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An incidental finding of the Lincoln sign B

on FDG PET-CT in a patient with rectosigmoid
adenocarcinoma giving rise to the diagnosis
of Paget’s disease
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Abstract

Background Paget’s disease is a metabolic disorder characterized by disorderly bone remodeling process of exces-
sive osteoclastic and osteoblastic activities leading to a structurally disorganized appearance of the bone. Paget's
disease is usually diagnosed based on the clinical presentation of bony pain, raised serum alkaline phosphatase,
and typical radiological changes. Bone scintigraphy with ™ Tc-labeled radiotracers is commonly used to assess
disease extent, and one of the classical findings of Paget’s disease on bone scintigraphy is diffuse radiotracer uptake
in the mandible bone, widely described as Lincoln or Black Beard sign. On the other hand, FDG PET-CT is commonly
used in cancer imaging and frequently for staging or assessing recurrence in various malignancies. However, its use
in evaluating Paget’s disease is not established, attributed mainly to the heterogeneity of FDG uptake in Paget’s dis-
ease and the high false-positive and negative findings.

Case presentation A 57-year-old female with metastatic mucinous rectosigmoid adenocarcinoma underwent
multiple surgeries and completed 12 chemotherapy cycles with no evidence of local recurrence in the colon or dis-
tant metastasis. In the tenth year of active surveillance, her serum CEA levels were found to be elevated, yet there
was no evidence of cancer spread from colonoscopy and contrast-enhanced CT. An "8F-FDG PET-CT was then
ordered, to which a unique diffuse FDG uptake pattern in the mandible was seen, resembling the Lincoln or Black
Beard sign classically described in bone scintigraphy. This appearance was then verified by congruent uptake dur-
ing a ®™Tc-MDP scan, thus leading to the diagnosis of Paget’s disease.

Conclusion The Lincoln sign is not limited to bone scintigraphy. Hence, we intend to add this FDG PET-CT finding
to enrich the literature on the Lincoln sign and when to expect this pattern.
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Background

Paget’s disease is a metabolic disorder characterized
by disorderly bone remodeling process of excessive
osteoclastic and osteoblastic activities leading to the
structurally disorganized appearance of the bone [1].
Typically, bone scintigraphy using metastable-99 tech-
netium (**™Tc) labeled radiotracers is widely used to
assess the distribution of this disease. Paget’s disease is
commonly seen as diffusely intense radiotracer uptake
in solitary (monostotic) or several (polyostotic) bones.
One of the most classical appearances on bone scintig-
raphy is the Black Beard sign or Lincoln sign, which is
diffuse intense radiotracer uptake in the mandible bone,
resembling the appearance of the famous 16th President
of the United States of America [2]. Visualization of this
sign is almost pathognomonic of Paget’s disease. How-
ever, to the best of our knowledge, this sign has never
been described in non-skeletal scintigraphy, and this case
would probably be the first case relating the appearance
of the Lincoln sign in florine-18 fluorodeoxyglucose posi-
tron emission tomography computed tomography (!8F-
FDG PET-CT).

Case presentation

A 57-year-old Malay female from the East Coast of
Malaysia (Kelantan) was diagnosed with metastatic
mucinous adenocarcinoma of the rectosigmoid and
had undergone anterior resection, cholecystectomy,
and hysterectomy with excision of the liver nodule. She
subsequently completed 12 cycles of chemotherapy,
and the post-treatment '*F-FDG PET-CT scan showed
no evidence of local recurrence in the colon or any dis-
tant metastasis. She was under active surveillance, and
in the 10th year, new constitutional symptoms of occa-
sional lethargy and reduced appetite were noted, along
with elevated serum carcinoembryonic antigen (CEA)
levels from 2.9 ug/L to 5.8 ug/L. However, the colonos-
copy examination and the contrast-enhanced computed
tomography (CECT) showed no evidence of local recur-
rence or distant metastasis; hence, she was subjected to
an F-FDG PET-CT scan. Interestingly, her PET-CT
scan showed heterogeneously diffuse FDG hyperme-
tabolism in the skull bones, mandible, and maxilla, along
with heterogeneous FDG metabolism involving the ver-
tebrae, ribs, and pelvic bones (Fig. 1), corresponding to
mixed lytic-sclerotic bony changes on CT (Fig. 2). In
addition, the diffusely intense FDG hypermetabolism in
the mandible seen on the maximum intensity projection
(MIP) image gives rise to the appearance of the Lincoln
or Black Beard sign frequently encountered on bone scin-
tigraphy. Hence, the overall findings of the PET-CT were
suggestive of concomitant bone metastasis and metabolic
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Fig. 1 A 57-year-old female patient with a history of treated
metastatic mucinous rectosigmoid adenocarcinoma presented
with occasional lethargy and reduced appetite with elevated CEA
levels ten years into her active surveillance. The anterior and right
lateral MIP of the "8F-FDG PET-CT findings show diffuse increased
FDG uptake in the skull and mandible bone (A), giving rise

to the classical Lincoln or Black Beard sign. Heterogeneously diffuse
FDG uptake of varying intensity is also seen along the vertebrae (B)
and pelvic bones (C)

bone disease, with Paget’s disease strongly considered.
Biochemical examination revealed a significantly raised
alkaline phosphatase (ALP) of>800 IU/L and hypocal-
cemia of 1.9 mmol/L. She underwent a **™Tc-methylene
diphosphonate (MDP) bone scintigraphy, which showed
the presence of diffusely increased tracer uptake in the
mandible consistent with the Lincoln sign and bowing
of both femurs. The constellation of bone scintigraphy,
PET-CT scan, and biochemical findings highly suggested
Paget’s disease. The patient, however, remained relatively
asymptomatic as apart from the occasional lethargy and
reduced appetite, she denies any significant bone pain,
weakness of the limbs, or numbness. She also denies any
difficulty in chewing, swallowing, or talking.

Discussion
Paget’s disease (osteitis deformans) is a metabolic bone
disease characterized by abnormal osteoclastic and oste-
oblastic activities characterized by haphazard remodeling
of the bone [1]. It was first described in 1877 by Sir James
Paget and is more commonly seen among the popula-
tion but less widely seen among the Asian or Malaysian
population [1, 3]. The disease can be divided into three
phases: the resorptive/osteolytic phase, the mid-mixed
osteoblastic/osteoclastic hyperplastic phase, and the late
sclerotic phase [3].

Accurate disease diagnosis depends on the many clin-
ical, biochemical, and radiological findings. Pain and
bone deformity, e.g., bowing of the long bones, are the
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Fig. 2 Axial fused PET-CT and CT images of the skull (A), thoracic
vertebra (B), and pelvic bones (C) showing background to mild
increased FDG uptake in the visualized bones corresponding

to mixed lytic-sclerotic lesions on CT

most typical clinical presentations, whereas elevated
ALP is a useful biomarker of Paget’s disease. Imaging
plays an important in establishing the diagnosis, assess-
ing the phases of the disease, the extent of the disease
(monostotic or polyostotic), and assessing the integrity
of the bone, which in turn helps evaluate the risk of
complications [1].

Apart from conventional radiological examinations
such as X-rays, nuclear medicine imaging plays a sig-
nificant role in assessing Paget’s disease. Bone scintig-
raphy has become an essential tool as it is sensitive in
detecting early and subtle osteoblastic changes, usually
not picked up on conventional X-rays. It has also been
shown to visualize radiotracer uptake in the affected
bones in all three phases [4, 5]. One of the most com-
mon findings on bone scintigraphy is the Lincoln or
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Fig. 3 Anterior and posterior planar images of ™ Tc-MDP

bone scintigraphy showing diffuse intense radiotracer uptake

in the mandible bone in keeping with the Lincoln or Black Beard
sign. Other increased tracer uptake is also seen at the lower thoracic
vertebrae, similar to the FDG PET-CT findings. The prominent bowing
of both femurs is also visualized

Black Beard sign, characterized by the diffusely intense
radiotracer uptake in the body of mandible bone on
9mTc-MDP bone scintigraphy [2]. Due to the propen-
sity of bone-seeking radiotracer uptake in Paget’s dis-
ease, bone scintigraphy is commonly performed to
establish the diagnosis and, more importantly, to deter-
mine the extent of bone involvement (Fig. 3).

On the other hand, '®F-FDG PET-CT is not frequently
used to assess Paget’s disease [5]. Although indispensa-
ble for evaluating malignancy, its role in Paget’s disease
is still controversial. It was demonstrated that the FDG
uptake in most patients with Paget’s disease was vari-
able and poor, even in those deemed active through ALP
measurements [6]. Moreover, various false-positive FDG
PET-CT findings of Paget’s disease mimic metastasis,
particularly in elderly patients [7].

As highlighted here, extensive mixed osteolytic—osteo-
blastic lesions in the skeletal system of this patient ini-
tially raised the suspicion of bone metastasis. However,
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intense and diffuse FDG uptake throughout the man-
dible bone, giving rise to the Lincoln or Black Beard
appearance corresponding to mixed lytic-sclerotic bone
changes, prompted the possibility of concomitant meta-
bolic disease, possibly Paget’s disease. This led to further
assessment, which showed significantly elevated serum
ALP and a congruent radiotracer uptake pattern in the
mandible on bone scintigraphy—confirming the diag-
nosis of Paget’s disease and obviating an invasive biopsy
procedure. To the best of our knowledge and literature
review, this is probably the first case to report the con-
current appearance of the Lincoln or Black Beard sign in
FDG PET-CT and bone scintigraphy.

Interestingly, despite the extensive mixed lytic-sclerotic
bony changes, FDG uptake in these bones was remark-
ably heterogeneous, with some areas showing increased
FDG uptake. In contrast, others showed only mild FDG
uptake, consistent with several other publications that
showed vast variations in the FDG uptake pattern and
intensity in Paget’s disease, which may mimic or mask
metastatic foci in patients with underlying malignancy
[7-13]. In addition, this case also highlights the variation
of FDG uptake of Paget’s disease, adding to the complex-
ity of assessment of such disorder in patients with under-
lying malignancy.

Conclusions

In conclusion, FDG PET-CT should not be used solely
in assessing Paget’s disease but instead could be comple-
mentary in determining Paget’s disease. The appearance
of this finding in a patient with underlying malignancy
should prompt clinicians to explore the possibility of
Paget’s disease, ensuring a holistic approach to patient
management.
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