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Background: Accurate staging of newly diagnosed or recurrent malignancy is essential for effective
treatment. An important first step in staging involves the use of PET/CT to identify areas of FDG avidity.
PET/CT however has limitations, including false positive FDG uptake from benign causes. In this paper
we characterize an uncommon yet clinically important cause of false positive PET/CTS, that of benign
anthracotic lymphadenitis (BAL). We examine the clinical, radiographic and histologic characteristics of BAL
in patients referred for endobronchial ultrasound (EBUS) guided biopsies and discuss its context in relation
to existing literature.

Methods: We performed a retrospective observational case series of 20 patients who were referred for
EBUS guided biopsies of PET positive mediastinal and hilar lymph nodes during the work-up or treatment
of suspected malignancy.

Results: To be included, all patients received PET imaging as well as an EBUS guided biopsy of FDG avid
lymph nodes which demonstrated anthracotic pigment as the only histologic abnormality. The key findings
were that 90% of patients in this cohort were born outside of the US, 90% had bilateral FDG avid lymph
nodes with an average standardized uptake value (SUV) of 7.9+2.2. Most patients, based on their history, had
a likely exposure to biomass fuel or urban pollution.

Conclusions: BAL may be an underrecognized cause for PET positive lymph nodes in patients
undergoing work-up for malignancy. These findings support the importance of sampling mediastinal and
hilar lymph nodes even when SUVs are highly suggestive of malignancy.
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Introduction

PET scans and more recently combined PET/CTs have
become an essential step in the staging of suspected or
biopsy proven malignancies. PET imaging is now the
guideline recommended initial imaging study to assess for
metastatic disease in biopsy proven lung, esophageal and
head and neck cancers (1-3). In addition, it is an essential
tool for staging in lymphoma (4). In the evaluation of nodal
metastases or distant metastatic disease in lung cancer,
PET/CT is more sensitive than CT alone and meta-analysis
suggest a pooled sensitivity of 62%, with a pooled specificity
of 90% (1). The increasing use of PET/CT imaging has
coincided with the development and widespread use of
endobronchial ultrasound (EBUS) as a tool to histologically
sample the hilar and mediastinal lymph nodes in order
to invasively stage patients with newly diagnosed lung
cancer and malignancies that metastasize to the thorax (5).
This co-evolution has provided an ideal opportunity to
characterize causes of “false positive” PET/CTs. “False
positive” PET/CT’ are noted in a number of metabolically
active benign diseases that manifest increased FDG uptake.
These alternative conditions include infections such as
mycobacterial and fungal infections, as well as inflammatory
conditions, such as sarcoidosis (6). A poorly characterized
and less commonly appreciated cause of positive PET/CTs
is benign anthracotic lymphadenitis (BAL) (7-9).

In this case series, we describe the demographic, imaging
and histologic findings in a series of patients with BAL. As
geographical borders in medical care dissolve, attention
to causes false positive PET/CT imaging will need to be
reevaluated in order to effectively prevent non-invasive
over-staging of lung and other cancers.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-142).

Methods
Patient selection

All patients were referred to the interventional pulmonary
clinic at the UCSF medical center for evaluation of PET
avid mediastinal and/or hilar lymphadenopathy. In order
to be included in this retrospective observational case
series, all patients had a "F-FDG PET or “F-FDG PET/
CT prior to undergoing EBUS guided tissue sampling. All
patients with a final pathological diagnosis of anthracotic
pigment between December 15, 2016 and July 25, 2018
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were included. All patients had a mediastinal or hilar lymph
node with a PET standardized uptake value (SUV) >2.5.
Demographic data, including age, gender, country of origin,
past oncologic history and smoking history were recorded
for each patient. Six patients had surgical resection of
lymph nodes that were biopsied with EBUS as part of their

surgical management for lung cancer.

Imaging characteristics

Data on “F-FDG PET/CT or “"F-FDG PET were
obtained from review of imaging and radiology reports.
Lymph nodes stations were defined according to the
International Association for the Study of Lung Cancer
(IASLC) lymph node map (10). SUV of individual lymph
nodes were obtained from the radiology report. The
lymph node with the highest SUV was reported and only
lymph nodes with SUV greater than 2.5 were considered
positive (11).

Selection of lymph node for biopsy and number of lymph
nodes biopsied was determined by review of the "F-FDG
PET/CT or "F-FDG PET and the clinical context and
was at the discretion of the attending pulmonologist. For
staging procedures, the highest nodal station was biopsied
first.

Specimen collection

All patients underwent an EBUS guided bronchoscopic
biopsy (BF-UC190F, Olympus, Tokyo, Japan) under
general anesthesia with either a laryngeal mask airway
or endotracheal tube at the University of California,
San Francisco, Medical Center. An Olympus EBUS
bronchoscope (BF-UC190FE, Olympus, Tokyo, Japan) with
a 21 or 22 g needle was used for all biopsies (ViziShot
EBUS TBNA Needle, Olympus, Tokyo, Japan). Onsite
cytology was present for all biopsies to confirm adequacy of
the specimens. Lymph node specimens were considered as
positive for benign anthracotic inflammation if one or more
lymph nodes in the mediastinum or hilum had an SUV >2.5
and the biopsy specimen showed anthracotic pigment (black
pigment) inside histiocytes and macrophages, as interpreted
by the attending pathologist (Figure I).

IRB approval

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
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Figure 1 Papanicolaou stained smears of the station 11R lymph node fine needle aspiration showed numerous pigment filled macrophages

in a background of mature lymphocytes, fibrosis and granulation tissue. There was no evidence of metastatic carcinoma or of lymphoma. (A,B)

Cytology 20x magnification.

was approved by institutional ethics committee of
University of California San Francisco Office of Ethics and
Compliance (IRB #17-23634) and individual consent for
this retrospective study was waived.

Statistical analysis

Data was collected prospectively using REDCAP. All data
analysis was performed using STATA. Lymph node size
and SUV measurement were obtained from the index
PET/CT scan. Lymph node size was measured by the
authors in short axis diameter and SUV was taken from
the radiologists quantitation. Data are displayed as mean =
standard deviation. As this was a retrospective observational
study, there was no pre-determined study size considered.
No patients were lost to follow up.

Results

Demographic characteristics of enrolled subjects are
summarized in Table 1 and are notable for advanced age
(73£10.1 years), male predominance (70%), heavy smoking
exposure (50%) and birth outside of the United States
(90%). Patients came from countries on multiple continents,
including Asia/Asia subcontinent, North and Central
America and Middle Eastern/Near Eastern countries
(1able 1). Exposure history was varied and included dust
exposure from outdoor occupations in construction and
landscaping. Other patients were exposed to indoor cooking
using biomass fuels in poorly ventilated homes (12).
Information on potential source of exposure was obtained
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from review of the medical record.

In patients with known malignancy, non-small cell lung
cancer (NSCLC) was the most heavily represented lung
cancer, followed by gastrointestinal, head and neck, breast
and genitourinary cancers. Two patients had non-epithelial
derived malignancies (one with MALT lymphoma and one
with Myxoid Liposarcoma). Three patients did not have an
underlying malignancy.

Imaging findings in biopsy proven BAL are described
in Tuble 2. The most notable finding is that the average
SUV of lymph nodes with biopsy proven BAL was 7.9£2.2.
Despite the high FDG avidity, these lymph nodes were only
mildly enlarged (short axis diameter of 1.2+0.3 cm). Most
patients (95%) had multiple PET avid LNs (3.8+1.3) and
the vast majority of patients (90%) had bilateral FDG avid
lymph nodes.

In order to illustrate the clinical impact of non-invasive
staging with PET or PET/CT, we compared radiologic
stage with cytologic and histologic stage in the subset
of patients with newly diagnosed NSCLC (1able 3). Six
patients in our case series had a new diagnosis of NSCLC
diagnosed by biopsy of a peripheral lung nodule. All
patients received noninvasive staging with FDG PET/CT
prior to invasive staging with EBUS-TBNA. For all 6 new
diagnoses, radiologic staging suggested locally advanced
non-surgical disease (Stage I1IB) based on increased uptake
in contralateral mediastinal and/or hilar LNs (representative
imaging in Figure 2). EBUS-TBNA identified BAL as an
alternative explanation for the FDG avidity of all of these
LNs (Table 3, Figure 1). In four of six patients, surgical
resection of the primary lung cancer was performed
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Table 1 Patient demographics

Demographics (n=20) Data
Average age 73+10
Gender

Female 6/20 (30%)
Country of Origin

Afghanistan 1
China 6
Korea 1
Mexico 3
Pakistan 2
Russia 1
Pakistan 2
Columbia 1
Iran 1
Vietnam 1
Peru 1
USA 2
Ever smoker 50%
Pack years 32+19
Known malignancy 17/20

Table 2 Characteristics of lymph nodes

Imaging characteristics Data
Average maximum SUV of lymph node 7.9+2.2
Average maximum short axis of lymph node (cm) 1.2+0.3
Average number of lymph nodes >2 SUV 3.8+1.3
Bilateral PET Avid lymph nodes 90%

SUV, standard uptake value.

with resection of lymph nodes. In all four cases surgical
pathology confirmed the findings of EBUS TBNA cytology
(Figure 3). As such, EBUS TBNA demonstrated a stage shift
from a high clinical stage (based upon PET/CT) to a lower
pathological stage (based on histology).

Discussion

In this case series we further characterize the demographic
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Table 3 Radiological:Histological stage shift after EBUS-TBNA
(n=6)

Radiological Histological stage (P)  LNs surgically resected
stage (C)

B IA Yes

B A No

B B No

B IA2 Yes

nB IA3 Yes

B 1B Yes

EBUS-TBNA, endobronchial ultrasound with transbronchial
needle aspiration.

and radiographic features of BAL, an important cause of
PET avidity in mediastinal and hilar lymph nodes. The
striking finding in this series is the significantly elevated
FDG uptake in lymph nodes with biopsy proven BAL. Our
findings support the findings by several other groups who
found the accumulation of anthracotic pigment within LNs
can lead to highly FDG avid LNs on PET imaging. We
observed a higher SUV max (7.9+2.2) in our case series
than in prior series. For example, Park er a/. (8) described
an average SUV max 5.8, Yilmaz et al. of 4.76 (13) and
Korkmaz ez al. (7) of 6.31. One notable feature is the range
of values reported in these three series, from an SUV
max of 1.2 to 31.9 (7,8,13). Other demographic findings,
including mean age, duration of tobacco exposure and male
predominance in our study are similar to prior studies.
Multiple studies (1,14-16) have sought to characterize the
sensitivity and specificity of PET during the evaluation of
mediastinal and hilar lymphadenopathy. Although no study
has identified an SUV cut off that consistently discriminates
a true positive (malignancy) from a false positive (non-
malignant disease), an SUV above 2.5 is generally thought
to be highly suggestive of malignancy. In addition to SUV,
the size of PET avid LN is likely an important predictor
of malignant or benign disease. In our series, the average
size of anthracotic pigment laden LNs that were biopsied
was 1.2+0.3 cm. Toba ez 4l. noted that PET avid LNs were
more likely to represent a false positive if their mean short
axis diameter was under 1 cm in size. Only 1/10 LN’s were
found to be false positive if measuring >1 cm in size in their
study. Most LN’ representing false positive were found to
have anthracosis or anthracosilicosis (17). This reported size
is slightly smaller than in our series. It is unclear why this

7 Thorac Dis 2021;13(7):4228-4235 | https://dx.doi.org/10.21037/jtd-21-142



4232

Ivanick et al. BAL causes PET avid LNs

Figure 2 PET/CT demonstrating an FDG avid lung nodule with an FDG avid N3 lymph node. (A) FDG avid right lower lobe lung nodule.
Pathology demonstrated NSCLC. (B) highly FDG avid N3 lymph node in the same patient. Pathology demonstrates benign anthracotic

pigment.
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Figure 3 Hematoxylin and eosin stained permanent sections of the level 6 lymph node biopsy showed an intact lymph node with abundant

pigment filled macrophages in a fibrotic background. The nodal architecture is poorly preserved. There was no evidence of metastatic

carcinoma or of lymphoma. (A) 10x magnification. (B) 40x magnification.

variability is noted, although measurement techniques and
inherent differences in LN sizes at nodal stations may play a
role.

In addition to LN size and SUV, the distribution
of hilar and mediastinal LNs that are PET avid likely
adds additional information regarding the likelihood of
malignancy. Lymph node distribution is inconsistently
identified in the published literature on BAL, and it is
unclear if unilateral or bilateral LNs were PET avid in most
of the published case series. Most series identify only LNs
that were biopsied. In our study, LNs that were PET avid
but were not biopsied (either due to LN position or to lack
of clinical need) were also included in the description of
bilateral vs. unilateral disease. There is some discrepancies
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in the reported literature regarding which LNs might
become PET avid in the setting of BAL, but our data and
others make clear that both hilar and mediastinal LNs
may become PET avid in the setting of BAL (8,13,18). On
average, we identified 3.8 PET avid LN’s per patient with
biopsy proven BAL, fitting with the hypothesis that inhaled
particulate matter leads to a diffuse abnormality within the
lung lymphatics. In addition, the distribution of PET avid
LNs was bilateral in 90% of the cases in our case series.
The absolute number and distribution of PET avid LNs
was not well characterized in other case series (7,8,13). In
summary, key radiographic features that may differentiate
lymph nodes with BAL from lymph nodes with metastatic
disease include the smaller size and symmetric bilateral
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distribution of lymph nodes with BAL. This is in contrast to
nodal metastases, which are more likely to be enlarged and
asymmetric (1able 2).

Other case series that aim to describe imaging
characteristics of BAL are from countries with high
endemic biomass exposure, including Turkey and South
Korea. Our series in notable for the international nature
of the cohort and the first series from North America.
Our institution in Northern California, cares for an
international patient population, including many patients
who have recently immigrated to the US. The striking
demographic finding in this series is that 90% (18/20)
of patients included in our series were born and raised
outside of the United States. Countries of origin included
Central and South America, Asia and the Middle East.
One commonality between these countries is the more
frequent use of biomass fuels. Biomass combustion, which
includes combustion of wood, manure and other organic
materials still serves as an important source for cooking
and heating for over half of the world’s population (19).
We hypothesize that biomass exposure, which in some
cases was supported by the patient’s history, was the cause
BAL observed in this case series.

Accurate staging dictates therapy for NSCLC (5,18,20).
Six patients in this series had newly diagnosed NSCLC
with PET avid contralateral mediastinal (N3) nodes.
A representative PET/CT scan is shown in Figure 2. If
the FDG uptake observed (2.5 SUV) in Figure 2B were
attributed to malignancy, based on 8" edition TNM (11),
these patients would be classified as stage IIIB, which would
preclude a potentially curative surgical resection (7zble 3). In
contrast, invasive staging with EBUS showed that the PET
avidity of these N3 nodes was due to BAL (Figure 14,B).
Four of these patients underwent surgical resection of the
primary tumor as well as resection of the previously biopsied
lymph nodes. All resected LNs showed an abundance of
anthracotic pigment (Figure 3) without tumor, confirming
the findings of the prior EBUS biopsy. Park ez 4/. evaluated
patients with potentially curative NSCLC with EBUS-
TBNA staging and evaluated the significant of anthracotic
pigment within these specimens. The prevalence of
malignant disease within these lymph nodes was 35.8%.
While 21.7% of lymph nodes in this study had anthracotic
pigment, only 3 (4.9%) lymph nodes had both anthracotic
pigment and NSCLC present concomitantly (8). Park et al.
describe a median SUV of anthracotic LNs of 4.4 (1.7-11.6),
and median LN size was 8.5 (4.7-17.5) mm. These findings
are similar to those demonstrated by our series.
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Our study has several limitations. First, our referral
base includes a large number of internationally born
patients and our findings may not be generalizable to other
populations. Additionally, only patients with both PET/
CT positive and anthracotic pigment on cytology were
included in this study. It is possible that other patients with
anthracotic pigment without positive PET scans exist. This
represents a potential source of bias. In addition, case series
do not give an estimate of prevalence, so it is unclear how
common these radiographic findings may be. Finally, our
retrospective case series is relatively small. The strengths of
our study are the clear identification of a subset of patients
at risk for radiographic overstaging, and the surgical
confirmation of benign disease in four of our 6 cases of

newly diagnosed NSCLC.

Conclusions

In this study, we describe the imaging characteristics of
BAL, an important but potentially underrecognized cause
of false-positive PET imaging in patients undergoing
evaluation of malignancy. In our series, BAL was frequently
bilateral, and led to multiple highly PET avid LNs without
significant enlargement. Frequently, patients with biopsy
proven BAL had a known exposure to inhaled biomass or
urban airborne pollutants and the majority of them were
from outside of North America. These results reinforce the
current guideline recommendations for invasive mediastinal
staging of PET avid LNs, especially if histologic sampling
of a PET avid LN may provide an opportunity for a surgical
cure of a newly diagnosed lung cancer.
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