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Abstract
Objectives We reviewed PET/CT findings of pneumoconiosis and determined the ability of PET/CT to differentiate
lung cancer from progressive massive fibrosis (PMF), and metastatic lymph nodes (LNs) from underlying reactive
LN hyperplasia.
Methods This was a retrospective study of patients with pneumoconiosis and suspected lung cancer. Maximum standardized
uptake value (SUVmax), long- and short-axis diameters (DL andDS), ratio ofDL toDS (DL/S), and Hounsfield unit (HU) from the
lung mass and mediastinal LNs were measured. The cutoff values of each parameter were obtained by ROC analysis, and we
evaluated the diagnostic sensitivity.
Results Forty-nine pneumoconiosis patients were included. Eighty-three lungmasses were detected, of which 42were confirmed
as lung cancer (23 squamous cell carcinomas, 12 adenocarcinomas, and 7 small cell carcinomas) and 41 were PMF. There were
significant differences between lung cancer and PMF in terms of SUVmax, DS, DL/S, and HU (all p < 0.05). The sensitivity,
specificity, and accuracy for diagnosis of lung cancer were 81.0%, 73.2%, and 77.1%, respectively, with an SUVmax cutoff value
of 7.4; and 92.8%, 87.8%, and 90.4%, respectively, with a HU cutoff value of 45.5. Among the 40 LNs with available
pathological results, 7 were metastatic. Metastatic LNs showed higher SUVmax, larger DS, and lower HU than benign lesions
(all p < 0.05). The sensitivity, specificity, and accuracy for predicting metastatic LNs by PET/CTwere 85.7%, 93.9%, and 92.5%,
respectively.
Conclusion By applying PET and CT parameters in combination, the accuracy for differentiating malignant from benign lesions
could be increased. PET/CT can play a central role in the discrimination of lung cancer and PMF.
Key Points
• Lung cancer showed significantly higher SUVmax than PMF.
• Lung cancer showed similar DL but longer DS, resulting in a smaller DL/S than PMF.
• SUVmax demonstrated additive value in differentiating lung cancer from PMF, compared with HU alone.
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Abbreviations
CT Computed tomography
DL Long-axis diameter
DL/S Ratio of long- to short-axis diameter
DS Short-axis diameter
FDG Fluorodeoxyglucose
HU Hounsfield unit
LN Lymph node
NPV Negative predictive value
PET Positron emission tomography
PMF Progressive massive fibrosis
PPV Positive predictive value
ROC Receiver operating characteristic
SUVmax Maximum standardized uptake value

Introduction

The prevalence of pneumoconiosis in a given country varies
according to socioeconomic factors related to its coal-mining
industry. In most developed countries, the incidence rates of
coal work–related and occupational respiratory diseases are
no longer increasing and have leveled off because of a de-
crease in the number of active workers commensurate with
the decline of the mining industry [1]. However, patients with
a history of working in mining areas are still being diagnosed
with pneumoconiosis, because it takes more than 20 years to
develop pneumoconiosis after exposure to coal or mineral
dust [2].

Pneumoconiosis could lead to several thoracic complica-
tions, among which progressive massive fibrosis (PMF) and
lung malignancy are the most serious [3, 4]. Although differ-
entiation between PMF and lung malignancy is clinically es-
sential, it is usually difficult to determine malignancy with
non-invasive imaging modalities in pneumoconiosis patients.
On chest computed tomography (CT), PMF is characterized
by large symmetrical opacities in the bilateral lungs, which
can contain air bronchograms and calcifications [5, 6]. The
CT findings of occupational and environmental lung cancers
can appear similar to those of PMF, which presents as unilat-
eral or bilateral opacities ranging from nodules of a few mil-
limeters to large masses [4]. These are well-known limitations
inherent to radiological imaging studies, which reduce their
diagnostic accuracy in assessing pulmonary nodules or
masses in pneumoconiosis patients. In addition, it is difficult
to determine whether metastatic involvement is present in the
mediastinal lymph nodes (LNs) using only chest CT in pneu-
moconiosis patients with lung cancer.

As a functional imaging modality, positron emission to-
mography (PET) with 18F-fluorodeoxyglucose (FDG) can vi-
sualize tumor metabolism and allow semi-quantitative mea-
surement of this activity. It has also been reported to have high
sensitivity for differentiation between lung cancer and benign

pulmonary nodules or mass lesions [7]. Moreover, the combi-
nation of PET and CT (PET/CT) has been shown to provide
better morphological details of the lesions and overcome the
limitations related to attenuation in PET [8, 9]. FDG PET/CT
has proven helpful for differentiation between lung cancer and
benign pulmonary nodules or mass lesions [10]. However, in
cases with non-malignant conditions (like infection, sarcoid-
osis, tuberculosis, and PMF), inflammation related to the dis-
ease may cause false-positive findings, which is a limitation of
PET/CT. Radiotracers other than FDG including 3′-deoxy-3′-
18F-fluorothymidine (FLT) as a biomarker of tumor prolifer-
ation, 18F-fluoromisonidazole (FMISO) as a biomarker of tu-
mor hypoxia, and L-[3-18F]-α-methyl tyrosine (18F-FMT) as a
biomarker of amino-acid metabolism have also shown prom-
ise [11–13]. There have been few reports of the use of PET/CT
to assess lung masses in case series of pneumoconiosis pa-
tients [14, 15]. To our knowledge, few data are available on
the diagnostic value of FDG PET/CT for distinguishing lung
cancer from PMF. One report did not recommend PET/CT in
the staging of mediastinal LNs in lung cancer patients with
pneumoconiosis because of the low specificity for the diagno-
sis of metastatic lymphadenopathy [16]. However, in non-
pneumoconiosis patients, a sensitivity of 88.3% and specific-
ity of 82.6% were observed for FDG PET/CT in mediastinal
LN staging by using both SUVmax and Hounsfield unit (HU)
information [17]. Therefore, we hypothesized that FDG PET/
CTcould be helpful in mediastinal LN staging in patients with
underlying pneumoconiosis. The present study was performed
to investigate the diagnostic value of PET/CT with respect to
differentiating PMF from lung cancer, and for assessing me-
diastinal LN in lung cancer patients with pneumoconiosis.

Materials and methods

Patient population

This retrospective study was approved by our Institutional
Review Board. The requirement for informed consent was
waived because of the retrospective design of the study. A
total of 74 pneumoconiosis patients with suspected lung can-
cer on previous chest radiography or chest CT and who
underwent PET/CT between July 2009 and April 2016 were
retrospectively screened. We excluded patients with a previ-
ous history of comorbid malignancy (n = 5) and lack of suffi-
cient clinical data (n = 20). Forty-nine pneumoconiosis pa-
tients were finally enrolled (Fig. 1) (48 men and one woman;
mean age, 72.6 years; range 54–87 years). In total, 48 patients
had an occupational history associated with pneumoconiosis
(41 coal workers, 7 stonemasons), and occupational history
was unknown for one patient. Mean occupational duration of
the 48 patients was 21.7 ± 7.9 years.

Eur Radiol (2020) 30:442–451 443



FDG PET/CT protocol

All patients fasted for at least 6 h before the PET/CT scan. A
dose of 3.7–5.5 MBq/kg [18F]FDG was injected intravenous-
ly, and scanning began 60min later. None of the patients had a
blood glucose level > 150 mg/dL before injection. No intra-
venous contrast agent was administered. Images were ac-
quired using a combined PET/CT in-line system (Biograph
Duo or Biograph TruePoint; Siemens Medical Solutions).
The acquisition time was 2–3 min per bed position. Six or
seven beds were acquired according to patient’s height. All
patients were in the supine position without breath-holding
during the PET/CT scan. CT began at the orbitomeatal line
and progressed to the proximal thigh using a standard proto-
col: 130 kVp, 80 mAs, 5-mm slice thickness (Biograph Duo);
and 120 kVp, 50 mAs, 5-mm slice thickness (Biograph
TruePoint). Average CT dose index (CTDIvol) was
4.96 mGy. CT data was used for attenuation correction, and
CT images were reconstructed with body 30 kernel, back pro-
jection algorithm, and a 512 × 512 voxel matrix. PET scans of
the same body region were performed immediately after-
wards, and images were reconstructed using a standard

ordered-subset expectation maximization algorithm with 4 it-
erations and 8 subsets.

Image analysis

PET/CT images were assessed using software (XD3; Mirada
Medical), which produced multiplanar reformatted images
and displayed attenuation-corrected PET images, CT images,
and PET/CT fusion images. Image analysis was performed by
two experienced nuclear medicine physicians (with 9 and
10 years of experience, respectively). In case of reader dis-
agreement, we reached consensus with another nuclear med-
icine physician (22 years of experience). For semi-quantitative
analysis, the maximum standardized uptake value (SUVmax)
was measured from PET images by placing a spherical region
of interest (ROI) at the site of suspected primary lung cancer
or PMF. Long- and short-axis diameters (DL and DS), ratio of
long- to short-axis diameter (DL/S), and Hounsfield unit (HU)
were measured on the CT portion of PET/CT.

In addition to quantitative analysis, two nuclear medicine
physicians independently conducted visual analysis for lung
masses. For discordant lesions, final decision was made by a

Pneumoconiosis patients 

with staging FDG PET/CT 

for suspected lung cancer

from July 2009 to April 2016 (n=74)

49 patients included

5 patients with comorbid other malignancy

20 patients without sufficient clinical data

Lung mass evaluation

(83 lung masses 

in 49 patients)

42 lung cancers
- 23 squamous cell carcinoma

- 12 adenocarcinoma

- 7 small cell  carcinoma

41 PMFs

pathologically 

confirmed by CT 

guided biopsy or 

operation

pathologically 

confirmed or 

imaging and 

clinical follow-up

Mediastinal LNs 

evaluation

(40 LNs in 18 patients) 

7 metastatic LNs 33 reactive LNs
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EBUS-TBNA or 
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Fig. 1 Flowchart of the study population. FDG, fluorodeoxyglucose; LN, lymph node; PMF, progressive massive fibrosis; PET/CT, positron emission
tomography/computed tomography
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third nuclear medicine physician. For the PET portion, when
the masses showed intense FDG uptake and globular shape,
they were considered lung cancer. Masses with elongated
shape regardless of FDG uptake were considered PMF. For
the CT portion, when the masses showed globular shape and
lower attenuation compared with blood vessels or muscle den-
sity on non-contrast CT, they were considered lung cancer. On
the other hand, masses with elongated shape, high density
above blood vessels or muscle, and/or calcification were con-
sidered PMF. For PET/CT, when the masses showed intense
FDG uptake, globular shape, and lower attenuation compared
with blood vessels or muscle density on non-contrast CT por-
tion, they were considered lung cancer. On the other hand,
masses with elongated shape, high density above blood ves-
sels or muscle, and/or calcification were considered PMF. For
intrareader reliability analysis, one reader reviewed the images
14 weeks after the first image review.

SUVmax, DS, and HU from the mediastinal LNs, which
were confirmed reactive or metastatic LN by endobronchial
ultrasound–guided transbronchial needle aspiration (EBUS-
TBNA) or operation, were measured. DS and HU were mea-
sured on the CT portion of PET/CT. The mediastinal LN lo-
cations were described according to the International
Association for the Study of Lung cancer (IASLC) LN map
[18]. Metastatic LNs on PET images were defined as those
showing FDG uptake higher than mediastinal blood pool ac-
tivity (aortic arch level) with an asymmetric distribution.
Asymmetric distribution means that enlarged LNs with in-
creased FDG uptake were made prominent on one side (right
or left). Metastatic LNs on CT images were defined as LN
enlargement with DS ≥ 1 cm and attenuation < 70 HU. For
PET/CT criteria, the LN showed a higher uptake than the
mediastinal blood pool, with an asymmetric distribution and
attenuation < 70 HU [19].

To evaluate the diagnostic value of N staging using PET/
CT, we compared overall N staging using both PET/CT
criteria and CT (only) criteria.

Reference of diagnosis

All suspected lung cancer masses on PET/CTwere patholog-
ically confirmed by CT-guided biopsy or operation. Among
the pneumoconiotic nodules, lesions > 1 cm in diameter were
considered PMF. For suspected PMF masses, the final diag-
nosis was made by one of two methods. Histopathological
confirmation was performed in patients with available find-
ings from CT-guided biopsy or operation. In patients for
whom histopathological confirmation was unavailable, the fi-
nal diagnosis was made by imaging and clinical follow-up.
Lesions that were not pathologically confirmed but remained
unchanged or showed an indolent clinical course for at least
2 years of follow-up (mean 33.2 months) were considered
PMF.

Statistical analysis

Statistical analyses were carried out using SPSS software (ver.
24.0; SPSS). All values are presented as means ± standard
deviation (range). After a normality test (the Kolmogorov–
Smirnov test), either Student’s t test or the Mann–Whitney U
test was performed to compare the mean values of SUVmax,
DL, DS, DL/S, and HU from lung cancer and PMF, and the
mean values of SUVmax, DS, and HU from metastatic LNs
and reactive LNs. The sensitivity, specificity, and accuracy of
PET/CT and CT for diagnosis of metastatic mediastinal LN
were compared by McNemar’s test. Receiver operating char-
acteristic (ROC) analysis was used to determine the optimal
cutoff value to differentiate lung cancer from PMF and to
differentiate metastatic LN from reactive LN. Inter-reader
agreement was expressed as kappa value. For intrareader reli-
ability, we used intraclass correlation coefficient (ICC) by a
two-way random effects model. In all analyses, p < 0.05 was
taken to indicate statistical significance.

Results

Of 83 lungmasses detected in 49 patients, 42were lung cancer
and 41 were PMF. The median value and average of number
of lung masses per patient were 1 and 1.7, respectively (range
1~4). Among the 42 lung cancers, squamous cell carcinoma
was the most common type (n = 23), followed by adenocarci-
noma (n = 12) and small cell carcinoma (n = 7). The treatment
methods of 42 lung cancer patients were as follows: operation
(n = 8), systemic chemotherapy with/or without radiation ther-
apy (n = 19), radiation therapy (n = 6), or conservative care
(n = 9).

Lung cancer versus PMF

Forty-two lung cancers were confirmed by biopsy or surgical
pathology. Forty-one PMF lesions were confirmed by CT-
guided biopsy (n = 1) or imaging and clinical follow-up (n =
40). SUVmax of lung cancer was significantly higher than that
of PMF (12.3 ± 5.7 vs. 6.3 ± 2.8, respectively; p < 0.001)
(Fig. 2). There was no difference in DL between lung cancer
and PMF (4.0 ± 1.6 vs. 4.7 ± 2.1; p = 0.082), but lung cancer
showed longerDS (2.8 ± 1.2 cm vs. 2.3 ± 1.0 cm, respectively;
p = 0.020) and smaller DL/S (1.4 ± 0.3 vs. 2.2 ± 0.6, respec-
tively; p < 0.001) compared with PMF. HU of lung cancer
was significantly lower than that of PMF (36.6 ± 9.3 vs.
61.3 ± 19.6, respectively; p < 0.001) (Table 1 and Fig. 3).

A subgroup analysis was performed according to PET/CT
scanner (scanners 1 and 2) considering the dependence of HU
value on the kilovoltage peak in CT protocol. In the subgroup
analysis of PET/CT scanner 1, HU of lung cancer was signif-
icantly lower than that of PMF (37.5 ± 8.2 vs. 59.7 ± 13.8,
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respectively; p = 0.001). Likewise, in the subgroup analysis of
PET/CT scanner 2, HU of lung cancer was significantly lower
than that of PMF (36.2 ± 9.7 vs. 62.2 ± 22.4, respectively;
p < 0.001).

In ROC analysis, FDG PET/CT had a sensitivity of 81.0%,
specificity of 73.2%, and accuracy of 77.1%, with SUVmax
7.4 as the cutoff value (AUC 0.848, p < 0.001). The sensitiv-
ity, specificity, and accuracy were 92.8%, 87.8%, and 90.4%,
respectively, for a cutoff HU value of 45.5 (AUC 0.910,

p < 0.001). Using a cutoff value of 1.7 forDL/S, the sensitivity,
specificity, and accuracy were 85.7%, 80.5%, and 83.1%, re-
spectively (AUC 0.874, p < 0.001). The sensitivity, specifici-
ty, and accuracy were 57.1%, 66.7%, and 61.9%, respectively,
forDS cutoff value of 2.45 cm (AUC 0.648, p = 0.02) (Fig. 4).
When we combined the cutoff value of SUVmax (> 7.4) and
HU (< 45.5), the sensitivity, specificity, and accuracy were
73.8%, 97.6%, and 85.5%, respectively. The specificity was
higher than that using SUVmax or HU alone.

In subjective analysis, reader disagreement was seen in
thirteen lung masses for PET, three for CT, and six for
PET/CT. The degree of inter-observer agreement expressed
as kappa value for PET, CT, and PET/CT was 0.69, 0.86,
and 0.93, respectively. The sensitivity, specificity, and ac-
curacy for PET were 88.1%, 90.2%, and 89.2%, respec-
tively. The sensitivity, specificity, and accuracy for CT
were 97.6%, 97.6%, and 97.6%, respectively. The sensitiv-
ity, specificity, and accuracy for PET/CT were 100%,
97.6%, and 97.6%, respectively.

For intrareader reliability, ICC of PET, CT, and PET/CT
was 0.879 (95% confidence interval [CI] 0.813, 0.922;
p < 0.001), 0.963 (95% CI 0.942, 0.976; p < 0.001), and
0.940 (95% CI 0.907, 0.961; p < 0.001), respectively.

a b

c

Fig. 2 A 77-year-old man with a growing mass in the left upper lobe
(LUL). aMaximum intensity projection image, (b) axial PET image, and
(c) axial CT image showing a lobulated mass with intense focal uptake in
the LUL (arrowhead, SUVmax 23.3,DL 3.2 cm,DS 2.3 cm,DL/S 1.4, and
HU 39.6) and irregular coalescent nodule with moderate FDG uptake in
the right upper lobe (RUL) (arrow, SUVmax 7.0, DL 4.1 cm, DS 1.7 cm,

DL/S 2.4, and HU 60.4). Squamous cell carcinoma was confirmed by
LUL lobectomy. The RUL mass showed no growth for 2 years, sugges-
tive of PMF. Mediastinal LNs showed symmetrically increased FDG
uptake with higher density. For the right lower paratracheal and
subcarinal LNs, reactive LNs were confirmed by pathology

Table 1 Comparison of SUVmax, DL, DS, DL/S, and HU values
between lung cancer and PMF

Values Lung cancer (n = 42) PMF (n = 41) p

SUVmax 12.3 ± 5.7 6.3 ± 2.8 < 0.001

DL (cm) 4.0 ± 1.6 4.7 ± 2.1 0.082

DS (cm) 2.8 ± 1.2 2.3 ± 1.0 0.020

DL/S 1.4 ± 0.3 2.2 ± 0.6 < 0.001

HU 36.6 ± 9.3 61.3 ± 19.6 < 0.001

SUVmax, maximum standardized uptake value; DL, long-axis diameter;
DS, short-axis diameter, DL/S, ratio of long- to short-axis diameter; HU,
Hounsfield unit; PMF, progressive massive fibrosis
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Mediastinal lymph node staging

A total of 40 LNs from 18 patients had histological results
available (20 from EBUS-TBNA and 20 LNs from surgery).
Seven LNs were confirmed to be metastatic (details of all 40
LNs are described in supplementary data 1). Metastatic LNs
showed significantly higher SUVmax (7.4 ± 2.5 vs. 5.6 ± 1.8,
respectively; p = 0.027), larger DS (1.5 ± 0.7 cm vs. 0.9 ±
0.4 cm, respectively; p = 0.008), and lower HU (40.5 ± 7.5

vs. 57.8 ± 14.1, respectively; p = 0.001) than reactive LNs.
When applying the diagnostic criteria of PET, the sensitivity,
specificity, and accuracy of mediastinal LN staging were
85.7%, 87.9% and 87.5%, respectively. The sensitivity, spec-
ificity, and accuracy with CTwere 71.4%, 69.7% and 70.0%,
respectively. Using PET/CT criteria, the sensitivity, specifici-
ty, and accuracy were 85.7%, 93.9%, and 92.5%, respectively.
The specificity and accuracy of PET/CT were significantly
higher than those of CT alone (p = 0.039 and p = 0.035,

Fig. 3 Box plots of SUVmax, DS, DL/S, and HU in lung cancers and PMFs

Fig. 4 ROC curves for SUVmax,
DS, DL/S, and HU for
discrimination of lung cancer and
PMF
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respectively). There were no significant differences between
PETonly and CTonly results, or between PET only and PET/
CT combined (all p > 0.05, Table 2).

We analyzed overall N staging in 40 lung cancer patients
with final diagnosis available, either by pathology or by clin-
ical follow-up. PET/CT accurately predicted N staging in 38
of 40 patients and CT predicted N staging in 33 of 40 patients.
For one patient, N stage could not be predicted by PET/CT or
CT. There were seven discordant cases between PET/CT and
CT. Of the seven discordant cases, PET/CTwas wrong in one
case and CTwas wrong in six cases. One case which was N0
by PET/CT due to symmetric FDG uptake in mediastinal LNs
had a subcarinal node with 1.3 cm and 45.2 HU on CT por-
tion. CT N stage was N2. EBUS-TBNAwas done and pathol-
ogy of subcarinal node was metastatic carcinoma. The other
six cases were accurately predicted by PET/CT: three cases
were upstaged and three cases were downstaged. One of the
patients downstaged by PET/CT resulted in change of treat-
ment and could undergo surgical resection.

Discussion

Our study highlights the diagnostic value of PET/CT for dif-
ferential diagnosis between lung cancer and PMF in pneumo-
coniosis patients. This study compares the PET/CT findings
of PMF and lung cancer based on both PET (SUVmax) and
CT parameters (size, shape, and density). Compared with
PMF, lung cancer showed a higher SUVmax, longer DS,
smaller DL/S, and lower HU. Our study suggests that PET/
CT may have a role in the differentiation between lung cancer
and PMF in pneumoconiosis patients.

Kakubo et al reported that SUVmax was significantly higher
in lung cancer than in pneumoconiotic lesions [20]. This find-
ing is similar to our results, indicating the potential of SUVmax
for differentiation between lung cancer and benign lesions in
pneumoconiosis patients. However, the previous report showed
a lower mean SUVmax in cases of pneumoconiotic lesions than
was seen in PMF lesions in the present study (2.85 ± 0.24 vs.
6.3 ± 2.8, respectively). Likewise, SUVmax of lung cancer in

the previous study was lower than that in the present study
(7.12 ± 2.36 vs. 12.3 ± 5.7). The difference in SUVmax be-
tween PMF lesions in our study and pneumoconiotic lesions
in the previous study was likely due to differences in the size of
the lesions included in the analyses; while the previous study
included pneumoconiotic lesions ≤ 3 cm, we included only
PMFs > 1 cm in diameter. Thus, the higher SUVmax of PMF
in our study may be explained by the larger size of PMF lesions
included in the analysis. A wide range of SUVmax values has
been reported for PMF in the literature, with a mean value of
6.3 (range 1.9–14.3) [14, 20, 21].

We plotted ROC curves to determine the optimal cutoff
values of PET and CT parameters for differential diagnosis
between lung cancer and PMF. While the sensitivity of HU
(92.9%) was sufficient to detect lung cancer in pneumoconi-
osis patients, the specificities of HU (73.2%) and even
SUVmax (87.8%) were moderate. The inherent limitations
of both morphological and functional imaging modalities,
with respect to evaluating malignancy, are well known.
These modalities may have complementary value, so cutoff
values of the two parameters were applied simultaneously, and
the specificity for discrimination between lung cancer and
PMF was improved (97.6%). The clinical implication of these
results is that PET/CT may have a better ability to distinguish
between lung cancer and PMF in pneumoconiosis patients
than either PET or CT alone.

Morphological features on chest CT may be used to distin-
guish between lung cancer and benign mass lesions. In partic-
ular, PMF appears as an irregular nodule or mass with calci-
fication, commonly occurring in the upper and middle lung
zones and in areas surrounding the emphysematous lung tis-
sue [22]. However, in cases in which malignant lung cancer
shows similar radiological findings to PMF, it is difficult to
distinguish lung cancer from PMF in pneumoconiosis pa-
tients. Furthermore, PMF may grow over time, which could
raise suspicion of malignancy. There have been few reports on
the use of HU from CT to differentiate between lung cancer
and PMF, and we assessed PMF using HU on the CT portion
of PET/CT in pneumoconiosis patients. In our study, there was
a significant difference in HU between lung cancer and PMF

Table 2 Diagnostic performance of different imaging modalities for mediastinal lymph node staging

PET only CT only PET/CT

Positive Negative Positive Negative Positive Negative

Pathology Positive 6 1 5 2 6 1

Negative 4 29 10 23 2 31

Imaging Sensitivity (%) Specificity (%) Accuracy (%)

PET only 85.7 87.9 87.5

CT only 71.4 69.7 70.0

PET/CT 85.7 93.9 92.5

PET, positron emission tomography; CT, computed tomography
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(36.6 ± 9.3 vs. 61.3 ± 19.6, respectively). The high attenuation
in PMF is likely due to the coexistence of granulomatous
inflammation and calcification [6]. In this study, while 61%
(25/41) of PMF had calcification, only 21.4% (9/42) of lung
cancer had calcification. The calcification pattern in lung can-
cer was one or two tiny calcifications located in the peripheral
portion of the lung mass. On the other hand, the pattern of
calcification in PMF was relatively large, multifocal calcifica-
tions with random distribution.

Microscopically, PMF is composed of coal dust, collagen,
and elastic fibers, with numerous pigment-laden macrophages
and fibroblasts, with or without central necrosis [23]. It has been
suggested that increased FDG uptake in PMF is related to active
inflammation with fibrosis and may cause false-positive lung
cancer results in pneumoconiosis patients [24, 25]. In this study,
lung cancer tended to show higher SUVmax than PMF in pneu-
moconiosis patients. However, there was a partial overlap in the
degree of FDG uptake between lung cancer and PMF in this
study, and 11 false-positive cases were found when only
SUVmax was considered (Fig. 5). Previous studies have report-
ed a relatively low specificity and high rate of false-positive
PET diagnoses of lung cancer in patients with underlying pneu-
moconiosis [14, 21]. To overcome this limitation, we performed
additional CT analysis with HU to improve the specificity of
differentiation between lung cancer and PMF. When SUVmax
and HU were used in combination to distinguish lung cancer
from PMF, the number of false positives was reduced from 11
to 1 (Table 3). One factor leading to this discrepancy may be
that the previous studies were based only on PET findings of
PMF and not on PET/CT findings.

It is known that there is difference in the measured HU for a
variety of different CT scanners as well as for different
kilovoltage peak settings [26]. In our study, PET/CT scans
were acquired using two different scanners of Siemens
(Biograph Duo and Biograph TruePoint). When we divided
masses into subgroups according to PET/CT scanner, the re-
sults were similar regardless of the PET/CT scanner type.

We evaluated only 40 pathologically verified mediastinal
LNs, because invasive mediastinal nodal sampling (i.e., via
surgery, endobronchial ultrasound, or mediastinoscopy) was
not possible in pneumoconiosis patients with poor pulmonary
function. In our study, metastatic LNs tended to have more
intense FDG uptake, with an asymmetrical pattern, larger size,
and lower attenuation than reactive LNs in the mediastinum of
pneumoconiosis patients. Although the number of mediastinal
LNs included in the analysis was small, our study demonstrat-
ed that PET/CT may be useful as a non-invasive method to
help discriminate between malignant and reactive nodes in
pneumoconiosis patients. Further validation studies with larg-
er number of patients are required.

Fig. 5 Scatter plot of SUVmax
and HU in lung cancer and PMF

Table 3 False-negative and false-positive cases using PET, CT, and
PET/CT for lung cancer diagnosis

PET CT PET/
CT

False negative 8 3 8

False positive 11 5 1

PET, positron emission tomography; CT, computed tomography
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A limitation of this study was that pathologic confirmation
was not available for all pulmonary lesions and mediastinal
LNs. We could not assess the clinical impact of mediastinal
LN staging with PET/CT, because lung cancer patients with
underlying pneumoconiosis generally have poor pulmonary
function, precluding them from surgery. In addition, the retro-
spective nature of the study design and the relatively small
number of patients enrolled must be taken into account.
Finally, selection bias may have been introduced by the inclu-
sion of only patients with suspected lung malignancy on pre-
vious chest CT, with or without contrast enhancement. We
plan to perform a further prospective study including data
from larger numbers of patients, with a higher rate of patho-
logical confirmation, and analysis of overall survival to assess
prognostic value.

In conclusion, PET/CT is useful for the detection of pul-
monary malignancy and mediastinal LN staging in patients
with underlying pneumoconiosis. SUVmax, DS, DL/S, and
HU were useful parameters for differentiating lung cancer
from PMF in these patients. When combining PET and CT
parameters, a diagnostic advantage may be obtained, with
respect to specificity, for distinguishing lung cancer from
PMF and for mediastinal LN staging.
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