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Abstract: The aim of this study was to analyze the clinical, computed

tomography (CT), and positron emission tomography (PET) findings of

sarcoidosis, sarcoid reaction, and malignant lymph nodes (LNs) to the

results of transbronchial LN aspiration and biopsy (TBNA).

The TBNA results of mediastinal and hilar LNs of 152 patients in

our hospital from July 2008 to March 2013 were retrospectively

reviewed. Two independent radiologists measured the size and attenu-

ation of LNs on CT and assessed the probability of the 3 categories:

sarcoidosis (n¼ 36), sarcoid reaction (n¼ 25), or malignant LNs

(n¼ 91). The total volume and attenuation of LNs were measured using

Image J (NIH). The median maximum standardized uptake value

(maxSUV) of the 3 mediastinal and hilar LNs on PET/CT was obtained.

There was no significantly different CT finding between sarcoidosis

and sarcoid reaction. Multivariate analysis showed that the age, total

volume of LNs, and number of enlarged LNs significantly differed

between sarcoid reaction and malignant LNs. Sarcoid reaction tends to
, So Youn Shin, M oung Shin, MD,
hD, and Chang-Min Choi, MD, PhD

highest SUVs of the LNs did not significantly differ between the 3

entities.

(Medicine 94(27):e1095)

Abbreviations: CT = computed tomography, EBUS =

endobronchial ultrasound, FDG-PET/CT = 18F-fluorodeoxyglu-

cose-positron emission tomography/CT, maxSUV = maximum

standardized uptake value, PACS = picture archiving and

communication system, TBNA = transbronchial lymph node

aspiration and biopsy.

INTRODUCTION

S arcoidosis is a systemic disease manifestation of chronic
noncaseating granulomatous inflammation, with predomi-

nantly involving lung>90% of all sarcoidosis patients.1 Differ-
ent from the idiopathic sarcoidosis, sarcoid reaction is
considered as an immunologic abnormality related to a malig-
nant condition, and can occur in 4.4% of carcinoma, 7.3% of
non-Hodgkin lymphoma, and 13.8% of Hodgkin disease.2 A
previous article on the mediastinoscopy series in patients with
lung cancer has shown a 4.3% to 7% incidence of sarcoid-like
lesions.3,4 Although the lack of systemic symptoms in patients
with sarcoid reaction and some immunohistochemical studies
may help to differentiate sarcoidosis and sarcoid reaction,
imaging findings of these entities may not be informative
enough for both radiologists and clinicians. Therefore, sarcoid
reaction should always be considered as a differential diagnosis
when a cancer patient develops lymphadenopathy. If a case with
malignant lymph nodes (LNs) is misdiagnosed as sarcoid
reaction, the underestimation of the malignancy can lead to
insufficient treatment that will affect the patient’s disease
morbidity and mortality. On the contrary, sarcoidosis or sarcoid
reaction can mimic metastasis or progression of malignancy,5–

11 which may result in unnecessary systemic treatment. To make
a differential diagnosis, thoughtful review of previous com-
puted tomography (CT) and pathologic confirmation of the
involved lesions including mediastinal or hilar LNs are necess-
ary.12 Positron emission tomography (PET)/CT can be used to
guide early and aggressive therapy in patients with suspected
cancer recurrence. However, benign hypermetabolic lympha-
denopathy can mimic malignant lymphadenopathy on PET/CT.
Four cases of patients affected by gynaecological malignancies
and coexisting sarcoidosis are reported.5 Thus, it is important to
obtain a histological diagnosis before initiating antineoplastic
therapy based on CT findings.

Recently, CT evaluation to differentiate benign and malig-

was performed, and has been suggested
of CT to differentiate the entities.13 In
ferentiate the mediastinal and hilar LNs
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in the sarcoidosis, sarcoid reaction, and malignant LNs, and
quantitatively compare the radiologic findings of the 3 entities
using CT and 18F-fluorodeoxyglucose-PET (FDG-PET)/CT
scans. The objective of the study was to compare clinical,
CT, and PET/CT findings in sarcoidosis, sarcoid reaction,
and malignant LNs in order to determine how to differentiate
them in clinical settings.

MATERIALS AND METHODS

Study Population
This study was approved by our hospital’s Institutional

Review Board (Approval number: 2014-0880), and the require-
ment for the patient’s informed consent was waived because of
retrospective manner. From July 2008 to March 2013, 301
patients with mediastinal or hilar LNs on CT underwent trans-
bronchial LN aspiration and biopsy (TBNA). Equivocal med-
iastinal or hilar LN was defined as a LN with measured size of
> 7 to 11 mm on the short axis of the node depending on the
nodal station.14,15 If the results of TBNA were nondiagnostic,
rebiopsy or LN dissection was considered, and if not available,
close follow-up of the patients was performed. After excluding
44 patients who did not undergo CT within 1 month from the
pathologic diagnosis including TBNA, CT findings of 91
patients with malignant LNs, 36 idiopathic sarcoidosis, and
25 sarcoid reaction were compared (Figure 1). To compare the
FDG-PET/CT findings, 69 patients who did not perform
PET/CT within 1 month from the CT or pathologic diagnosis
were excluded. All patients were followed up for at least
6 months, with the mean follow-up period 2.6 years.

Clinical Features
Patients’ demographics, smoking history, presence of

malignancy, types of malignancy, history of sarcoidosis, coex-

Koo et al
isting granulomatous disease, and pulmonary function test
(PFT) results were reviewed. The PFT parameters were
recorded as percentages of the predicted values. The presence

FIGURE 1. Patient population in this study. CT¼computed tomogr
TBNA¼ transbronchial lymph node aspiration and biopsy.
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of systemic involvement of sarcoidosis such as skin, extrathor-
acic LNs, abdominal organ, cardiovascular system, nervous
system, or endocrine system was thoroughly reviewed. The
level of serum angiotensin converting enzyme in sarcoidosis or
sarcoid reaction was also recorded.

CT Scanning Protocol
Using 2 CT scans, either SOMATOM Sensation 16 (Sie-

mens Medical Solutions, Erlangen, Germany) or Lightspeed
VCT (General Electric Medical Systems, Milwaukee, WI),
chest CT examinations were performed. For the 16-detector
row scanner, the scan parameters were 120 kVand 100 effective
mA with dose modulation. In the standard algorithm, the
reconstruction intervals were 3-/5-mm thickness without a
gap, and 1-mm thickness with 5-mm gaps in the high-frequency
algorithm. The scan parameters were 120 kVand 100 to 400 mA
with dose modulation in the Lightspeed 64 detector row scanner.
In the lung algorithm, the reconstruction intervals were 2.5-/5-
mm thickness without a gap, and 1.25-mm thickness with 5-mm
gaps in the bone algorithm. After the intravenous administration
of 100 mL of iopromide 300 (300 mg I/mL; Ultravist, Bayer
Pharma, Berlin, Germany) at a rate of 2.5 mL/s using a power
injector, CT images were taken with a 50-second delay. All the
images were viewed at the mediastinal (width, 450 HU, and
level, 50 HU) and lung window (width, 1500 HU, and level,
�700 HU) settings of the axial and coronal images on the
picture archiving and communication system (PACS).

PET/CT SCANNING PROTOCOL
The FDG-PET/CT was obtained using a commercially

available machine (Discovery PET/CT 690; GE Health Care,
Mississauga, ON, Canada) (>2.5 times the maximum standar-
dized uptake value [maxSUV]). After fasting for 6 hours,
patients received an intravenous injection of 18F-FDG

Medicine � Volume 94, Number 27, July 2015
(5.2 MBq/kg body weight) followed by PET/CT scanning after
50 minutes. Three-dimensional PET acquisition and attenuation
corrections for CT attenuation maps were carried out. Using the

aphy, LNs¼ lymph nodes, PET¼positron emission tomography,
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lean body mass-based SUV, the maxSUV was calculated. The
mean interval between CT and PET/CT studies was 9.2� 8.6
days. On FDG PET/CT scans, the 3 highest maxSUVs of the
mediastinal and hilar LNs were obtained, and the median value
per patient was calculated.

Evaluation of the CT and FDG-PET/CT Findings

Subjective Assessment
Two chest radiologists who assessed the disease prob-

ability (MYK with a clinical experience of 18 years and SYS
with a clinical experience of 2 years) were blinded to the patient
information and all patients were assigned in random order. The
disease probability was classified into 5 categories: probable
sarcoidosis, possible sarcoidosis, indeterminate, possible metas-
tasis, and probable metastasis. The probability was evaluated
subjectively based on the bilaterality of the LNs, their general
proportion, the hilar LN involvement, and the homogeneity of
the LNs.16 The 2 chest radiologists independently measured the
short diameter and attenuation of the LNs at the right lower
paratracheal (4R), left lower paratracheal (4L), subaortic or
paraaortic (5 or 6), subcarinal (7), right hilar (10R), and left hilar
(10L) levels using PACS.17–20 Two above chest radiologists
also investigated the number of LNs >1 cm, and the pulmonary
infiltrates of sarcoidosis, the so-called ‘‘Stage 2 sarcoidosis,’’
which showed perilymphatic distributed micronodules predo-
minantly in both upper lobes, in consensus.1

Objective Assessment
The total volume and attenuation of all mediastinal and

hilar LNs on the CT images were quantitatively measured using
the Image J (NIH), an open-source free-ware medical imaging
software available at http://imagej.nih.gov/ij/, by multiplying
the diameter of the LNs in all the axial images by the slice
thickness of the CT images (Figure 2). The images stored in
DICOM obtained from the CT were used for measuring

Medicine � Volume 94, Number 27, July 2015
the parameters.
On PET/CT scans, the 3 highest maxSUVs of the med-

iastinal and hilar LNs were recorded, and the median value per

FIGURE 2. A 57-year-old female patient with breast cancer diag-
nosed as sarcoid reaction of mediastinal LNs. The total volume and
attenuation of mediastinal and hilar LNs on CT images were
quantitatively measured using the Image J program by multiply-
ing the diameters of all LNs in all axial images by the slice
thickness. An example of slices on Image J is shown. The measured
total volume of LNs was 16903.5 mm3. CT¼computed tomogra-
phy, LNs¼ lymph nodes.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
patient was calculated. Then, the maxSUVs in the sarcoidosis
versus sarcoid reaction and the sarcoid reaction versus malig-
nant LNs were compared.

Transbronchial LN Aspiration and Core Biopsy
TBNA was performed under endobronchial ultrasound

(EBUS) guidance by 2 experienced bronchoscopists (C-MC
and SWL with 12 and 11 years of experiences in thoracic
oncology and pulmonology, respectively) using a flexible linear
array video bronchoscope with a 7.5 MHZ linear ultrasound
transducer probe (CP-EBUS, model XBF-UC260F; Olympus,
Tokyo, Japan) and an ultrasound image processor (model EU-
C2000; Olympus) on patients consciously sedated with mid-
azolam. To determine the target LNs, CT findings were care-
fully reviewed. With a 22-gauge 4-cm cytology needle (NA-
202C, Olympus), needle aspiration and core biopsies were
performed approximately 4 to 5 times per targeted LN to obtain
adequate specimens. Three or more nodal stations were targeted
using real-time ultrasonic needle guidance for better diagnosis.
In the 14 nondiagnostic cases, rebiopsy was performed in 2
patients, transbronchial lung biopsy in 3, and lobectomy with
LN dissection in 5. Remaining 4 patients who refused to receive
rebiopsy or surgical approach were closely followed up after 1
month, and every third months during 1 year.

Histopathology
Pathologists analyzed the core tissue of the targeted LN,

which were fixed with 10% buffered formalin and hematoxylin-
eosin stain. In all patients, the histologic diagnoses were made
by an expert pathologist (JSJ, a nonauthor, with 23 years of
experience in thoracic pathology). Acid-fast stain and tubercu-
losis polymerase chain reaction for distinction of the chronic
granulomatous inflammation from tuberculosis, and washing
cytology for the differentials of the malignant tumor cells were
performed. Periodic acid-schiff and Gomori-Grocott methena-
mine silver stain were also performed if pathologically needed
to differentiate the diagnosis from other infectious conditions.
Sarcoidosis was diagnosed when there was no evidence
of clinical and pathological metastasis or tuberculosis of LNs
and when noncaseating granulomas were detected in the
specimen.

Statistical Analysis
Statistical analysis was performed by 10 years experienced

statistician (S-SK). For the statistical analysis, a statistical
package (SPSS version 18.0; SPSS Inc, Chicago, IL) was used,
and the results were expressed as means� standard deviations
or medians with ranges. A P value <0.05 was considered
statistically significant. Although the CT findings of the 3
disease entities, sarcoidosis, sarcoid reaction, and malignant
LNs are difficult to distinguish, we assumed there might be
possible clues for differentiation. If the agreement of the disease
probability in chest radiologists is high, that may suggest
possible CT findings are exist to differentiate the diseases.
Therefore, to assess the agreement for the disease probability
in 2 independent chest radiologists, the k value was obtained.
Also, to overcome possible measurement error for the size and
attenuation of the LNs, the interobserver correlation of the
measurement of the size and attenuation of the LNs, the degree
of agreement was determined using a reliability analysis. The

Sarcoidosis, Sarcoid Reaction, and Malignant Lymph Nodes
presence of parenchymal infiltrates was assessed using Pearson
x2 test. The maxSUVs of the LNs were compared using a
Mann–Whitney U test.
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TABLE 1. Clinical Characteristics of the Patients With Sarcoid Reaction and Idiopathic Sarcoidosis

Variable Sarcoid Reaction (n¼ 25) Idiopathic Sarcoidosis
(n¼ 36)

P

Age (median, range) 52.5 (35–71) 50 (27–73) 0.17
�

Sex (n)
Male 6 11 0.57y

Female 19 25
Smoking (non:past:current) (n) 17:7:1 28:5:3
Smoking (non:smoker) (n) 17:8 28:8 0.56y

PFT % (range) >0.05
�

FVC 88.0 (67–105) (n¼ 22) 87.5 (53–112) (n¼ 32)
FEV1 92.5 (64–105) (n¼ 22) 87.5 (62–106) (n¼ 32)
FEV1/FVC 101.0 (82–112) (n¼ 22) 99.0 (81–122) (n¼ 32)
TLC 91.0 (73–99) (n¼ 18) 86.5 (60–106) (n¼ 26)
DLco 84.0 (36–138) (n¼ 19) 83.0 (31–114) (n¼ 28)

Steroid therapy (n) 5 27
Chemotherapy (n) 5 1
Systemic involvement of sarcoidosis (n) 0 3
ACE 47.1 (n¼ 22) 45.1 (n¼ 32) 0.85

�

ACE¼ angiotensin converting enzyme, current¼ current smoker, DLco¼ diffusing capacity for carbon monoxide, FEV1¼ forced expiratory
volume in 1 second, FVC¼ forced vital capacity, n¼ number of patients, non¼ nonsmoker, past¼ past smoker, PFT¼ pulmonary function test,

U
the

Koo et al Medicine � Volume 94, Number 27, July 2015
RESULTS

Patient Characteristics
In this study, clinical and radiologic findings of 91 patients

with malignant LNs, 36 idiopathic sarcoidosis, and 25 sarcoid
reaction were compared (Figure 1). The etiologies of the
malignancy in the study patients are demonstrated in the
Supplementary Table 1, http://links.lww.com/MD/A320.

The clinical characteristics of the sarcoidosis and sarcoid
reaction were not statistically different (Table 1). On the

TLC¼ total lung capacity.�
The age, ACE, and PFT results are compared using Mann-Whitney
y Pearson x2 test is used to compare the sex and smoking history of
contrary, the median age of the patients in sarcoid reaction
was significantly lower than that in the malignant LNs
(P¼ 0.001), and those who had sarcoid reaction were mostly

TABLE 2. Clinical Characteristics of the Patients With Sarcoid Re

Variable Sarcoid Reaction (n¼ 25

Age (median, range) 52.5 (35–71)
Sex (n)

Male
Female 1

Smoking (non:past:current) (n) 17:7:1
Smoking (non:smoker) (n) 17:8
PFT % (range)

FVC 88.0 (67–105) (n¼
FEV1 92.5 (64–105) (n¼
FEV1/FVC 101.0 (82–112) (n¼
TLC 91.0 (73–99) (n¼
DLco 84.0 (36–138) (n¼

current¼ current smoker, DLco¼ diffusing capacity for carbon monoxi
capacity, n¼ number of patients, non¼ nonsmoker, past¼ past smoker, PF�

The age and PFT results are compared using Mann–Whitney U test.
y Pearson x2 test is used to compare the sex and smoking history of the

4 | www.md-journal.com
female (P¼ 0.01). However, smoking history and PFT results
did not significantly differ between the 2 entities (Table 2).

CT and FDG-PET/CT Findings

Idiopathic Sarcoidosis Versus Sarcoid Reaction
Kappa index regarding size of LNs between the 2 radiol-

ogists was 0.68 to 0.94, and the result supported the good
reliability of imaging assessment. However, the agreement of
sarcoidosis between the 2 radiologists was poor with k value of

test.
2 groups.
0.366 (P¼ 0.002) (Supplementary Table 2, http://links.lww.-
com/MD/A320). Parenchymal infiltrates of sarcoidosis was
detected in 16 (64%) patients in the sarcoid reaction. In

action and Malignant Lymph Nodes

) Malignant Lymph Node (n¼ 91) P

61.3 (21–83) 0.001
�

6 48 0.01y

9 43
51:29:11

51:40 0.36y

>0.05
�

22) 84.5 (35–117) (n¼ 48)
22) 83.5 (39–117) (n¼ 48)
22) 101.0 (70–115) (n¼ 48)
18) 94.0 (51–110) (n¼ 11)
19) 80.0 (40–144) (n¼ 37)

de, FEV1¼ forced expiratory volume in 1 second, FVC¼ forced vital
T¼ pulmonary function test, TLC¼ total lung capacity.

2 groups.
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TABLE 3. Comparison of the Radiologic Findings of the Sarcoid Reaction and Idiopathic Sarcoidosis

Variable Sarcoid Reaction (n¼ 25) Idiopathic Sarcoidosis (n¼ 36) P

Parenchyma infiltrates 0.35y

Absence 9 9
Presence 16 27

Total number of lymph nodes �1 cm per patient (median) 3.28 4.06 0.11
�

Number of lymph nodes �1 cm (median)
Right 1.32 1.69 0.072

�

Left 1.24 1.53 0.26
�

Bilateral enlarged lymph nodes (number of patients) 16 (64%) 27 (75%) 0.18y

Mean attenuation of total lymph nodes (HU) 68.3 68.7 0.67
�

Total volume of lymph nodes (mm3) 8733.5 12993.3 0.07
�

PET/CT (maxSUV, median) 7.5 (n¼ 17) 8.2 (n¼ 20) 0.18
�

Lymph Nodes
Sarcoid Reaction,
Median (Range)

Idiopathic Sarcoidosis,
Median (Range) P

�

4R Size (mm) 12.9 (0.0–19.5) 14.3 (5.5–26.6) 0.13
Attenuation (HU) 83.5 (42.3–138.9) 84.9 (37.6–140.0) 0.50

10R Size (mm) 13.3 (0.0–23.3) 15.0 (0.0–30.1) 0.15
Attenuation (HU) 70.6 (39.8–107.6) 71.4 (37.5–123.9) 0.88

7 Size (mm) 11.8 (0.0–25.5) 13.4 (5.3–26.8) 0.18
Attenuation (HU) 77.2 (2.5–118.0) 74.9 (54.2–137.5) 0.77

4L Size (mm) 7.9 (0.0–13.6) 8.9 (0.0–13.6) 0.36
Attenuation (HU) 68.9 (12.5–108.7) 75.9 (8.3–116.3) 0.12

10L Size (mm) 11.4 (0.0–17.9) 11.7 (0.0–23.7) 0.16
Attenuation (HU) 73.8 (43.2–106.6) 72.5 (26.2–157.0) 0.81

5 or 6 Size (mm) 8.4 (0.0–17.6) 9.5 (0.0–18.0) 0.30
Attenuation (HU) 70.4 (7.1–102.3) 72.6 (5.7–137.8) 0.28

HU¼Hounsfield unit, maxSUV¼maximum standardized uptake value, 4R¼ right lower paratracheal, 10R¼ right hilar, 7¼ subcarinal, 4L¼ left
lower paratracheal, 10L¼ left hilar, 5 or 6¼ subaortic or paraaortic lymph nodes.�

The number of lymph nodes >1 cm, mean attenuation of total lymph nodes, total volume of lymph nodes, the median maxSUV of lymph nodes,
and the size and attenuation of each lymph node are compared using Mann–Whitney U test.

nod
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univariate and multivariate analyses, there were no variables
which showed statistical difference (Tables 3 and 4). The
median maxSUV of LNs in sarcoidosis was 8.2 (range, 2.2–

yThe presence of parenchymal infiltrations and bilaterality of lymph
16.5), and the median maxSUV of LNs in sarcoid reaction was
7.5 (range, 2.5–23.3). PET/CT results were not statistically
different between the 2 groups.

TABLE 4. Multivariate Analysis of the Clinical Factors in the
Idiopathic Sarcoidosis and Sarcoid Reaction

Variable Multivariate Analysis

OR CI P

Age 1.04 (0.98–1.09) 0.22
Sex 0.90 (0.20–4.01) 0.89
Mean attenuation of lymph nodes 1.00 (1.00–1.00) 0.51
Total volume of lymph nodes 0.98 (0.93–1.03) 0.42
No. of enlarged lymph nodes 0.77 (0.42–1.43) 0.41
Unilateral 0.25 (0.02–3.45) 0.30
Bilateral 0.50 (0.02–11.67) 0.66

CI¼ confidence interval, OR¼ odds ratio.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Sarcoid Reaction Versus Malignant LNs
The intraclass correlation coefficient of the probability of

sarcoid reaction or metastasis was moderate (P¼ 0.64). The
measured sizes of the thoracic LNs were highly reliable. The
measured attenuations of the LNs were also very reliable
(P< 0.001), except for left hilar area (10L) (Supplementary
Table 3, http://links.lww.com/MD/A320).

The measured sizes of the LNs showed that the LNs of
sarcoid reaction tended to be larger than the malignant LNs, and
that the LNs at the 4R, 7, 4L, 10L, and 5 or 6 levels were
significantly larger (P< 0.05). However, the attenuations of
LNs did not significantly differ between the 2 entities. There
were significantly more LNs >1 cm per patient in the sarcoid
reaction (P¼ 0.005). Although bilaterality of the thoracic LNs
was observed in 17.6% of the patients with malignant LNs, 64%
of the patients in the sarcoid reaction showed bilateral LNs
(P¼ 0.004). However, the total volume of LNs was signifi-
cantly lower in the sarcoid reaction than in the malignant LNs
(P¼ 0.04). The median maxSUV of malignant LNs was 6.6
(range, 1–23). The median maxSUV of the 3 highest SUVs of
the LNs did not significantly differ between the sarcoid reaction
and malignant LNs (P¼ 0.38) (Table 5 and Figure 3). In the

es were assessed using Pearson x2 test.
multivariate analysis, the age (P¼ 0.007), total volume of the
LNs (P¼ 0.03), and the number of LNs (P¼ 0.04) significantly
differed (Table 6 and Figure 4).
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TABLE 5. Comparison of the Radiologic Findings of the Sarcoid Reaction and Malignant Lymph Nodes

Variable
Sarcoid Reaction

(n¼ 25)
Malignant Lymph

Node (n¼ 91) P

Total number of lymph nodes �1 cm per patient (median) 3.28 2.04 0.005
�

Number of lymph nodes �1 cm (median)
Right 1.32 0.96 0.06

�

Left 1.24 0.70 0.01
�

Bilateral enlarged lymph nodes (number of patients) 16 (64%) 26 (17.6%) 0.004y

Mean attenuation of total lymph nodes (HU) 68.4 58.7 0.03
�

Total volume of lymph nodes (mm3) 8733.5 19037.9 0.04
�

PET/CT (maxSUV, median) 7.5 (n¼ 17) 6.6 (n¼ 90) 0.38
�

Lymph Nodes
Sarcoid Reaction,
Median (Range)

Malignant Lymph
Nodes, Median (Range) P

�

4R Size (mm) 12.9 (0.0–19.5) 8.9 (0.0–56.0) 0.06
Attenuation (HU) 83.5 (42.3–138.9) 76.0 (10.2–156.8) 0.13

10R Size (mm) 13.3 (0.0–23.3) 10.3 (0.0–38.8) 0.20
Attenuation (HU) 70.6 (39.8–107.6) 67.0 (25.4–157.9) 0.41

7 Size (mm) 11.8 (0.0–25.5) 7.6 (0.0–73.7) 0.03
Attenuation (HU) 77.2 (2.5–118.0) 73.0 (30.4–147.9) 0.94

4L Size (mm) 7.9 (0.0–13.6) 5.0 (0.0–37.5) 0.03
Attenuation (HU) 68.9 (12.5–108.7) 64.9 (6.3–119.5) 0.71

10L Size (mm) 11.4 (0.0–17.9) 6.6 (0.0–40.0) 0.007
Attenuation (HU) 73.8 (43.2–106.6) 73.9 (30.0–141.0) 0.93

5 or 6 Size (mm) 8.4 (0.0–17.6) 0.0 (0.0–48.2) 0.005
Attenuation (HU) 70.4 (7.1–102.3) 74.7 (10.7–135.2) 0.41

HU¼Hounsfield unit, maxSUV¼maximum standardized uptake value, 4R¼ right lower paratracheal, 10R¼ right hilar, 7¼ subcarinal, 4L¼ left
lower paratracheal, 10L¼ left hilar, 5 or 6¼ subaortic or paraaortic lymph nodes.�

The number of lymph nodes >1 cm, mean attenuation of total lymph nodes, total volume of lymph nodes, the median maxSUV of lymph nodes,
an
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DISCUSSION
In this study, we compared the radiologic findings of the

sarcoidosis, sarcoid reaction, and malignant LNs. Idiopathic
sarcoidosis and sarcoid reaction were undistinguishable. How-
ever, in comparison to malignant LNs, sarcoid reaction had
more LNs >1 cm and tended to be bilateral, and their total
volume was smaller.

Sarcoid reaction is considered as a diagnosis of exclusion
by the detection of noncaseating granulomas in a patient with a
history of malignancy, and who has not fulfilled the criteria for
idiopathic sarcoidosis.21 However, because of the various
temporal relationships of the appearance of sarcoid reaction
with the time of diagnosis of a primary tumor, the diagnosis for
each case seems complex.21 There has been a question if
sarcoid reaction and idiopathic sarcoidosis are really 2 differ-
ent diseases, or in 1 spectrum with 2 different clinical history.16

Similar pathologic findings of sarcoidosis and sarcoid reaction
support this theory that these 2 might be in the same disease
entity. From our study, the CT findings of sarcoidosis and
sarcoid reaction were similar, and those were hardly dis-
tinguishable from each other just by CT imaging itself. On
FDG-PET/CT, the mediastinal and hilar lymphadenopathy
may show hypermetabolic activity in both sarcoidosis and
sarcoid reaction, making it difficult to differentiate, even

and the size and attenuation of each lymph node are compared using M
yBilaterality of lymph nodes is assessed using Pearson x2 test.
though PET/CT may predict disease activity indirectly.22,23

The FDG-PET/CT finding was not helpful, and previous
studies also showed that hyper-metabolic uptake can be
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observed in benign lesions such as a sarcoid reaction, mimick-
ing malignant lesions.7,8,22–24

In comparison to the malignant LNs, sarcoid reaction was
observed more commonly in young females. The concordance
of the probability of sarcoidosis was moderate, and this suggests
there might be clues for differentiation. Sarcoid reaction tends
to be distributed bilaterally rather than malignant LNs.
Although the total volume of LNs was lower, there were more
LNs >1 cm in a sarcoid reaction than in malignant LNs. As for
the attenuation of the LNs, although there was borderline
significance, sarcoid reaction showed narrower attenuation
spectra and higher attenuation values, and was more hom-
ogenous than the malignant LNs regardless of the location of
the LNs. In 64% of the patients in the sarcoid reaction par-
enchymal infiltrates of sarcoidosis was detected, one of the
typical features of idiopathic sarcoidosis. From our experience,
this might be an ancillary CT finding that suggests a sarcoid
reaction rather than malignant LNs. The FDG-PET/CT finding
was not helpful, and previous studies also showed that hyper-
metabolic uptake can be observed in benign lesions such as a
sarcoid reaction, mimicking malignant lesions.7,8,22–24 In our
study, the LNs in sarcoidosis and sarcoid reaction showed
diverse metabolic uptake up to 23.3, and the maxSUV of
LNs on PET/CT could not provide evidence to differentiate

n–Whitney U test.
those from metastatic LNs. A histological diagnosis can be
acquired through TBNA, which is safe, minimally invasive, and
reportedly 75% to 90% sensitive, and up to 100% specific.25–30
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case of clinical or radiological features that indicated other
possible differentials. Third, in this study, the types of malig-
nancy and the stage of the disease that caused equivocal

FIGURE 3. A 44-year-old female with hepatocellular carcinoma (HCC) and papillary thyroid cancer. (A) Chest CT coronal image shows
bilateral enlarged LNs (arrows) in the mediastinum and hilar areas. (B, C) FDG-PET/CT scan shows multiple hypermetabolic activity in the
mediastinal and hilar LNs (arrows) and large masses (arrowheads) in the hepatic segment IV and upper abdomen. Initially, the patients
suspected as HCC with multiple LNs metastasis in the thorax and upper abdomen. The maxSUV of thoracic LNs measured up to 6.8, 9.0,
and 13.9. (D) The pathologic findings of the LNs obtained from transbronchial LN biopsy are revealed chronic noncaseating

gni
aph

TABLE 6. Multivariate Analysis of the Clinical Factors in the
Sarcoid Reaction and Malignant Lymph Nodes

Variable

Multivariate Analysis

OR CI P

Age 0.93 (0.88–0.98) 0.007
Sex 0.89 (0.24–3.26) 0.86
Mean attenuation of lymph nodes 1.04 (1.00–1.08) 0.06
Total volume of lymph nodes 0.99 (0.99–0.99) 0.03
No. of enlarged lymph nodes 2.05 (1.05–4.01) 0.04
Unilateral 0.26 (0.04–1.58) 0.14
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In our hospital, this procedure has been carried out routinely
since 2008, without critical complications. However, we must
remember that the diagnosis of a sarcoidosis or sarcoid reaction
via TBNA does not definitively rule out the possibility of
coexisting malignancy. Especially when there is an accompa-
nying persistent or progressive disease, or suspicious findings
such as asymmetric thoracic lymphadenopathy, coexisting
extrathoracic lymphadenopathy, or a newly developed lung
nodule, pathological reevaluation should be strongly recom-
mended.

This study had several limitations. First, there might be a
selection bias in this retrospective study. The criterion of
inclusion of only equivocal LNs suggestive of malignant lym-
phadenopathy could be a bias. However, we have performed
TBNA for all patients with mediastinal and hilar lymphadeno-
pathy consecutively within the certain period. Second, nonca-
seating granulomas could be seen not only in a sarcoid reaction,
but also in other conditions such as tuberculosis, or even in

granulomatous inflammation (hematoxylin-eosin stain, original ma
FDG-PET/CT¼18F-fluorodeoxyglucose-positron emission tomogr
malignant LNs, and there is a possibility of coexisting malig-
nant cells in the LNs.31 To minimize the possibility of mis-
diagnosis, we followed up the patients using CT and found no

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
fication� 100). CT¼computed tomography, LNs¼ lymph nodes,
y/CT, maxSUV¼maximum standardized uptake value.
Bilateral 0.69 (0.04–10.89) 0.79

CI¼ confidence interval, OR¼ odds ratio.
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FIGURE 4. Box plots to show the distributions of the sizes of each nodal station, the number of LNs>1 cm, total volume, and attenuation
of LNs in the sarcoid reaction and malignant LNs. (A–D) The LNs of sarcoid reaction tend to be larger with narrow spectrum than the
malignant LNs (right lower paratracheal, 4R; subcarinal, 7; right hilar, 10R; left hilar, 10L). (E) There are more LNs >1 cm per patient in
sarcoid reaction compared with the malignant LNs. (F) The total volume of LN is lower in sarcoid reaction than in malignant LNs. (G) The
attenuation of all LNs is not significantly different between the 2 groups. LNs¼ lymph nodes.

Koo et al Medicine � Volume 94, Number 27, July 2015
mediastinal or hilar LNs varied. In addition, the diagnosis of
sarcoid reaction is not permanent considering the potential

progression of certain malignancy can occur. However, this
study aimed to find the reliable radiologic findings useful to
differentiate the mediastinal and hilar LNs.

8 | www.md-journal.com
The suggestions by radiologists of the possibility of sar-
coidosis, sarcoid reaction, or malignant LNs depending on

imaging findings, together with pathological confirmation,
may greatly help decide the appropriate management approach.
Eventually, it is expected to give patients a chance for curative

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



resection or definitive therapy for their underlying malignancy
or help prevent needless systemic chemotherapy.

CONCLUSIONS
CT and PET/CT evaluations of the mediastinal and hilar

LNs between sarcoidosis and sarcoid reaction show no differ-
ence. In comparison to the malignant LNs, sarcoid reaction
occurs more in young females. The LNs in a sarcoid reaction are
larger and more bilateral than malignant LNs on CT. The
median maxSUV of the 3 highest SUVs of the mediastinal
and hilar LNs did not significantly differ between the 3 entities.
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