in staging the mediastinum in lung cancer (Daly 1984; 
Breyer 1984; Glazer 1984; Heelan 1985; Hajek 1985). Expe- 
rience in our series of patients matches the published results. 
In centrally located tumors, CT scanning may discriminate 
better than gallium scanning between primary tumor and 
hilar or mediastinal lymph node metastasis. CT scanning 
provides valuable information when extent and size of 
lymph node metastasis is investigated with regard to local- 
ization of the lymphatic drainage of a tumor (Hajek 1985). 
In our series combined use of 6VGa and CT yielded nearly 
100% sensitivity. 

In conclusion, mediastinal 67Ga scanning should not 
be regarded as a routine investigation and should be used 
only in selected cases. Due to its high sensitivity, it is of 
clinical value in the management of lung cancer, provided 
the primary tumor shows uptake and both hilum and medi- 
astinum are evaluated together. 

In case of negative mediastinal uptake together with 
negative radiography and negative CT, the patient can be 
referred to thoracic surgery without explorative mediasti- 
noscopy. A positive hilar or mediastinal uptake suggests 
mediastinoscopy prior to thoracotomy. CT scanning and 
67Ga scanning supplement each other very effectively: their 
combined use increases sensitivity to almost 100%. 

Clinical management of malignant lymphoma 

In the report of  the cooperative study group (Johnston 
1977), 88% of untreated Hodgkin patients had positive 
67Ga uptake at the site of the lesions. There is no marked 
difference in 67Ga uptake with regard to the histologic type 
of Hodgkin lesions. Lesions smaller than 1 cm are difficult 
to assess, and once a patient has been treated the sensitivity 
decreases. Given these limitations to prove the involvement, 
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tous disease after therapy (Henkin 1974; Turner 1978; 
Yang 1979; Yehn 1979). A positive gallium scan may be 
the first or only objective evidence of persistence or recur- 
rence of treated diseases. Based on our experience and that 
of  other authors, 67Ga scanning can be of great value to 
detect recurrent disease in the mediastinum and lung, since 
postirradiation fibrosis can diminish the reliability of other 
imaging techniques as compared to gallium scintigraphy 
(see Figs. 3, 4 a, b). 

Detection of metastases of primary 
extrapulmonary tumor 

The 67Ga scan is less sensitive than chest radiography in 
detecting lung metastases of tumors that have a tendency 
toward pulmonary dissemination, such as breast cancer 
(Richman 1975) and soft tissue sarcoma. A sensitivity of 
84% is reported for metastatic melanoma. Kirkwood et al. 
(1982) suggested 67Ga scanning as a routine procedure in 
diagnostic staging and follow-up of patients receiving thera- 
py for metastatic melanoma. 

Fig. 3. 67Ga scan of a 28-year-old patient with immunoblastic non- 
Hodgkin's lymphoma. Pathological 67Ga uptake is seen in the me- 
diastinum (matching a huge lymph tumor) and in the spleen 

the 67Ga scan is at least as sensitive and probably more 
sensitive than radiography in detecting mediastinal disease 
(Turner 1978). The sensitivity reported for Non-Hodgkin 
lymphoma is apparently lower, ranging from 50% in lym- 
phocytic type Non-Hodgkin lymphoma to nearly 100% in 
Burkitt lymphoma (Turner 1978). 

Gallium-67 scanning as a simple noninvasive procedure 
is helpful in follow-up studies of  the course of a lymphoma- 

67Gallium scanning in "inflammatory disorders" 
of  the lung 

Since 1979 we have studied more than 500 patients with 
various inflammatory thoracic disorders by means of 67Ga- 
imaging. In our series, special emphasis was placed on pa- 
tients with interstitial lung diseases in order to examine 
the clinical usefulness of  67Ga in these disorders (Table 7). 

Sarcoidosis 

Sarcoidosis is defined as a multisystem granuloma-forming 
disorder that nearly always involves the lung. 

Various authors have proposed 6VGa-imaging as an aid 
in the diagnosis, evaluation of disease activity, and the as- 
sessment of therapy (Heshiki 1974; Niden 1976; Siemsen 

Fig. 4a, b. Chest radiograph (a) and 6VGa 
scan (b) of a primary lymphocytic 
plasmacytoid Non-Hodgkin's lymphoma of 
the right lung which obstructs the fight 
middle lobe and lower lobe bronchus, 
resulting in partial atelectasis of the lung 
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Table 7. Own patient series "1979-1986) 

n 

Interstitial lung disorders 
Sarcoidosis 298 
Idiopathic pulmonary fibrosis 32 
Extrinsic allergic alveolitis 24 
Pneumoconioses 16 
Collagen vascular disorders 11 
ARDS 6 
Others 9 

Infections 
Tuberculosis 

exudative 16 
miliary 6 
lymph nodes 14 

Pneumoeystis carinii 3 
Bacterial pneumonia 27 

Miscellaneous 
Pulmonary infarction, bronchitis, Emphysema, etc. 42 

Total 504 

1978; Nosal 1979; Line 1981, Schoenberger 1982; Beau- 
mont 1982; Gupta 1982; K6hn 1982, Klech 1982, 1983a, 
b, c; Keogh 1983; Baughman 1984; Klech 1984, 1985b; 
Hollinger 1985; Mishkin 1985; Niden 1986; Israel 1986; 
Rizzato 1986). 

6 7 Ga- Imag ing  as a diagnost ic  ad junc t  

67Ga-Uptake depends on the extent and severity of the 
granulomatous inflammation in involved organs. Patients 
with active sarcoidosis usually accumulate 67Ga in the hili 
and/or lung parenchyma. This may be accompanied by in- 

creased 67Ga-uptake in the salivary glands in up to 75% 
of patients (Mishkin 1978; Klech 1982). Although this find- 
ing is nonspecific, the combination of pulmonary and sali- 
vary gland uptake strongly suggests sarcoidosis (Klech 
1986a). 

Interestingly, most cutaneous sarcoid lesions will not 
take up 67Ga, obviously due to insufficient granuloma mass 
(Lopez-Majano 1982). Only with extensive cutaneous in- 
volvement can significant 67Ga-uptake be observed 
(Fig. 5a, b). Some authors consider 67Ga a useful guide 
to optimal transbronchial tissue biopsy (Niden 1976), 
whereas others are not convinced of this strategy (Ackart 
1982). 

In summary, due to its low specificity, gallium imaging 
should not be used as a single diagnostic test for sarcoidosis. 
Diagnosis must be based primarily on histologic, laborato- 
ry, and clinical findings. 

67Galliu m to assess disease act iv i ty  

In established sarcoidosis, 67Ga-imaging is today widely 
used as a supplement to evaluate the extent and activity 
of the granulomatous process. The clinical activity of pul- 
monary sarcoidosis was assessed by different means in 
60 patients with sarcoidosis. In 94% of cases, 67Ga demon- 
strated pathological uptake, whereas conventional chest ra- 
diography indicated active disease only in 80% (K6hn 
1982; Klech 1982). 

In a small series of seven patients who deteriorated from 
type I (bihilar sarcoidosis) to type II disease, as verified by 
transbronchial biopsy, 67Ga was positive in all seven pa- 
tients while chest radiography failed in four (Klech 1983 a). 
Experienced clinicains and radiologists are well aware that 
chest radiography is problematic for the assessment of inter- 
stitial lung involvement (Epler 1978; DeRemee 1983). It 
is not possible to distinguish between active inflammation 
and irreversible fibrosis by means of chest radiography. To 

Fig. 5a, b. A 55-year-old female patient with chronic sarcoidosis, type-III, and a large cutaneous lesion on the right side oJ the face. 
6VGa-Scan reveals abnormal uptake in the lung, spleen, and at the site of the cutaneous lesion 
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Table 8. Pattern of thoracic 67Ga-uptake in relation to disease ac- 
tivity in sarcoidosis 

Thoracic 
6?-OaLI.ium N 
uptake 298 

No uptake 85 

Hilar uptake 152 

Lung uptake 61 

Sarcoid disease activity 

Persisting or Inactive or 
progressive regressive 

9/,°1o 

6 ° ]o  
i i 

71% 

7Z777~ 
64°1o 

f ' f / / / ~  

2 9 %  

36°/o 

Steroid treatment 

the clinician, the detection of pulmonary inflammation by 
67Ga can be of great importance. 

Some authors emphasize the value of computer-based 
quantitation to improve the evaluation of diffuse pulmo- 
nary uptake, as well as to make therapeutic decisions (Line 
1981; Rohatgi 1983; Unnik 1983; Bisson 1983; Wesselius 
1983; Duffy 1986). This approach might be valuable in 
patients with diffuse homogeneous pulmonary granulomas, 
but the majority of pulmonary sarcoid lesions are not dis- 
tributed homogeneously. We feel that if a semiquantitative 
score takes into account the regional distribution and inten- 
sity of gallium, sufficient information is provided for clini- 
cal routine care. 

In patients with biopsy-proven sarcoidosis, we found 
a close correlation between a positive 67Ga scan and the 
disease activity (Table 8). The 67Ga-scan was negative in 
94% of patients with inactive or regressive disease. 

In recent years, other investigational means, such as 
serum angiotensin-converting enzyme (S-ACE) and bron- 
choalveolar lavage (BAL), have been widely used to assess 
disease activity. S-ACE has been found to be elevated in 
about 60% of patients with sarcoidosis (Studdy 1981). 
Comparing S-ACE to 6VGa in terms of sensitivity and speci- 
ficity, we found 6VGa to be more sensitive than S-ACE 
(K6hn 1982; Klech 1982, 1983a, 1984). Both tests corre- 
lated significantly. Although other authors have reported 
similar findings, not all of  them were able to demonstrate 
this correlation (Nosal 1979; Line 1981; Beaumont 1982; 
Gupta 1982; Schoenberger 1982; Rizzato 1986). 

Other biochemical activity markers such as lysozyme, 
endopeptidase, procollagen-III-peptide, etc. are currently 
under investigation. We recently demonstrated a significant 
correlation between a 67Ga-score and serum levels of  
gamma-interferon and neopterin (K6hn 1986). Activated 
T-lymphocytes, predominantly found in the alveoli of sar- 
coid patients, secrete gamma-interferon which, in turn, sti- 
mulates macrophages to release neopterin. 

In recent years, considerable attention has been focused 
on BAL to determine whether it is possible to evaluate 
alveolar cellular changes earlier and more accurately with 

feature A[veo[it is,~P-Granuloma ~, Lung fibrosis 

substrate T-Lymphocyte Epitheloid-Celts 

assessments 

BAL 

67-Gallium 
chest X-ray chest X-ray 
ACE 
BAL 

(lung functiontests) Lung function tests 

Fig. 6. Markers of disease activity corresponding to different fea- 
tures of granulornatous lung disorders 

this method than with chest radiography. Line et al. (1981) 
have suggested that an activity index combining BAL 
(% lymphocytes) and 67Ga-uptake be used to define low- 
and high-intensity alveolitis. This concept has been con- 
firmed by other authors who also found a correlation be- 
tween the percentage of BAL lymphocytes and 67Ga-uptake 
(Huchon 1981; Fayman 1984). However neither we nor 
other authors have been able to confirm this finding (Beau- 
mont 1982; Costabel 1983; Havranek 1983; Klech 1984; 
Baughman 1984). 

The majority of centers contributing to a recent interna- 
tional survey on BAL in patients with sarcoidosis have re- 
ported a relationship between 67Ga and the percentage of 
BAL lymphocytes rather than S-ACE (Klech 1986b), which 
reflects how difficult it is to compare data subject to vari- 
able modes of evaluation. The results of various activity 
markers probably correspond to different stages of  the 
granulomatous reaction and are thus complementary rather 
than concordant. Each marker should be interpreted in light 
of its advantages and limitations regarding the assessment 
of pathophysiological processes in the course of  the disease 
(Fig. 6). 

° T Ga-Imaging to monitor the course o f  sarcoidosis 
and predict prognosis 

Although the efficacy of corticosteroid therapy in altering 
the ultimate course of sarcoidosis and preventing progres- 
sive pulmonary fibrosis remains controversial, it is generally 
accepted that corticosteroids improve symptoms and induce 
remissions. 

In the past, chest radiography and lung function tests 
were used as standard criteria for the long-term follow-up 
of patients on cortocosteroid therapy. However, for short- 
time monitoring lung function tests in particular have prov- 
en to be too insensitive (Winterbauer 1980; Klech 1983b, 
c, d, 1984, 1985). 

In a prospective clinical trial, we investigated the impact 
of different activity markers such as S-ACE and 67Ga for 
monitoring therapeutic effects and assessing prognosis, in 
comparison with lung function tests and the information 
they may provide for the clinician. 

Materials and methods 

Twenty-seven patients (20-62 years of  age, mean 38.8 years) 
were included who had histologically proven sarcoidosis. 
Of those, 16 were female and 11 male. Upon entering the 
study, the patients were evaluated by clinical findings, chest 
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radiography, lung function tests (total lung capacity, forced 
vital capacity), blood gas analysis at rest and during exercise 
S-ACE, and 67Ga-imaging. 

Each patient underwent serial follow-up assessments 
(mean 3, range 2-7) when significant disease activity chan- 
ges were observed clinically; 69 follow-up assessments were 
classified as either deterioration, improvement, or as stable. 
All patients gave their informed consent. 

The clinical symptoms were recorded by the attending 
physician. At the same time, laboratory data were assessed. 
Chest radiographs were scored according to standard cri- 
teria: type 0 = normal; type I = bilateral hilar adenopathy; 
type I I=bi la tera l  hilar adenopathy with pulmonary in- 
volvement; type I I I=pu l m ona ry  infiltration without hilar 
adenopathy. Deterioration was defined by the following cri- 
teria: marked deterioration of the chest X-ray, with or with- 
out clinical symptoms such as dyspnea, cough, fever, chest 
pain, arthralgia, etc. These criteria were met in 15 follow-up 
assessments. 

Improvement was only defined when there was marked 
amelioration of the chest X-ray, together with improvement 
in or lack of clinical symptoms. Criteria for improvement 
were met in 29 follow-up assessments. In all other instances, 
the disease was regarded as stable. The majority of patients 
did not receive corticosteroid therapy during the study. If  
steroids had to be prescribed, treatment was stopped I week 
prior to follow-up assessment. Lung function was measured 
by means of a body-plethysmograph (Jaeger, FRG) in 
terms of vital capacity (VC) and total lung capacity (TLC). 
Blood gas analysis was measured by arterial puncture (radi- 
al artery) at rest and after exercise (75 W/5 min bicycle or 
treadmill exercise) and expressed as the alveolar-capillary 
oxygen difference (AaDO2) using the formula: 

-Fp _//PaCO2"~q 
a a D O 2 -  L io2 ~ RQ j j - P a Q  

6VGa-Scans were scored independently by two experienced 
observers and graded 0-3, comparing the lung activity with 
that in the liver and shoulders (K6hn 1982; Klech 1982). 
S-ACE was measured photometrically according to the 
method of Cushman and Cheung as modified by Lieberman 
(1976) (normal range < 24 U/ml). 

For statistical analysis, Spearman's rank correlation co- 
efficient was used as well as Wilcoxon's nonparametric test 
to compare follow-up assessments. 

Results 

Instances of deterioration (n = 15) 

AaDO2 at rest and exercise showed the most significant 
changes. AaDOz at rest increased by more than 10% in 
87% and during exercise in 60%. S-ACE increased in 85% 
and showed no change or even decreased in 15%. The 
67Ga-score increased in 66% and remained unchanged in 
34%. In no case was 67Ga-uptake diminished compared 
with previous scans (Fig. 7). We could demonstrate no sig- 
nificant correlation between changes of 67Ga and ACE or 
lung function and AaDO2. 

Instances of improvement (n = 29) 

The 67Ga-score decreased significantly with clinical im- 
provement ( P <  0.001). Improvement in the 67Ga-scan was 
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Fig. 8. Changes of parameters after improvement of pulmonary 
sarcoidosis (n = 29) 

observed in 73%. In 27%, the gallium score remained un- 
changed. ACE decreased markedly in 64% of instances, 
but remained unchanged in 18% and increased in 16%. 
Changes in lung function were insignificant, VC improved 
in only 31%, and TLC only improved in 20% of cases. 
Changes in blood gases were also insignificant for the docu- 
mentation of improvement (Fig. 8). Loose, but significant 
correlations were found between the decrease of S-ACE 
and increase of VC (rs=0.59, P<0.01)  or decrease of 
AaDO2 during exercise (rs = 0.54, P < 0.05). 

Discussion 

The results of this study confirm the limited clinical value 
of lung function studies (Winterbauer 1980), particularly 
for follow-up assessments of patients with pulmonary sar- 
coidosis (Klech 1983b, c, d, 1984, 1985). 

Obviously, in the majority of sarcoidosis patients deteri- 
oration of blood gas analysis is due to reversible air-flow 
limitation and an inequality in the distribution of ventila- 
tion caused by mucosal swelling and endobronchial granu- 
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Fig. 9. Decrease of activity markers according to improvement of 
sarcoidosis 

loma formation, rather than by irreversible fibrotic changes 
in the pulmonary interstitium. Therefore, blood gas analysis 
at rest and during exercise is a sensitive indicator of actual 
clinical deterioration, but has no prognostic significance 
for the long-term course of the disease. Lung function tests, 
particularly VC, reliably document irreversible impair- 
ments, but have no value for making short-term therapeutic 
decisions. Diffusing capacity (DLCO) has been proposed 
to monitor lung function in sarcoidosis. However, concomi- 
tant airflow limitation restricts reliable interpretation and 
reversible airflow limitation is a common feature in patients 
with pulmonary sarcoidosis. 

We used chest radiography as the standard criterion 
for assessment since it is widely used in clinical practice. 
Only those instances that clearly showed deterioration or 
improvement in the chest X-ray were selected for further 
assessments. 

At present, based on experience with new activity 
markers, the clinician's opinion on the value of chest ra- 
diography has been modified (Klech 1982; DeRemee 1983; 
Rizzato 1986). However, the clinical value of S-ACE, 67Ga- 
imaging and BAL for follow-up assessments is controversial 
(Keogh 1983; Lawrence 1983; Baughman 1984; Hollinger 
1985). This may be due to the variable modes of evaluation 
or to the fact that these markers measure different sarcoido- 
sis features. Therefore, changes in disease activity are not 
reflected in the same manner by different markers. If there 
is improvement, the S-ACE values decrease first, followed 
by an improvement in 67Ga; however, lymphocyte counts 
in BAL remain elevated for a longer period of time (Fig. 9). 

At our institution, the following strategy is used for 
clinical follow-up and therapeutic decisions (Fig. 10). Chest 
radiography and S-ACE levels are still the standard criteria. 
67Ga Imaging is initially commonly performed in patients 
with pulmonary involvement (type II or III), but later on 
is limited to selected cases. In the past there has been much 
concern about the costs, availability and radiation load of 
67Ga (Whitcomb 1984). Using 3 mCi 67Ga-citrate, the radi- 
ation load does not exceed that of a chest tomography 
or a CT study. However, in young patients there should 
be a strong indication. The successful use of low dosage 
gallium imaging (1.5 mCi) was reported by Rizzato et al. 
(1986). 

In conclusion, 67Ga-imaging provides information 
about the spread and extent of the disease and permits 
the progression to be followed at each site of involvement. 
67Ga is more sensitive than chest radiography and when 
used selectively, is of reasonable value for follow-up and 
making therapeutical decisions in pulmonary sarcoidosis 
within the framework of other activity markers. 

Interstitial lung disorders 

Idiopathic pulmonary fibrosis (IPF) 

Line et al. (1978) have used 67Ga, together with BAL, to 
stage IPF and have reported a close correlation between 
a 67Ga index and the inflammatory cell reaction in the 
lung, particularly the neutrophil counts in BAL. However, 
the clinical features correlated poorly with the 67Ga indices. 
The results were essentially corroborated by Niden et al. 
(1984). 

In our group of patients (n = 32), only a minority had 
an abnormal 67Ga uptake that was unrelated to BAL cell 
counts. In IPF, 67Ga probably accumulates only when there 
is acute neutrophil alveolitis at a stage where therapeutic 
improvement can be expected. 

Extrinsic allergic alveolitis 

In our series of patients (n=24), 67Ga-uptake was only 
observed after recent exposure to the causative antigen 
(Fig. 11). Acute exogenous allergic alveolitis is character- 
ized by T-helper cell alveolitis, often associated with inter- 
stitial granuloma formation, which can be very similar to 
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Fig. 10. Diagram of rational strategy for 
follow-up and therapeutical decisions in 
patients with sarcoidosis 



Fig. 1i. A 28-year-old farmer with proven exogenous allergic alveo- 
litis (farmer's lung). 67Ga-Scan shows abnormal lung uptake. Im- 
aging was performed immediately after extensive exposure to 
moldy hay dust 

that seen in sarcoidosis (Klech 1986a). Absence of antigen 
exposure for 4-6 weeks will normalize the gallium scan. 

Pneumoconiosis and collagen vascular disorders 

Siemsen etal. (1974) first described diffuse pulmonary 
67Ga-uptake in 110 patients with pneumoconiosis and re- 
ported the 67Ga scan to be more sensitive than chest radiog- 
raphy to document lung involvement. In a small group of 
patients (n= 16), we found abnormal 67Ga uptake only in 
patients who had been exposed to the antigen the 3 months 
before imaging. Talc and beryllium pneumoconiosis shows 
a 67Ga uptake that is similar to that of sarcoidosis (Brown 
1984; Niden 1984). We studied 11 patients with collagen 
vascular disorders. Four of 6 patients with lung involve- 
ment due to rheumatoid arthritis had an abnormal 67Ga- 
uptake. Only 1 patient out of 3 with pulmonary lupus 
erythematodes (LE) showed lung uptake. However, pulmo- 
nary manifestations of LE are generally mild. 

67Ga has been used to assess pulmonary damage caused 
by pharmaceuticals such as nitrofurantoin (Crook 1982) 
or bleomycin (Richman 1975) and other antitumor drugs 
(McMahon 1978). Lung damage could be localized better 
by 67Ga than by chest radiography in most cases. 

Pulmonary lesions associated with adult respiratory dis- 
tress syndrome (ARDS) accumulate gallium in the acute 
stage due to interstitial neutrophilic inflammation rather 
than to a nonspecific increase in the alveocapillary perme- 
ability of gallium (Passamonte 1984). As soon the neutro- 
philic inflammation subsides - mostly with the development 
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of interstitial lung fibrosis - abnormal 67Ga-uptake is rarely 
seen. Therefore, four of six patients with ARDS who were 
scanned later than 8 weeks after the lung injury no longer 
had abnormal 67Ga uptake. 

Infectious diseases of  the lung 

Siemsen et al. (1978) and Bekerman et al. (1980) have re- 
ported 67Ga to be useful for the diagnosis of virtually all 
pulmonary inflammations, including pneumonia, lung ab- 
scess, tuberculosis, and Pneumocystis carinii infection. Tha- 
depalli et al. (1978) have found a close correlation between 
bacteriologically confirmed pulmonary infections and ab- 
normal pulmonary 67Ga-uptake. However, Walsh et al. 
(1985) have recently raised the question of whether 6VGa- 
imaging can be recommended for the assessment of  tubercu- 
losis activity due to its low specificity (only 27%). They 
concluded that 67Ga cannot be used reliably to distinguish 
between active or inactive tuberculosis. Our results are in 
agreement with these findings. Serial chest radiographs, to- 
gether with sputum smears or bronchoscopy, provide suffi- 
cient information. 67Ga may be useful in patients with 
lymph node tuberculosis. In patients with miliary tuberculo- 
sis, 67Ga was positive in only four of six cases. 

Nonspecific lung disorders such as pulmonary infarc- 
tion, bronchitis, etc. inconsistently accumulate 67Ga, de- 
pending on the size and nature of the underlying inflamma- 
tion. 67Ga-imaging has been reported to be helpful in the 
differential diagnosis of  pneumonias or pulmonary infarc- 
tions (Niden 1977). However, specific diagnosis seems not 
to be possible (Brown 1983). 

Acquired immune deficiency syndrome (AIDS) 

Opportunistic lung infections caused by Pneumocystis cari- 
nii, cytomegalovirus, and mycobacterium avium-intracellu- 
lare are common in patients with AIDS. Since these infec- 
tions are known to accumulate 67Ga, even without evidence 
of lesions in the chest X-ray (Levenson 1976; Turbiner 
1978; Hamed 1979), at present 67Ga imaging is of particu- 
lar value in the clinical management of  AIDS. We saw 
an increase in diffuse 67Ga-uptake in both lungs in two 
cases of opportunistic infection due to P. carinii and in one 
with cytomegalovirus infection in spite of  negative chest 
X-ray findings. 6VGa-Imaging has been recommended as 
a sensitive initial diagnostic test in AIDS patients suspected 
of having an opportunistic infection. It helps to localize 
the involved lung areas as a guide for diagnostic bronchoal- 
veolar lavage and transbronchial tissue biopsy (Levin 1983 ; 
Coleman 1984). 
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Discussion 

6 7 G a - l m a g i n g  

An interesting comment  about  the future o f  gall ium scan- 
ning was made.  As a result of  the A I D S  problem,  Ga-  
scanning has become very popula r  in the US. It  has proven 
very useful not  only in the assessment of  lung disease (pneu- 

mocystis carinii pneumonia  the most  common AIDS-re -  
lated oppor tunis t ic  infection), but  also of  lymphoma- type  
lesions or  abdominal  disease. A dramat ic  uptake of  67Ga 
in the abdomen caused by different types of  infections with- 
in the gastrointest inal  t ract  can be seen despite the fact 
that  the colon normal ly  excretes 67Ga. Therefore, it has 
been recommended to perform a whole-body scan as op- 
posed to l imited lung imaging in these patients. 


