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Abstract: Accurate lymph nodal staging of lung cancer is critical for determining the treatment options. With the
help of 8F-fluorodeoxyglucose positron emission tomography/computer tomography (*¥F-FDG-PET/CT), the clinician
can rule out/in the regional lymph nodes positive for metastasis in the patients with lung cancer in a majority of
cases. However, a small proportion of cases with false positivity of metastasis have been reported. Transbronchial
needle aspirations and mediastinoscopic biopsies are still necessary to determine whether enlarged hypermeta-
bolic mediastinal lymph nodes are positive for lung cancer metastasis. Here we report three intricate cases showing
hypermetabolic activity in the mediastinal lymph nodes in the patients with pathologically diagnosed lung cancer
on PET/CT. The first patient had squamous cell carcinoma in the left upper lobe of the lung with surrounding nec-
rotizing granulomas and concurrent with silicosis and granulomatous inflammation in the lymph nodes; the second
presented with symptoms of viral pneumonia, which was pathologically diagnosed as a lung adenocarcinoma, stage
IA, concurrent with sarcoidosis involving the lymph nodes; the last case was diagnosed as squamous cell carcinoma
in the right upper lobe of the lung, but lymph nodes showed reactive hyperplasia. These cases suggest that some
cases are so complex that avid *¥F-FDG uptake in the mediastinal lymph nodes in the patients with pathologically

diagnosed lung cancer should be carefully analyzed based on individual patients’ clinical background.
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Introduction

Lung cancer is the leading cause of cancer
death around the world [1]. Patients with non-
small cell lung cancer (NSCLC), which accounts
for 85-90% of all lung cancer cases, often pres-
ent with advanced disease at initial diagnosis.
For 2001-2007, the overall 5-year survival of
this aggressive disease was only 16% in the
United States [2]. For clinicians, accurate lymph
nodal staging of lung cancer is a keystone for
determining the treatment options. Even with
the help of new technology such as &F-flu-
orodeoxyglucose positron emission tomogra-
phy/computer tomography (PET/CT), and trans-
bronchial needle aspiration (TBNA) and medi-
astinoscopic biopsies, it still remains difficult
for clinicians to make clear whether the en-
larged mediastinal lymph nodes are involved by

lung cancer metastasis, especially being con-
current with other diseases such as sarcoid-
osis, sillicosis and pulmonary tuberculosis.
Here we describe three intricate cases from the
First Affiliated Hospital of Soochow University,
which all showed hypermetabolic activity in the
mediastinal lymph nodes on PET/CT. The first
presented with a clinically unresectable mass
and the bronchial biopsy showed a squamous
cell carcinoma. After the chemotherapy, the
lobectomy was performed with lymph node
staging and the final diagnosis was stage IA
squamous cell carcinoma of the lung, surround-
ed by necrotizing granulomas and sillicosis and
the lymph nodes were granulomatous inflam-
mation and they were negative for metastasis.
The second presented with symptoms of viral
pneumonia, which was pathologically diag-
nosed as a lung adenocarcinoma, stage IA, con-
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Figure 1. Imaging studies and pathologic findings in case 1. Chest-CT (A and C, lung window; B and D, mediastinal
window) shows small nodules (A, C), two masses with calcifications, one (21.6 x 33.0 mm) in the right upper lobe
(A, B) and the other (60.8 x 48.2 mm) in the left upper lobe (C, D) and enlarged mediastinal lymph nodes with
calcifications (D). PET-CT shows accumulation of FDG in both masses (SUV__: left mass 9.7; right mass 6.7) (E,
F) and enlarged mediastinal lymph nodes (SUV__: 4.6) (G). Histological section from the left upper lobe bronchus
shows squamous cell carcinoma with focal invasion into the submucosa (original magnification 100 x) (H). Section
obtained from the lesion surrounding the bronchus in the left upper lobe shows necrotizing granulomas (original
maghnification 100 x) (I). Section from the lesion surrounding the left upper lobe bronchus shows conglomerate
silicosis (original magnification x 100) (J). Section of the mediastinal lymph node at the left 10 station shows granu-
lomatous inflammation (original magnification, 100 x) (K).

of six FDG-avid mediastinal lymph nodes
showed evidence of metastasis. These cases

current with sarcoidosis. The last case received
video-assisted thoracic surgery (VATS) biopsy.

Only the sample from the mass in the right
upper lobe of the lung near hilum was con-
firmed as squamous cell carcinoma, but none
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suggest that some cases are complex and
require careful differential diagnosis to develop
the best-individualized treatment plan.
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Figure 2. Imaging studies and pathologic findings in case 2. Chest-CT shows 25.0 x 19.2 mm ground glass opacity
in the left upper lobe (A, lung window) and multiple enlarged mediastinal lymph nodes (B, mediastinal window).
PET-CT shows high metabolic activity in the left upper lobe lesion (C, SUV__: 2.5) and mediastinal lymph nodes (D,
SuUV, . 3.9). Histological sections reveal moderately differentiated acinar adenocarcinoma in left upper lobe of the
lung (E, original magnification 200 x) and non-necrotizing granulomas in mediastinal nodes (F, original magnification,

200 x).

Case 1

A 69-year-old male patient was admitted to the
hospital in January, 2009, complaining of
cough with intermittent bloody sputum for 2
months. He had a 20-pack-year smoking histo-
ry, but quit 30 years ago. Nearly fifty years ago,
he was diagnosed with silicosis at a local occu-
pational hospital based on chest x-ray and
three years history of being a mountain tunnel
miner. He also suffered from pulmonary tuber-
culosis many years ago. In the recent ten years,
he occasionally had seizures. The patient de-
nied any purulent sputum, weight loss or fever.
Physical examination on admission did not
reveal any abnormal findings such as clubbed
fingers, moist rales or palpable supraclavicular
lymph nodes. His blood pressure was 126/78
mmHg, temperature 36.4°C, heart rate 82
beats/min and respiratory rate 18 breaths/
min. Laboratory results showed hemoglobin
142 g/L and white blood cell count 8.69x10°%/L,
with a differential of 62% neutrophils. Protein
derivative of tuberculin was negative. Serum
ferritin level was elevated to 628.2 g/L (normal,
30-400 g/L). Carbohydrate antigen 125 (CA-
125) was mildly elevated to 38.9 KIU/L (nor-
mal, 0.00-35.00 KIU/L) and the other serum
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level of tumor mark including CEA, CYFRA21-1,
NSE and CA72-4 were normal. Pulmonary func-
tion tests revealed a forced expiratory volume
in one second (FEV1) was 1.49 L and maximal
ventilatory volume (MVV) was 56.7% of predict-
ed values. Breath-holding test was 29.4 sec-
onds. The parameters of arterial blood gas in
room air were pH 7.44, PCO, 39 mmHg, and
PO, 85 mmHg. Chest-CT performed on admis-
sion showed two masses, one (21.6 x 33.0
mm) in the right upper lobe (Figure 1A, 1B) and
the other (60.8 x 48.2 mm) in the left upper
lobe (Figure 1C, 1D), and multiple enlarged
mediastinal lymph nodes (Figure 1D). Moreover,
the size of the left mass was increased but the
size of the right mass was unchanged, com-
pared with those in the previous CT performed
in the local hospital two years ago. *®F-FDG-
PET/CT performed in our hospital revealed high
metabolic activity in both lung masses with the
maximum of standardized uptake value
(SUV__), left mass 9.7 and right mass 6.7
(Figure 1E, 1F), and enlarged mediastinal
lymph nodes with SUV__: 4.6 (Figure 1G).
Magnetic resonance imaging (MRI) of the brain
revealed no any abnormalities. Bronchoscopic
examination showed a mass in the left upper
lobe bronchial lumen, and the biopsy was per-
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Figure 3. Imaging studies and pathologic findings in case 3. Chest-CT shows a mass in the right upper lobe of the
lung near the hilum (A, lung window; B, mediastinal window), mutiple enlarged mediastinal lymph nodes (B and C,
mediastinal window) and pericardial effusion (D, mediastinal window). PET-CT shows accumulation of FDG in the
right upper mass (SUV,__:21.7) and mediastinal lymph nodes (SUV__ : 30.0) (E). Histological sections show invasive
moderately differentiated squamous cell carcinoma in the right upper lobe near the hilum (original magnification,
200 x) (F) and reactive hyperplasia in FDG-avid mediastinal lymph nodes (G) (original magnification, 200 x).

formed. The pathological diagnosis is an inva-
sive squamous cell carcinoma. Bronchial brush
specimen in the right upper lobe and TBNA
from the mediastinal lymph nodes showed no
evidence of cancer or tuberculosis. He received
two cycles of oxaliplatin-docetaxel chemothera-
py pretreatment with dexamethasone and the
disease was stable. Then, the patient received
the left upper lobe lobectomy and lymph node
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biopsies from left 5, 6, 7, and 10 stations. To
our surprise, moderately differentiated squa-
mous cell carcinoma (Figure 1H), 1.4 cm in
greatest dimension, was located within the left
upper lobe bronchus with invasion into the sub-
mucosa whereas the lesion surrounding the
left upper lobe bronchus showed areas of nec-
rotizing granulomas (Figure 1l) and conglomer-
ate silicosis (Figure 1J). The biopsied mediasti-
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nal lymph nodes showed granulomatous
inflammation without tumor metastasis (Figure
1K). This patient was finally diagnosed as stage
IA (TLaNOMO) lung squamous cell carcinoma,
being concurrent with silicosis and necrotizing
granulomas. Although the acid-fast bacillus
(AFB) and Grocott’'s methenamine silver (GMS)
stains were negative, the recurrent active
tuberculosis (TB) was considered based on the
clinical history of TB. The patient received sys-
temic anti-tuberculosis treatment, but without
any further chemotherapy or radiation therapy.
The patient was healthy until the recurrence of
the tumor in the left lower lobe of the lung 56
months later.

Case 2

A 51-year-old female patient was admitted to
the hospital in January, 2010 because of
ground glass opacity in the left lung discovered
on a routine chest X-ray. Chest-CT confirmed a
25.0 x 19.2 mm area with patchy opacity in the
left upper lobe (Figure 2A) and multiple
enlarged mediastinal lymph nodes (Figure 2B).
She also had fever, dry cough and mild nasal
discharge during that time. Her temperature
was 37.8°C. But no respiratory rales were de-
tected. Laboratory results showed hemoglobin
145 g/L and white blood cell 4.72 x 10°%/L, with
a differential of 64% neutrophils. Tumor mark-
ers including CEA were normal. At that time,
China experienced outbreaks of respiratory ill-
ness caused by 2009 pandemic influenza A
(HANZ) virus, real-time reverse transcriptase
polymerase-chain-reaction (RT-PCR) was per-
formed on her nasopharyngeal brush speci-
men, and the results indicated that she was
infected by H1N1 virus. She received anti-infec-
tion treatment including moxifloxacin hydro-
chloride and oseltamivir for two weeks. After
treatment, she did not have fever but a 2 week
follow-up chest-CT showed the lesion in the left
upper lobe that was not absorbed at all.
Sarcoidosis, tuberculosis and cancer of the
lung were considered in the differential diagno-
ses. She received further examination. Angi-
otensin-converting enzyme blood levels and
24-hour urine calcium were normal. PET/CT
scan showed high metabolic activity in the left
upper lobe lesion (SUV__: 2.5) (Figure 2C) and
mediastinal lymph nodes (SUV __: 3.9) (Figure
2D). Transbronchial lung biopsy from the left
upper lobe lesion and transbronchial needle
aspirations from mediastinal lymph nodes were
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performed and all the samples were negative
for malignancy. As the pulmonary function tests
were normal, this patient received video-assis-
tant thoracoscopic surgery (VATS) wedge biop-
sy for a definite diagnosis. In addition, medias-
tinoscopic biopsies were done. The frozen sec-
tions showed a lung adenocarcinoma in the left
upper lobe and non-necrotizing granuloma in
lymph nodes at station 5 and 10 of the left
side. The left upper lobe lobectomy was per-
formed following the frozen diagnosis. Posto-
perative histopathological examination showed
a moderately differentiated acinar adenocarci-
noma, moderately differentiated (Figure 2E).
The mediastinal nodes showed non-necrotizing
granulomas, compatible with sarcoidosis (Fig-
ure 2F). Special stains including AFB and GMS
stains were negative for microorganisms. Fi-
nally, she was diagnosed as stage IA (Tla-
NOMO) lung adenocarcinoma, being concurrent
with sarcoidosis and the upper respiratory tract
infection by HAIN1 virus. After the operational
procedure, she received four cycles of cisplat-
in-docetaxel chemotherapy pretreatment with
dexamethasone because the mediastinal ly-
mph nodes were not completely staged. Now
she is healthy and the enlargement of medias-
tinal lymph nodes has decreased.

Case 3

A 53-year-old male patient was admitted in the
hospital in August, 2010, complaining of cough
with a little white mucus sputum. He had a
20-pack-year smoking history, but quit 10 years
ago. In October, 2007, he received cryoablation
for treatment of the left facial skin squamous
cell carcinoma. In September, 2008, he rece-
ived the left neck lymph node dissection be-
cause of squamous cell carcinoma metastasis.
The patient denied fever, hemoptysis or weight
loss. Physical examination on admission sh-
owed surgical scars on the left maxillary and
neck skin, respectively, but no other abnormal
findings such as palpable supraclavicular lymph
node or moist rales in the lung. Tumor markers
and blood biochemistry examination were nor-
mal. Purified protein derivative of tuberculin
test, rheumatoid factor and anti-nuclear anti-
body were negative. Chest-CT scan on August
19, 2010 showed a 23.3 x 21.0 mm mass in
the right upper lobe near the hilum, pericardial
effusion and multiple enlarged mediastinal
lymph nodes (Figure 3A-D). There were no
abnormalities identified in the abdomen by
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ultrasound examination. Two separate bronch-
oscopic examinations revealed mucosal granu-
larity in the right bronchus near the carina, and
narrow entrance of posterior segment of the
right upper lobe bronchus. The samples from
these mucosal lesions showed squamous me-
taplasia; no carcinoma was found in the sam-
ples obtained from subcarinal and right para-
tracheal lymph nodes by TBNA. Biopsies from
the mediastinal lymph nodes were performed.
The enlarged right station 4, lower paratracheal
lymph node was negative for malignancy. The
patient was discharged for recovery. He was
readmitted after a month. PET/CT was per-
formed on October 21, 2010 showed hyper-
metabolic activity in the right upper lobe mass
(SUV__: 21.7) and mediastinal lymph nodes
(SUV__ :30.0) (Figure 3E). VATS biopsy from the
mass in the right upper lobe and mediastino-
scopic biopsies from the lymph nodes at the
right station 4 and 7 were performed. Finally,
he was diagnosed as a moderately differenti-
ated squamous cell carcinoma in the right
upper lobe (Figure 3F) but hypermetabolic
mediastinal lymph nodes were negative for
metastasis and they all showed reactive hyper-
plasia (Figure 3G). Metastatic disease was clin-
ically considered because the patient had peri-
cardial effusion and extremely hypermetabolic
mediastinal lymph nodes. The patient received
four cycles of cisplatin-gemcitabine chemother-
apy and local radiation therapy. He died of mas-
sive airway hemoptysis caused by local pro-
gression nine months after diagnose.

Discussion

Staging of NSCLC is important for determining
the options of treatment and prognosis. PET-CT
has emerged as a more accurate non-invasive
staging modality in detecting mediastinal lymph
node metastases from NSCLC than chest-CT
[3], but some benign pulmonary diseases, such
as granulomatous disease, silicosis, calcifica-
tion and fibrosis could be accompanied by false
18F-FDG avid uptake in benign lymph nodes [4,
5]. These lymph nodes might be mistaken as
being positive for metastasis when such benign
pulmonary diseases and lung cancer are co-
existent in the same patient. Therefore, if there
is positive PET/CT finding in the mediastinal
lymph nodes they should be biopsied for patho-
logic examination, as recommended by the
National Comprehensive Cancer Network (NC-
CN) guidelines. Conventional TBNA or direct
real-time endobronchial ultrasound (EBUS)-
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guided TBNA and mediastinoscopic biopsy ma-
ke it possible for clinicians to confirm the patho-
logic status of mediastinal lymph nodes. Ho-
wever, due to one or several underlying diseas-
es, it still remains challenging for clinicians to
confirm mediastinal lymph node involvement in
the metastasis of lung cancer in intricate cases,
even with the help of these technologies.

Silicosis is a common occupational disease
caused by inhaling tiny bits of crystalline silicon
dioxide or silica [6]. The characteristic radiolog-
ic features in the simple silicosis are multiple
small round opacities and often symmetrically
distributed with upper-zone predominance [7].
Chronic silicosis usually develops after 10 ye-
ars exposure. Enlargement of hilar and medias-
tinal lymph nodes is common, and these lymph
nodes can become calcified, sometimes in an
egg-shell pattern [6, 7]. Several disorders, in-
cluding mycobacterial infection, airway obstruc-
tion and lung cancer are associated with silica
exposure [8-13]. Occasionally, TB and lung can-
cer may be complicated by silicosis in the same
patient. And moreover, some patients with sili-
cosis progress to massive fibrosis which could
mimic complications of TB or lung cancer, as
the size of the lesion increases over time. In our
patient (case 1), the mass in the left upper lobe
was increased in size, and was considered
active TB in the resected lung specimen TB
occurred before neoadjuvant chemotherapy, so
it was not likely complicated by chemotherapy.
This patient also showed the enlargement of
hilar and mediastinal lymph nodes and the
mass in the right upper lobe with FDG-avidity,
but the sizes didn’t increase over time. These
findings supported that the enlargement of
lymph nodes and the mass in the right upper
lobe were caused by silicosis or TB, not metas-
tasis of lung cancer. The cytological samples
from the right upper lobe and mediastinal ly-
mph nodes showed no evidence of cancer. All
these evidences make the decision of surgical
resection the tumor. This case suggests that
every silicosis patient with suspected lung can-
cer should be excluded for the coexistence of
tuberculosis, and status of the enlarged medi-
astinal lymph node should be evaluated.

Sarcoidosis is a multisystem disorder charac-
terized by non-necrotizing granulomas and pul-
monary and mediastinal involvement is ex-
tremely common. Pulmonary sarcoidosis may
manifest variably from mediastinal and bilater-
al hilar lymphadenopathy to parenchymal opac-
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ities or fibrosis on chest imaging at difference
stages [14]. Some subtypes of lung adenocarci-
noma, such as adenocarcinoma in situ, also
can manifest as solitary or multifocal nonsolid
or bubble-like opacities on chest-CT [15, 16],
which could be mistaken as sarcoidosis if there
is co-existence of these two diseases in the
same patient. Sarcoid reactions in the regional
lymph nodes also have been reported in lung
cancer [17], but sarcoid reactions in lymph
node couldn’t stop cancer metastasis [17, 18].
The lymph nodes involved by sarcoidosis can
be hypermetabolic and some authors even
reported that osteolytic or osteosclerotic le-
sions in vertebrae and femurs caused by sar-
coidosis showed increased FDG uptake on
fused PET/CT [19, 20]. These mixed clinical
manifestations make clinicians difficultly inter-
pret the status of enlarged and hypermetabolic
mediastinal lymph nodes. Our patient (case 2)
first presented as viral pneumonia, but this
didn’t explain the multiple enlarged hilar and
mediastinal lymph nodes. After two weeks’
treatment with oseltamivir, she recovered from
fever and cough, but the patchy opacity in the
left upper lobe remained unchanged. The find-
ings raised the suspicion of sarcoidosis, lung
cancer or lymphoma. As the diagnosis could
not be confirmed by bronchoscopy, the patient
received VATS wedge biopsy. Fortunately, there
was no evidence of tumor metastasis in lymph
nodes, and the patient received diagnostic we-
dge resection and lymph node staging. This
case suggests that if a new patchy opacity or
ground glass opacity appears in the lung of a
sarcoidosis patient, especially a focal lesion;
we cannot assume that it has progressed into
sarcoidosis stage 2. It also could represent
early stage lung cancer.

The third patient (case 3), was even more diffi-
cult to diagnose. The primary clinical diagnosis
of this patient was facial skin squamous cell
carcinoma metastasis to mediastinal lymph
nodes. He had a history of facial skin squa-
mous cell carcinoma and multiple enlarged
mediastinal lymph nodes. To our surprise, only
the sample from the mass in right upper lobe
was confirmed as squamous cell carcinoma. All
the samples obtained from mediastinal lymph
nodes revealed reactive hyperplasia, although
they all showed high ‘8F-FDG uptake on PET-CT
images. These findings were considered false
negative [21] because avid *®F-FDG uptake
with SUV 30 is extremely unusual in the reac-
tive lymph nodes.
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In conclusion, we present three intricate NSCLC
cases which all showed hypermetabolic lymph-
adenopathy with false-positive or false-nega-
tive FDG-PET findings. These findings indicated
FDG-PET findings should be carefully evaluated
and this process will help us obtain an accurate
lung cancer staging and choose an optimal
treatment for the patients.
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