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Objective: This study aimed to compare thin-section CT images from sarcoidosis
patients who had either normal or elevated serum KL-6 levels.

Methods: 101 patients with sarcoidosis who underwent thin-section CT examinations of
the chest and serum KL-6 measurements between December 2003 and November 2008
were retrospectively identified. The study group comprised 75 sarcoidosis patients (23
male, 52 female; aged 19-82 years, mean 54.1 years) with normal KL-6 levels (152-499
Uml™, mean 305.7 Uml™") and 26 sarcoidosis patients (7 male, 19 female; aged 19-75 years,
mean 54.3 years) with elevated KL-6 levels (541-2940 U ml~', mean 802.4 U ml™"). Two chest
radiologists, unaware of KL-6 levels, retrospectively and independently interpreted CT
images for parenchymal abnormalities, enlarged lymph nodes and pleural effusion.
Results: CT findings in sarcoidosis patients consisted mainly of lymph node enlargement
(70/75 with normal KL-6 levels and 21/26 with elevated KL-6 levels), followed by nodules
(50 and 25 with normal and elevated levels, respectively) and bronchial wall thickening
(25 and 21 with normal and elevated levels, respectively). Ground-glass opacity, nodules,
interlobular septal thickening, traction bronchiectasis, architectural distortion and
bronchial wall thickening were significantly more frequent in patients with elevated KL-6
levels than those with normal levels (p<0.001, p<0.005, p<<0.001, p<0.001, p<0.001 and
p<0.001, respectively). By comparison, there was no significant difference in frequency of
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lymph node enlargement between the two groups.

Conclusion: These results suggest that serum KL-6 levels may be a useful marker for

indicating the severity of parenchymal sarcoidosis.

KL-6 is a mucin-like high molecular weight glycopro-
tein that is expressed on Type II pneumocytes and
respiratory bronchiolar epithelial cells in the normal lung
[1, 2]. Serum levels of KL-6 are elevated in various
respiratory and non-respiratory conditions, including
breast and pancreatic cancers [3, 4] and diabetes mellitus
[5]. This observation has led to a focus on the use of KL-6
as a diagnostic and prognostic tool in respiratory diseases.

Serum and bronchoalveolar lavage fluid levels of KL-6,
first described by Kohno et al [6] in 1988, were raised in
patients with interstitial pneumonia [1, 2, 7]. Several
investigators have also reported that KL-6 is a useful serum
marker to confirm diagnosis and for long-term manage-
ment in patients with diffuse pulmonary diseases, particu-
larly interstitial lung diseases. Patients with idiopathic
pulmonary fibrosis or non-specific interstitial pneumonia
showed significantly elevated KL-6 levels [8-13].

Several studies indicate that the serum KL-6 level is
elevated in patients with sarcoidosis [14-16]. However,
no studies describing radiological findings comparing
thin-section CT images between patients with elevated
KL-6 levels and those with normal KL-6 levels have been
published in the English language literature.
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Thus, we aimed to retrospectively evaluate and
compare pulmonary CT findings between patients with
elevated KL-6 levels and those with normal KL-6 levels.

Methods and materials

Patients

101 patients with known serum KL-6 levels who
underwent thin-section CT between December 2003 and
November 2008 at our institutions, and in whom
sarcoidosis was histologically and clinically diagnosed,
were included in this study. Thin-section CT scans were
performed within 3 days of KL-6 level measurements.
Transbronchial lung biopsy and other tissue biopsies
were performed within 2 weeks of the CT scan.

Our study included 75 sarcoidosis patients (23 men, 52
women; age range 19-82 years; mean age 54.1 years) with
normal KL-6 levels (152-499 Uml™; mean 305.7 Uml™;
Table 1) in whom transbronchial lung biopsy (n=42),
surgical lung biopsy (n=1), lymph node biopsy (n=12),
muscle biopsy (n=4), testis biopsy (n=1), skin biopsy
(n=>5) or clinical diagnosis (n=10) had been performed.
26 sarcoidosis patients (7 men, 19 women; age range
19-75 years; mean age 54.3 years) with elevated KL-6
levels (521-2940 Uml™; mean 802.4Uml™}; Table 1) in
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Table 1. Comparison of thin-section CT findings

Finding Normal KL-6 Elevated KL-6  p-Value
(n=175) (n=26)

Consolidation 3 (4.0) 2(7.7) NS

Ground-glass 10 (13.3) 16 (61.5) <0.001
opacity

Nodules 50 (66.7) 25 (96.2) <0.005

Interlobular 20 (26.7) 25 (96.2) <0.001
septal thickening

Traction 7 (9.3) 25 (96.2) <0.001
bronchiectasis

Intralobular 3 (4.0) 0 (0) NS
reticular opacity

Architectural 7 (9.3) 26 (100) <0.001
distortion

Bronchial wall 25 (33.3) 21 (80.8) <0.001
thickening

Lymph node 70 (93.3) 21 (80.8) NS
enlargement

Pleural effusion 0 (0) 0 (0) NS

Data in parentheses are percentages. NS, not significant.

whom transbronchial lung biopsy (1=18), lymph node
biopsy (n=4), muscle biopsy (n=1), liver biopsy (n=1) or
clinical diagnosis (n=2) had been performed were also
included in this study. The ethical review boards of the
institutions that contributed cases to this study did not
require approval or informed consent for the retro-
spective review of patient records and images.

Patients with idiopathic interstitial pneumonia were
excluded from the study. Moreover, patients with all
other known cases of interstitial pneumonia (i.e. con-
nective tissue disease, pneumoconiosis, hypersensitivity
pneumonitis or drug-induced pneumonitis), those diag-
nosed with concurrent infectious diseases by serological
tests and by clinical and pathological findings, and those
with malignancy or diabetes mellitus were excluded.

Sarcoidosis was diagnosed on the basis of histological
findings and clinical history. The clinical findings in all
patients were subsequently reviewed by two chest
radiologists to ensure that all cases fulfilled the diag-
nostic criteria recommended by the American Thoracic
Society and the European Respiratory Society [17].

CT examinations

Thin-section CT examinations were performed within 7
days of the chest radiographs. The CT examinations were
performed with 1 mm collimation at 10 mm intervals from
the apex of the lung to the diaphragm (1=25; 19 with
normal KL-6 levels and 6 with elevated KL-6 levels), or
volumetrically with a multidetector CT system with 1mm
reconstruction (1=76; 56 with normal KL-6 levels and 20
with elevated KL-6 levels). CT images were obtained at the
end of inspiration and in a supine position. The scanning
protocol consisted of the reconstruction of 1 mm collima-
tion sections with a high spatial frequency algorithm at
10 mm intervals. Images were captured at window settings
allowing the viewing of the lung parenchyma (window
level —600 to —700 HU; window width 1200-1500 HU)
and the mediastinum (window level 20-40 HU; window
width 400 HU). All initial scans were evaluated.
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Radiographic interpretation

Images were reviewed independently, in a random
order, by two chest radiologists (with 21 and 9 years of
experience in chest image interpretation). The observers
were unaware of KL-6 levels and clinical information.

Chest radiographs were used to classify the patients as
being Type 0 (normal chest radiograph), Type I (bilateral
hilar lymphadenopathy), Type II (bilateral hilar lympha-
denopathy with pulmonary infiltrates) and Type III
(pulmonary infiltrates without lymphadenopathy).

CT images were assessed for the following radiological
patterns: ground-glass opacity, consolidation, nodules,
interlobular septal thickening, traction bronchiectasis,
intralobular reticular opacity, architectural distortion,
bronchial wall thickening, enlarged hilar/mediastinal
lymph node(s) (>1 cm in diameter of the short axis) and
pleural effusion. Areas of ground-glass opacity were
defined as hazy increases in attenuation without obscura-
tion of vascular markings [18, 19]. Areas of consolidation
were defined as areas of increased attenuation causing
obscuration of normal lung markings [18, 19]. Interlobular
septal thickening was defined as abnormal widening of
interlobular septa [19]. Intralobular reticular opacity was
considered present when interlacing line shadows were
separated by a few millimetres [18, 19]. Traction bronch-
iectasis was defined as irregular bronchial dilatation
within the surrounding areas showing parenchymal
abnormalities. Architectural distortion was considered
present when bronchi, pulmonary vessels or interlobular
fissures or septa were abnormally displaced [19].

Measurement of KL-6 levels

Serum KL-6 levels were measured within 3 days of the
initial CT scans and before steroid treatment using a
sandwich-type enzyme-linked electrochemiluminescence
immunoassay kit (Picolumi KL-6; Sanko Junyaku, Tokyo).
The recommended cut-off value was determined at
500 Uml™" according to levels reported in healthy
individuals [6]. The assay was performed by technicians
unaware of the clinical information related to the samples.

Statistical analysis

Statistical analyses of the incidence of symptoms and
laboratory data were conducted using Fisher’s exact test
and the »* test. Mean age comparison was conducted
using Student’s f-test. A p<<0.05 was considered to be
statistically significant.

Results

Radiographs

Patients were radiographically classified as being Type
0 (n=17), Type 1 (n=29), Type II (n=38) or Type III
(n=17). The mean KL-6 value was 301+244 Uml™ in
stage 0, 3334259 Uml™ in stage I, 1136+777 Uml™" in
stage II and 13314775 Uml™" in stage IIl. The serum
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(b)

Figure 1. Images in a 69-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of right upper
lobe shows ground-grass appearance (arrows; KL-6, 2940 Uml™). (b) Transverse CT scan (1 mm section thickness) obtained, after
surgical biopsy 4 years later, shows disappearance of ground-grass opacity (KL-6, 313 Uml™).

KL-6 levels for Type II or III were significantly elevated
compared with those in Type 0 and I (p<<0.01).

CT patterns

CT findings are summarised in Table 1. Of the 75
patients with normal KL-6 levels, nodules (1=50, 66.7%)
were observed most frequently, followed by bronchial
wall thickening (n=25, 33.3%), interlobular septal thick-
ening (1=20, 26.7%), ground-glass opacity (n=10, 13.3%),
architectural distortion (n=7, 9.3%), traction bronchiec-
tasis (n=7, 9.3%), consolidation (n=3, 4%) and intralob-
ular reticular opacity (n=3, 4%) (Figures 1-4).

By contrast, of the 26 patients with elevated KL-6 levels,
architectural distortion (Figures 2 and 3) was observed in
all cases, followed by nodules (Figures 2—4), interlobular

septal thickening and traction bronchiectasis (1=25, 96.2%;
Figures 2 and 3), bronchial wall thickening (n=21, 80.8%;
Figure 3), ground-glass opacity (n=16, 61.5%; Figure 1)
and consolidation (n=2, 7.7%, Figure 4).

Ground-glass opacity, nodules, interlobular septal
thickening, traction bronchiectasis, architectural distortion
and bronchial wall thickening were significantly more
frequent in patients with elevated KL-6 levels than in those
with normal KL-6 levels (p<<0.001, p<<0.005, p<0.001,
p<<0.001, p<<0.001 and p<<0.001, respectively).

Lymph nodes and effusions

In 70 of 75 patients with normal KL-6 levels (93.3%)
and in 21 of 26 patients with elevated KL-6 levels
(80.8%), enlarged lymph nodes were observed at the

(b)

Figure 2. Image in a 69-year-old man. (a) Transverse CT scan (1 mm section thickness) obtained at the level of left lower lobe
shows a nodule in the periphery (arrow; KL-6, 333 Uml™). (b) Transverse CT scan (1 mm section thickness) obtained 6 months
later shows architectural distortion (KL-6, 581 U ml™"). Traction bronchiectasis is also present (arrows).
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(b)

Figure 3. Images in a 35-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of upper lobes
shows multiple small nodules (arrows) and architectural distortion (arrowheads; KL-6, 1000 U ml™). Traction bronchiectasis and
bronchial wall thickening are also present (white arrows). (b) Transverse CT scan (1 mm section thickness) obtained 6 months
later demonstrates disappearance of nodules, architectural distortion, traction bronchiectasis and bronchial wall thickening (KL-

6, 285 Uml™).

pre-tracheal, paratracheal, tracheobronchial or subcar-
inal regions (Figure 5). There was no significant differ-
ence in frequency of lymph node enlargement between
the two groups.

Pleural effusions were not found in any patients in the

study.

Follow-up study

Follow-up CT scans were obtained from 36 out of 101
patients at intervals of 1-61 months after initial CT
examination (mean follow-up time 7 months). Of 14
patients with ground-glass attenuation (2 patients with
normal KL-6 levels and 12 patients with elevated KL-6
levels), follow-up CT scans revealed complete clearing in
1 patient, a decrease in another patient, an increase in 1
patient and no change in 11 patients. In the patients with

complete clearing and decreased ground-glass opacity,
elevated KL-6 levels improved to within normal limits
(Figure 1). In all of the patients with unchanged findings,
initial KL-6 levels remained unchanged. By comparison,
in the patient with an increase in ground-glass opacity,
the KL-6 level worsened.

Of 19 patients with architectural distortion (2 with
normal KL-6 levels and 17 with elevated KL-6 levels),
follow-up CT scans showed a decrease in 4 patients, no
change in 14 patients and an increase in 1 patient. In all
patients with improved findings, KL-6 levels decreased
(Figure 3); in the patient with worsened findings, the KL-
6 level increased (Figure 2).

Of 33 patients with nodules (16 with a normal KL-6
level and 17 with elevated KL-6 levels), follow-up CT
scans showed a decrease in 9 patients, no change in 19
patients and an increase in 5 patients. Of the 9 patients
with improved findings, KL-6 levels improved in 7

(b)

Figure 4. Images in a 65-year-old woman. (a) Transverse CT scan (1 mm section thickness) obtained at the level of division of
right B6 shows consolidation in right middle lobe (arrow) and multiple nodules (arrowheads; KL-6, 400 UmI™). (b) Transverse CT
scan (1mm section thickness) obtained 5 months later shows worsened consolidation (arrow) and unchanged nodules
(arrowheads); however, the KL-6 level is not elevated (KL-6, 397 Uml™).
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Figure 5. Images in a 46-year-old male (KL-6, 239 UmlI™") (a) Transverse CT scan (1 mm section thickness) obtained at the level of
the right pulmonary artery shows enlarged lymph nodes at subcarinal and bilateral hilar regions (arrows). (b) Transverse CT scan
(1 mm section thickness) obtained at the level of the right pulmonary artery shows no abnormal parenchymal lesions.

patients (Figure 3) and remained unchanged in 2. Of the
19 patients with unchanged findings, KL-6 levels
improved in 4 patients, remained unchanged in 14 and
worsened in 1. By comparison, of the 5 patients with
worsened findings, KL-6 levels remained unchanged in 4
and worsened in 1.

Of 22 patients with bronchial wall thickening (8 with
normal KL-6 levels and 14 with elevated KL-6 levels),
follow-up CT scans showed a decrease in wall thickening
in 2 patients, no change in 19 patients and an increase in
1 patient. Of the patients with improved findings, KL-6
levels improved in 1 patient (Figure 3) and remained
unchanged in 1. In all of the 19 patients with unchanged
findings, initial KL-6 levels remained unchanged. In the
patient with an increase in bronchial wall thickening, the
KL-6 level worsened.

Of 3 patients with consolidation (2 with normal KL-6
levels and 1 with an elevated KL-6 level), follow-up CT
scans remained unchanged in 2 and worsened in 1. In all
of the patients with unchanged findings or worsened
findings (Figure 4), the initial KL-6 level remained
unchanged.

Of 28 patients with lymph node enlargement (15 with
normal KL-6 levels and 13 with elevated KL-6 levels),
follow-up CT scans showed a decrease in 1 patient and
no change in 27 cases. In the patient with improved
findings, the KL-6 level improved. Of the 27 patients
with unchanged findings, KL-6 levels improved in 13
patients with ameliorated parenchymal abnormalities
and worsened in 3 patients with exacerbated parenchy-
mal findings. No change was observed in 11 patients
with unchanged parenchymal abnormalities.

Discussion

KL-6 is a mucin-like high molecular weight glycopro-
tein found in 1988 by Kohno et al [6]. This group also
developed a monoclonal antibody against KL-6, which
reacts with a sialylated carbohydrate antigen strongly ex-
pressed in Type II alveolar pneumocytes and bronchiolar
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epithelial cells, but not on granulomatous tissue. Several
studies demonstrate that KL-6 is elevated in the broncho-
alveolar lavage fluid and serum of patients with various
types of interstitial pneumonia. The elevation of serum
KL-6 levels is considered to be associated with increased
permeability of the alveolar capillary barrier [20]. It has
also been reported that KL-6 induces chemotaxis of
human fibroblasts in vitro, suggesting that it may have a
pathological role in fibrosing lung disease [21]. Therefore,
measurement of serum KL-6 is now widely accepted as a
diagnostic marker for monitoring the activity of interstitial
lung diseases, such as idiopathic interstitial pneumonia,
and for the long-term management of various interstitial
diseases [1, 2, 7-11, 13].

The clinical picture of sarcoidosis varies from that of a
totally asymptomatic patient, with incidental radio-
graphic findings of bilateral hilar lymphadenopathy, to
a seriously dyspnoeic patient with acute respiratory
distress syndrome. Alveolitis and subsequent granulo-
matous processes are important in the pathogenesis of
sarcoidosis [22-24]. Bronchoalveolar lavage studies
have revealed that the alveolitis in sarcoidosis is
characterised by lymphocytic infiltration of T helper
cells. The activated T cells release various cytokines such
as interleukin-2 and interferon-gamma, which are
believed to play many important roles in the pathogen-
esis of sarcoidosis. Active alveolitis is often accompanied
by pulmonary tissue injury or clinical deterioration.

In 1989, Kohno et al [1] reported that serum KL-6
levels were elevated in 4 of 31 patients with sarcoidosis;
however, further study was not performed. Kobayashi
et al [16] investigated the use of serum KL-6 as a marker
for sarcoidosis activity in 47 patients, and found that
serum KL-6 levels were significantly elevated in radio-
graphic Type II and Type IIl patients compared with
Type 0 and Type I cases. These observations are similar
to those in our study. However, it was difficult to
ascertain whether the pulmonary lesions in these
patients were characterised by interstitial, granuloma-
tous or fibrous changes.
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Hiroshige et al [25] presented a case report of a
sarcoidosis patient with an elevated serum KL-6 level,
where CT images showed panlobular ground-glass
opacity with mosaic distribution. After steroid treatment
the CT findings improved and serum KL-6 normalised.

However, no studies describing the radiological
findings comparing thin-section CT images between
patients with elevated KL-6 levels and those with normal
KL-6 levels have been published in English. We retro-
spectively identified 101 patients with sarcoidosis who
underwent chest thin-section CT examinations and had
serum KL-6 measured.

Ground-glass opacity, traction bronchiectasis, archi-
tectural distortion, nodules, interlobular septal thicken-
ing and bronchial wall thickening were significantly
more frequent in patients with elevated KL-6 levels than
those with normal ones.

Pathologically, ground-glass opacity is considered to
represent interstitial inflammatory infiltrate with marked
thickening of alveolar septa by fibrous tissue [26]. Lynch
et al [27] and Hiroshige et al [25] reported that ground-
glass opacities correlated with active diffuse alveolitis.

Traction bronchiectasis and architectural distortion are
considered to represent the organisation and fibrosis of
the lungs around the bronchi [26, 28]. Our results
showed that increased KL-6 levels in sarcoidosis patients
whose CT scans consisted of ground-glass attenuation,
architectural distortion or traction bronchiectasis may
have been caused by an increase in KL-6 production by
regenerating alveolar Type II pneumocytes and/or an
enhanced permeability following the destruction of the
air-blood barrier in the affected lungs.

Bronchial wall thickening, interlobular septal thicken-
ing and nodules along bronchi, interlobular septa and
pleural regions were also significantly observed more
frequently in patients with an elevated KL-6 level than in
those with a normal KL-6 level. CT findings are
considered to correspond to granulomas, with or without
perigranulomatous fibrosis, formed in the connective
tissue sheath around the bronchial walls, pulmonary
vessels and airways [29]. Thus, our results might be due
to perigranulomatous fibrosis with granulomas.

On the other hand, the present study showed that there
was no significant difference in the frequency of con-
solidation between the two groups. Consolidation has
revealed alveolitis with inflammatory exudates in alveolar
spaces and/or accumulated granulomatous lesions [29-
31]. In the present report, biopsy specimens correspond-
ing to consolidation could not be obtained, and whether
consolidation shows alveolitis or granulomatous lesions
remains unclear. This result may possibly be due to a low
frequency of consolidation in this study compared with
that of previous studies [31]. Future work should confirm
these findings by use of a greater sample size.

Finally, there were several limitations in our study.
First, we undertook a retrospective study, and CT image
interpretation was performed by consensus. Second, CT
findings were not compared with pathological findings
in all patients because some patients were asymptomatic
and the diagnosis of sarcoidosis could be performed
using clinical findings. Third, CT scans, measurement of
KL-6 levels and histological specimens were not obtained
on the same days. Fourth, CT images were obtained at
several CT scans using different protocols. Furthermore,
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the relationship between the extent of abnormal findings
and KL-6 levels was not evaluated.

In summary, thin-section CT findings of nodules,
bronchial wall thickening, ground-glass opacity, traction
bronchiectasis and architectural distortion were asso-
ciated with elevated serum KL-6 levels. These results
suggest that serum KL-6 levels may be a useful marker
for indicating the severity of parenchymal sarcoidosis.
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