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Case Report

Early Imaging Findings

of Hypertrophic
Osteoarthropathy Mimicking
Bone Metastasis from
Extrathoracic Malignancy
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Hypertrophic osteoarthropathy (HOA) is a syndrome characterized by digital clubbing, perioste-
al bone formation, and synovial effusions. Secondary HOA is associated with intrathoracic ma-
lignancy in most cases; however, in rare cases, HOA can be caused by extrathoracic conditions.
We report early ultrasound, computed tomography, magnetic resonance imaging, and bone
scintigraphy findings of HOA in a patient with breast cancer. Its ambiguous clinical and imaging
findings that mimicked malignant conditions are particularly interesting and informative.

Index terms Hypertrophic Osteoarthropathy, Secondary; Breast Neoplasms;
Neoplasm Metastasis; Magnetic Resonance Imaging; Ultrasonography

INTRODUCTION

A wide variety of conditions causes secondary hypertrophic osteoarthropathy (HOA)
such as malignancy, infection, inflammation or chronic hypoxia. Among them, sec-
ondary HOA is highly associated with malignancy as a form of paraneoplastic syn-
drome, mostly with lung cancer (1). Since pulmonary origin malignancy is a major
cause of secondary HOA, extrathoracic conditions are rarely associated with secondary
HOA. Although the radiographic findings of secondary HOA are widely known, only a
few reports present ultrasonography (US) and MRI findings of secondary HOA. We
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present a case of early US, CT, MRI, and bone scintigraphy findings of HOA mimicking bone

metastasis in a 59-year-old woman with past history of breast cancer.

CASE REPORT

A 59 year-old woman presented with a one-week history of right thigh pain with no orthope-
dic history. She had a medical history of left breast cancer (invasive ductal carcinoma) with
bone metastasis in the sternum and had undergone left modified radical mastectomy 2 years
prior. She had been treated with Docetaxel as chemotherapy and human epidermal growth
factor receptor 2 (HER-2) target therapy (Herceptin) for HER-2 positive breast cancer. Labora-
tory tests including complete blood count, electrolytes, aspartate aminotransferase, alanine
aminotransferase, blood urea nitrogen, creatinine, and CA 15-3 were within normal limits.

Bone scintigraphy using technetium-99m-3,3-diphosphono-1,2 propanodicarboxylic acid
(*mTc-DPD) revealed newly identified increased cortical uptake of the right mid-femoral
shaft compared to the previous bone scintigraphy performed 3 months prior, which was
needed to differentiate between traumatic lesion and bone metastasis. There was no change
of known sternal metastasis. However, plain radiograph and CT scan of the right femur
showed no abnormalities of bone and soft tissue. Eventually, the patient was admitted to our
hospital complaining of aggravated right thigh pain that persisted for one month. Contrast en-
hanced MRI of the right thigh was performed using a 3.0-T MRI scanner (Signa HDxt, GE
Healthcare, Waukesha, WI, USA) for further evaluation. The MRI revealed diffuse periosteal
thickening at the anterior aspect of the right mid-femoral diaphysis. This lesion correspond-
ed with the increased uptake area on bone scintigraphy. There were no signal changes of
bone marrow or cortical disruption. Vastus medialis, vastus lateralis, and vastus intermedius
muscles exhibited diffuse enhancement on contrast-enhanced T1-weighted image and dif-
fuse increased signal intensity on T2-weighted image. No definite swelling of these muscles
was observed (Fig. 1A). We suggested diagnosis of periosteal reaction in the femoral diaphy-
sis by stress injury combined with adjacent muscle strain even though the femoral diaphysis
is not a frequent location for stress injury. The patient was discharged and informed to make
note of any further pain.

Two months after the initial pain, she was readmitted for pain that persisted in the same
area. Laboratory data were similar to the previous test results. Bone scintigraphy demonstrat-
ed an increase in the extent of bone uptake in the right femoral shaft, but plain radiograph of
the right femur still exhibited no abnormal findings (Fig. 1B). Therefore, we repeated MRI to
exclude malignant bone lesion. The periosteal thickening was aggravated compared to the
previous study, but there were no abnormal findings of the bone marrow. Follow-up MRI also
revealed greater increase in extent of diffuse enhancement on the contrast-enhanced T1-
weighted image and signal intensity of the vastus intermedius muscle on the T2-weighted im-
age compared to the previous MRI. Moreover, the contour of the muscle was bulging to the
anterior side, indicating swelling (Fig. 1B).

Consequently, a US-guided juxtacortical biopsy of the right femur was performed to ex-
clude malignant conditions. The US image showed an abundant, periosteal, low echoic lesion

surrounding the outer cortex of the right femoral diaphysis, measuring up to 8 mm with an
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Fig. 1. Secondary hypertrophic osteoarthropathy in the right femur mimicking bone metastasis in a 52-year-old woman with right thigh pain.
A. Initial ®™Tc-DPD bone scintigraphy shows increased cortical uptake in the right mid-femoral shaft (black arrows). However, plain radiograph
and CT images of the right femur show no abnormalities in the bone or soft tissue. On MR, the fat-suppressed contrast-enhanced T1WI (lower
left image) shows diffuse enhancement of the vasti muscles, predominantly, the vastus intermedius muscle (white arrows). The T2WI (lower
rightimage) shows periosteal thickening of the anterior aspect of the right mid-femoral diaphysis (arrowheads), corresponding with the area of
increased uptake on bone scintigraphy and diffuse increased signal intensity of the muscles (white arrows).

B. Follow-up bone scintigraphy two months after the initial onset of pain shows increased *™Tc-DPD uptake in the right femoral shaft (black ar-
rows) compared with that in the earlier bone scintigraphy (A). Plain radiograph of the right femur shows no remarkable findings. On follow-up
MRI two months after the initial onset of pain, the fat-suppressed contrast-enhanced T1WI (lower left image) shows a much greater increase in
the enhancement of the vastus intermedius muscle (white arrows). The T2WI (lower right image) shows increased periosteal thickening (arrow-
heads) compared to that in the previous study shown in (A) and a much greater increase in the signal intensity of the muscle (white arrows).
T1WI=T1l-weighted image, T2WI = T2-weighted image, *™Tc-DPD = technetium-99m-3,3-diphosphono-1,2 propanodicarboxylic acid

intact cortex. Diffuse swelling and decreased echogenicity of the vastus intermedius muscle

also were observed. The power Doppler image did not reveal increased vascularity of the peri-
osteal lesion or the muscle (Fig. 1C). At this point, we made a differential diagnosis more fa-
vorable to malignant lesions such as bone metastasis, leukemia, and lymphoma because of
aggravated periosteal reaction and soft tissue swelling. And it was our major concern to ex-
clude bone metastasis since the patient had a history of bone metastasis. The microscopic find-
ings were unmineralized lace-like woven bone formation without malignant cell infiltration,
resulting in the final diagnosis of secondary HOA from extrathoracic malignancy (Fig. 1D). The
patient was discharged and followed-up for secondary HOA.

The symptoms progressively resolved while the patient was avoiding weight bearing and in-
tense physical activity. Follow-up MRI 4 months after the onset of pain was performed, reveal-
ing no significant change of the periosteal reaction. The vastus intermedius muscle exhibited
improvement in swelling but no significant change in signal intensity. Plain radiography re-
vealed no positive findings. However, the 7-month follow-up plain radiography after the initial
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episode of pain showed bilateral, broad-based, cortical ossification in the diaphysis of both fe-
murs, tibias, and fibulas. In addition, bone scintigraphy demonstrated bilateral linear increased

periosteal and cortical uptake areas, corresponding to the plain images (Fig. 1E).

DISCUSSION

HOA is a syndrome with a clinical triad of digital clubbing, periosteal bone formation, and

Fig. 1. Secondary hypertrophic osteoarthropathy in the right femur mimicking bone metastasis in a 52-year-old woman with right thigh pain.
C. Longitudinal ultrasonography image obtained two months after the initial onset of pain shows abundant periosteal low echoic lesions (up-
perimage, arrowheads) with a broad base on the outer cortex of the femur. The vastus intermedius muscle (lower image, white arrows) shows
diffuse swelling and decreased echogenicity. The power Doppler image did not reveal increased vascularity of the periosteal lesion (arrow-
heads) or muscle.

D. Histologic specimen shows lace-like woven bone and medulla. No lamellation or mineralization is observed within the specimen (left im-
age). Osteoblastic proliferation is present, but no osteoblastic rim formation is observed within the lesion (right image). These findings reflect
an immature bone matrix without zonal architecture, suggesting the early stages of new bone formation.

E. Follow up bone scintigraphy after seven months shows bilateral linear increased periosteal and cortical uptake in both lower extremities.
Plain radiographs of femur, tibia, and fibular show bilateral broad-based cortical ossification (arrows).

H&E = hematoxylin and eosin

H&E stain, x40 H&E stain, x100
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synovial effusions owing to abnormal skin and periosteal proliferation of the extremities, typi-
cally symmetrical in appearance. Secondary HOA is more frequent than primary HOA, ac-
counting for 95-97% of cases. Secondary HOA is associated with various pathologic condi-
tions such as infection, inflammation or chronic hypoxia, but a high prevalence of
malignancies in secondary HOA, up to 90%, exists as a form of paraneoplastic syndrome. In-
trathoracic tumor, especially lung cancer, is a predominant neoplastic cause of secondary
HOA, accounting for approximately 80% of cases, in which the HOA condition is referred to as
hypertrophic pulmonary osteoarthropathy (1).

Extrathoracic tumors associated with secondary HOA are rare, but a variety of neoplasms
is associated with secondary HOA. It is mostly reported in patients with esophageal cancer
and nasopharyngeal carcinoma (1). Secondary HOA-associated breast cancer is extremely
rare, but a previous report of secondary HOA by pulmonary metastatic phyllodes tumor of the
breast has been published (2).

The exact pathogenesis of HOA is not clear, but neurogenic and humoral pathways have
been suggested (1). Recently, vascular endothelial growth factor (VEGF) has been proposed to
play a major role in this syndrome. This cytokine promotes angiogenesis, stimulates new
bone formation, and increases vascular permeability. These activities may explain the patho-
logic findings of vascular hyperplasia, osteoblastic proliferation, and edema. The levels of
plasma and serum VEGF were significantly higher in a patient with lung cancer who present-
ed with HOA (3). In breast cancer, HER-2+ cases exhibited higher expression of VEGF com-
pared to HER-2- cases, leading to an aggressive phenotype (4, 5). In addition, patients with
metastasis from underlying breast cancer had a higher level of circulating VEGF compared
to those with localized breast cancer (6). Our patient had HER-2+ invasive breast cancer with
known sternal metastasis, hypothetically causing the high level of circulating VEGF. There-
fore, even though there was no primary lung cancer or intrathoracic metastasis in our case,
there was a considerable possibility of HOA given the disease mechanism related to VEGF.
Further studies are needed to evaluate the association between secondary HOA and circulat-
ing VEGF in a large number of patients with breast cancer.

The diversity and nonspecificity of the clinical and radiologic manifestations of HOA com-
plicate accurate diagnosis (1, 7). Furthermore, there is no reliable diagnostic serologic test for
HOA, making radiologic evaluations even more important (1).

Plain radiographs are commonly used as the initial assessment tool for HOA. Symmetric
periosteal bone formation in the shafts of long bones with a wide involvement of underlying
bone is a typical finding of HOA. HOA has a spectrum of radiologic presentations in associa-
tion with disease stage. Its early phase involves the diaphysis, but spares the epiphysis, with a
minimal number of affected bones. As it progresses, the extent of periostosis can be increased
to the epiphysis, involving more bones, and widening the connection to the underlying bone
(1). Our case is considered an early stage of HOA from an underlying malignancy because the
periostosis initially exhibited unilateral and eccentric cortical involvement and progressed
upon follow-up.

Adams et al. (8) reported the first case of sonographic findings of primary HOA in a pediat-
ric patient. US revealed a layer of echogenic periosteal tissue based on the outer cortex of un-
derlying bone. There was no increased vascularity of this lesion on power Doppler image. The
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authors believed that the low vascularity may have resulted from the relatively small size of
the vascular channels in a young patient. These imaging findings in our case were consistent
with a previous report (8).

MR imaging of HOA exhibits periosteal reactions with reactive changes of the surrounding
soft tissues (1, 7). Periosteal reactions are classically seen as hypo- to isointense on T1-weight-
ed images and hypointense on T2-weighted images. Thickened periosteum can be observed
in contrast enhancement. Reactive change of adjacent soft tissue may be presented as hyper-
intensity on T2-weighted image, which is correlated with the degree and location of paraosse-
ous swelling (1). Tt is important to evaluate the presence of abnormal cortical and intramedul-
lary signal change to exclude underlying osteomyelitis or malignancy (1). There was no cortical
disruption or marrow abnormality in our patient. Moreover, the periosteal reaction was uni-
form in shape. These findings are more compatible with HOA rather than metastasis.

Bone scintigraphy demonstrates the typical “tram line” or “double stripe sign,” presented
as symmetric increase of cortical uptake of long bones (1). This typical radiologic finding was
shown on follow-up bone scintigraphy 7 months after the onset of pain (Fig. 1F).

Our initial radiologic differential diagnosis included malignant conditions such as bone me-
tastasis, leukemia, and lymphoma. It was our major goal to exclude bone metastasis since the
patient had a history of bone metastasis from an underlying malignancy. There are several
reasons that favor secondary HOA compared to malignant conditions. First, the periosteal re-
action exhibited a circumscribed uniform appearance in our case, while an aggressive shape
is observed in leukemia and lymphoma. Second, there was no osseous destruction or intra-
medullary signal change in the MR images. In cases of malignant conditions, intramedullary
osteolytic or osteoblastic lesion with associated periosteal soft tissue mass are often observed
(1). Third, there was no increased vascularity on the power Doppler image. Malignant lesions
are more likely to show increased vascularity than benign lesions (9).

Even through retrospective review, it was challenging to make a correct diagnosis of HOA
in the initial stage for several reasons. First, the patient exhibited no intrathoracic lesion, and
the bony involvement was initially unilateral as it is in early phases of HOA. Second, in our
case, mineralization of the periosteal reaction was exceptionally delayed. Mineralization of
the periosteal reaction must be present for HOA to be demonstrated on plain radiography and
typically requires a maximum of 10 days to 3 weeks to be mineralized from the initial cause
(10). Our microscopic examination 2 months after the initial pain revealed unmineralized
woven bone formation and required 7-month follow-up plain radiography to demonstrate
mineralization.

There is a lack of literature on secondary HOA associated with invasive ductal breast can-
cer without intrathoracic metastasis. As a result, our case is significant for radiologic multi-
modality evaluation of the early manifestation of HOA in underlying breast cancer.

Radiologists should consider the possibility of the early phase of HOA as a differential diag-
nosis when US and MR findings show an evident periosteal reaction in a symptomatic region

of long bone, even in patients with extrathoracic pathology.
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