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18F-FDG PET imaging of progressive massive fibrosis
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Abstract

Purpose This study was to evaluate 18F-FDG PET features

of progressive massive fibrosis (PMF) and to determine the

ability of FDG PET to differentiate pure PMF from PMF-

associated lung cancer.

Methods 18F-FDG PET and chest computed tomography

(CT) scans were performed in 9 patients with pneumoco-

niosis and PMF. Patients who showed active pulmonary

tuberculosis on CT scan were excluded. Pure PMF was

confirmed via either fine needle aspiration biopsy (n = 6)

or 12 months follow-up CT scan (n = 3). CT features and

PET findings were evaluated for distribution of fibrotic

masses, consolidations, and nodules on CT scan and mean

and maximum standardized uptake values (SUVs) of

abnormalities depicted on PET scan.

Results 14 masses were detected from nine patients. On

chest CT scan, PMF masses were noted with surrounding

small nodules and distortion of parenchyma. The size of

the lesions ranged from 1.2 to 6.4 cm in maximum diam-

eter. FDG PET scans identified metabolically active lesions

in all patients. Maximal SUV ranged from 3.1 to 14.6 and

mean SUV ranged from 1.4 to 8.5.

Conclusion FDG PET can identify PMF lesions as

hypermetabolic lesions even without associated malig-

nancy or tuberculosis. Therefore, it might have a limited

role in the diagnosis of PMF with possible concurrent

granulomatous inflammation or lung cancer.
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Introduction

Progressive massive fibrosis (PMF) of the lung occurs in

patients with a history of pneumoconiosis and is defined as

a fibrotic lesion usually greater than 1 cm in diameter [1].

PMF lesions tend to rapidly increase in size, and the

patients have an increased risk of tuberculosis and lung

cancer. The lesion commonly involves the apical and

posterior segments of the upper lobes and may cross the

interlobar fissures into the adjacent lobe [2, 3]. The

radiographic and computed tomography (CT) findings have

been well documented [3–5]; however, PMF is occasion-

ally difficult to distinguish from lung cancer radiologically

as well as clinically, especially when considering the high

incidence of lung cancer in PMF patients [6–8]. Although

CT scans have a high rate of sensitivity for the detection of

pulmonary nodules and masses, the nature of PMF lesions
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is difficult to characterize, and observation or a more

invasive diagnostic approach, such as biopsy, is needed to

determine whether the lesions are malignant or benign

[9, 10].

Currently in nuclear medicine, 18F-2-fluoro-2-deoxy-

glucose positron emission tomography (18F-FDG PET) is

widely used as a method for the detection and staging of

almost all tumors in any region of the body [11, 12]. The

ability of PET imaging using 18F-FDG to exploit the bio-

chemical differences between normal and neoplastic tissue

has resulted in its wide use for characterizing lesions that

are indeterminate by conventional imaging modalities.

Recently, a few case reports documented successful

diagnostic results in detecting lung cancer arising from

PMF associated with pneumoconiosis [13, 14]. However,

to the best of our knowledge, only limited data on the PET

appearance of PMF have been documented [15, 16], and

even less on the diagnostic value in distinguishing associ-

ated lung cancer from pure PMF.

The purpose of this study was to evaluate the 18F-FDG

PET features of PMF and to determine the ability of 18F-

FDG PET to differentiate pure PMF from PMF-associated

lung cancer.

Materials and methods

Patient selection

We retrospectively reviewed the patients with pneumoco-

niosis from February 2001 to December 2006. All patients

who showed PMF on plain chest X-ray underwent chest CT

scan and 18F-FDG PET. Those who showed any evidence

of active pulmonary tuberculosis on high-resolution CT

scan were excluded in this study. The institutional review

board at Gangnam Severance hospital approved the study.

The database consisted of seven male and two female

patients (mean age 58.8 ± 6.3 years, range 48–72). Of the

nine patients, six patients underwent CT-guided fine needle

aspiration biopsies targeted to the area of highest FDG

uptake, and the other three patients had a 12-month follow-

up chest CT scan.

Chest CT scan protocol

Chest CT scans were performed using a 16-channel multi-

detector row CT scanner (Somatom Sensation 16, software

version VA20, Siemens Medical Solutions, Forchheim,

Germany) with a 6-mm collimation and a 6-mm recon-

struction interval. The exposure parameters for the CT

scans were 120 kVp and 250 mAs. In all patients, non-

contrast CT scans were obtained at the level of the lesion.

A total of 100 ml of Iopromide (Ultravist 300; Bayer

Schering Phama, Leverkusen, Germany) were administered

intravenously at a rate of 3 ml/s for postcontrast CT scan.

HRCT scans were also obtained throughout the thorax

(1.0-mm collimation at 10-mm intervals; scans obtained at

end inspiration).

PET protocol

All consecutive patients underwent FDG PET scanning

after PMF was verified on CT scans with a whole-body

tomography scanner (Allegro, Philips, Eindhoven,

Netherlands). This scanner provided a 57.6 cm axial field

of view and 18.5 cm transaxial field of view, which pro-

duced 46 image planes, spaced 4.02 mm apart. Transaxial

spatial resolution was 4.2 mm full-width at half-maximum

(FWHM) at the center of the field of view, and axial res-

olution was 5.0 mm FWHM. Patients fasted for at least 6 h

before intravenous injection of 370 MBq 18F-FDG, and the

mean serum glucose level was 93 mg/dl (range 63–122)

Table 1 Demographic data and results of chest CT, F-18 FDG PET, FNAB, and follow-up CT

Case no. Age Sex CT findings of PMF SUV of F-18 FDG Result of further evaluation

Size (cm)a Lobar distribution Laterality Peak Mean Procedure Result

1 76 M 3.3/3.0 Upper Bilateral 5.2/4.3 3.4/2.1 CT-guided FNAB Negative for malignancy

2 56 M 5.3/1.7 Upper Bilateral 5.9/7.2 3.1/3.7 CT-guided FNAB Negative for malignancy

3 48 M 5.5 Upper Lt. 9.2 6.4 CT-guided FNAB Negative for malignancy

4 63 M 5.1/3.9 Upper Bilateral 6.8/4.1 4.9/1.5 CT-guided FNAB Negative for malignancy

5 49 F 4.1 Upper Rt. 4.4 2.9 CT-guided FNAB Negative for malignancy

6 61 M 5.3/5.0 Upper Bilateral 14.6/10.2 8.5/4.0 CT-guided FNAB Negative for malignancy

7 68 M 6.4 Upper Rt. 7.3 3.5 12-month follow-up CT scan No interval change

8 55 F 2.5/2.0 Upper Bilateral 4.8/3.1 3.0/1.4 12-month follow-up CT scan No interval change

9 52 M 1.2 Upper Lt. 4.5 4.3 12-month follow-up CT scan No interval change

FNAB fine needle aspiration biopsy
a In the cases with bilateral masses, the first values represent the larger masses, regardless of involved side and FDG uptakes
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just before injection. Whole-body emission scans were

obtained in all patients 40–60 min after injection using

multiple bed position techniques. Seven to eight bed

positions from the external acoustic meatus to the thigh

were imaged for 4 min per bed position. All patients were

studied in the supine position with their arms raised.

Attenuation-corrected transaxial images were reconstructed

with an iterative transmission algorithm called RAMLA

(Row-Action Maximum-Likelihood) 3D protocol using 3D

image filter into a 128 9 128 matrix.

Image interpretation

All CT scans were analyzed by two chest radiologists. As

seen on CT scan, patterns of parenchymal abnormalities

were thoroughly evaluated for the distribution of fibrotic

masses, consolidations, and surrounding small nodules.

Each lesion was measured in its longest dimension on the

axial plane. Lobar distribution and laterality (unilateral or

bilateral) of each lesion were evaluated.

Two experienced, independent investigators, who were

blinded to the clinical data and results of CT scans, inter-

preted the PET images. 18F-FDG PET findings were

meticulously evaluated for the distribution of masses, con-

solidations, and nodules on the CT scans, and maximal and

mean standardized uptake values (SUVs) of abnormalities

depicted on the F-18 FDG PET scans. Lesions were identi-

fied and subjectively characterized in relation to normal

anatomy and surrounding tissue uptake. For semi-quantita-

tive evaluation of 18F-FDG uptakes, ROIs were defined

around suspicious 18F-FDG accumulations in transaxial

slices. The maximum counts in a selected ROI were chosen

for the calculation of maximal SUV.

Further evaluation

In six patients, CT-guided aspiration biopsies using 22G

fine needles were performed from the masses targeted to

the area of highest FDG uptake. Cytology was reviewed by

an experienced lung pathologist. The other three patients

Fig. 1 48-year-old male with PMF. a Postcontrast CT and HRCT

shows round, ill-defined mass in the right upper lung. b PET images

show increased uptake of the mass and diffuse pleural uptake of right

thorax. c CT-guided percutaneous biopsy was performed, and proved

as negative for malignancy
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underwent 12-month follow-up CT scans for interval

changes to exclude the possibility of a combined lesion

such as cancer or infection.

Results

Chest CT findings

14 masses were detected from nine patients. Demographic

data and radiographic findings are summarized in Table 1.

On initial chest CT scan, all patients demonstrated upper

lung fibrotic masses with surrounding small nodules

(Figs. 1a, 2a, 3a). Unilateral mass was found in four patients

and bilateral mass lesions in six patients. The mean size of the

masses, which was the greatest diameter measured on trans-

axial HRCT images, was 3.9 ± 1.6 cm (range 1.2–6.4 cm).

18F-FDG PET findings

As illustrated in the following figures (Fig. 1b, 2b, 3b),

high FDG uptakes by individual masses were depicted on

PET scans. The maximal SUV ranged from 3.1 to 14.6 with

a mean value of 6.5 ± 3.1. The mean SUV ranged from 1.4

to 8.5 with a mean value of 3.8 ± 1.9.

Further diagnostic procedures

Fine needle aspiration biopsy (FNAB)

Computed tomographic-guided percutaneous FNAB was

performed in six patients (Fig. 1c, 2c); three patients

showed increases in mass size on follow-up chest radio-

graphs, while the other three patients had atypical PMF

configurations, which were spherical rather than spindle-

shaped, irregular with ill-defined lateral borders, and not

parallel to the major fissure. In correlation with maximal
18F-FDG uptake foci, CT-guided percutaneous biopsy

taken with a 22G fine needle was performed. Cytology

consistently revealed abundant inflammatory cells and

fibrosis without any evidence of malignancy.

Follow-up chest CT scans

The other three patients underwent 12-month follow-up CT

scans for the evaluation of interval changes. Follow-up CT

Fig. 2 63-year-old male with PMF. a CT scans show bilateral upper lung fibrotic masses with surrounding small nodules. b High FDG uptakes

are observed in both masses on PET scan. c CT-guided FNAB was performed in the left lung mass, and proved as negative for malignancy
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scans showed no remarkable interval changes in size or

configuration of the masses in these patients (Fig. 3c).

Discussion

Progressive massive fibrosis is defined as a lesion of

fibrosis and pigment deposition larger than 1 cm in diam-

eter and is sometimes diagnosed as complicated pneumo-

coniosis. These lesions commonly occur in coal workers

who have had exposure to heavy dust and who show a large

amount of dust in the lungs at autopsy [1, 2]. Radiologi-

cally, PMF starts near the periphery of the lung and appears

as a mass with a smooth, well-defined lateral border that

parallels the rib cage. In contrast to its sharp lateral border,

the medial margin of the mass is often ill defined. It tends

to be thicker in the coronal than in the sagittal plane,

appearing as a broad opacity on frontal radiograph and thin

on the lateral projection, frequently paralleling the major

fissure [3].

Fig. 3 68-year-old male with PMF. a Initial CT scan shows bilateral upper lung fibrotic masses with surrounding small nodules. b High FDG

uptakes are noted in both masses on PET scan. c 12-month follow-up CT scan shows no remarkable interval changes in bilateral mass lesions
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Although typical CT features of PMF have been well

documented, a large homogeneous mass of PMF in the

parahilar lung may closely resemble pulmonary carcinoma

[17]. In this situation, the presence of additional radio-

graphic evidence of pneumoconiosis may suggest a diag-

nosis of PMF; however, when PMF is unassociated with

such radiographic evidence, the differential diagnosis is

very difficult [18]. In addition, even with other radio-

graphic features of pneumoconiosis, the differential diag-

nosis of pure PMF, which is not associated with lung

cancer, may be of great clinical importance. High incidence

of lung cancer has been reported in patients with pneu-

moconiosis either with or without PMF. Additionally,

Katabami et al. [19] suggested that pneumoconiosis-asso-

ciated diffuse fibrosis may accelerate the progression of

lung cancer, especially peripheral-type squamous cell car-

cinomas. Therefore, pneumoconiosis-associated diffuse

fibrosis should be carefully followed for early detection of

lung cancer. Recently, studies on magnetic resonance

imaging (MRI) signal characteristics of PMF have been

published; however, the diagnostic value of MRI in the

accurate differentiation of PMF from malignancy or

inflammatory lesions has not yet been well established [17,

20, 21]. To the best of our knowledge, only a few case

reports have been published about F-18 FDG PET findings

of PMF. Bandoh et al. [13] and Je et al. [14] reported

successful delineation of lung cancer associated with PMF

using F-18 FDG PET scans, thus demonstrating a potential

role of 18F-FDG PET scans in detection of lung cancer in

patients with pneumoconiosis.

In our study, all of our cases showed abnormal uptake of
18F-FDG, and the uptake areas corresponded to PMF on

chest CT scans; maximal SUV ranged from 3.1 to 14.6 and

mean SUV ranged from 1.4 to 8.5. Measured values were

equivalent to those of cancerous conditions. However,

results from our 18F-FDG PET scans were proven to be

false positives by CT-guided percutaneous biopsies

(n = 6) and 12-month follow-up studies (n = 3). As a

result, the use of 18F-FDG PET was limited in the differ-

ential diagnosis of pure PMF from lung malignancy or

from PMF-associated lung cancer.

FDG PET scans have previously been thought to be able

to exploit the metabolic differences between PMF and lung

cancer; however, false positive FDG PET results in patients

with pneumoconiosis have been reported in the literature

[16, 22]. Microscopically, PMF shows bundles of hap-

hazardly arranged, sometimes hyalinized bands of collagen

interspersed with numerous pigment-laden macrophages

and abundant-free pigment in the central regions, with

destruction of surrounding tissue and a variable degree of

expanding fibrotic processes [23]. On the basis of pathol-

ogy, pure PMF may show high 18F-FDG uptake depending

on the activity of inflammatory cells at the time of study.

In conclusion, 18F-FDG PET can identify PMF mass

lesions as hypermetabolic lesions even without associated

lung malignancy or active tuberculosis. Therefore, 18F-

FDG PET might have a limited role in the diagnosis of

PMF, particularly in the setting of PMF with possible

superimposed inflammation or lung cancer.
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