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Abstract

Objectives: This article analyzed the imaging features of 18
long bone metastasis (LBM) of renal cell carcinoma (RCC)
confirmed by pathology and reviewed the available literature.
Case presentation: Patients who underwent radiographic
examinations at our hospital between January 2015 and
December 2021 with pathology-confirmed bone metastases
were evaluated. The clinical and radiographs and CT, and
MR images features of the patients were analyzed. Eighteen
patients with pathology-confirmed LBM from RCC were
collected. All the patients had X-ray examinations, 15 had
computed tomography (CT), 13 had magnetic resonance (MR)
imaging, and six had MR enhancement. The clinical and
imaging features of the lesions were analyzed, including
morphological and signal intensity characteristics. Ten
patients were found with metastases after nephrectomy,
and eight patients were admitted to the hospital with
skeletal-related events (SREs). Eighteen cases originated
from clear cell RCC. Fourteen lesions were located in the
epiphysis and four in the diaphysis. The height-to-width
ratio of the lesions ranged from 1.11 to 3.41 (mean, 1.84). All
lesions showed osteolytic destruction, with 16 lesions
showing expansile destruction. Seven lesions demonstrated
soap bubble hyperintensity and hypointense separation on
T2-weighted images. Six lesions demonstrated a flow-void
sign, and six showed marked marginal enhancement.

Conclusions: The LBM of RCC mainly occurred in the
proximal epiphysis and tended to spread along the long hone
axis with expansile osteolytic destruction. In some cases,
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soap bubble hyperintensity, hypointense separation, and the
flow-void sign were seen.
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carcinoma

Introduction

Renal cell carcinoma (RCC) is a clinically common malignant
tumor worldwide. The major histologic subtype of RCC is
clear cell RCC (ccRCC) [1-3]. ccRCC is prone to early hema-
togenous metastasis. Bone (20-40 %) is the second most
common metastatic site of RCC after the lung (70 %) [2, 4, 5].
Although bone metastasis is far more prevalent than
primary bone malignancy, solitary metastasis that occurs
in the extremities is relatively rare. Solitary long bone
metastasis (LBM) may accompany an occult primary renal
tumor, or it may be delayed metastasis from a previously
treated lesion [6]. Most of these patients are admitted to
the hospital with bone pain and a pathological fracture
as the first symptom. Therefore, imaging examination is of
great significance for the early detection and diagnosis
of LBM of RCC [5-9].

X-ray, computed tomography (CT), and magnetic reso-
nance imaging (MRI) are the most common examination
methods. Due to excellent soft tissue resolution, MRI is
the preferred imaging modality of choice for assessing
metastatic spread in the marrow cavity, an extension of the
tumor from the marrow cavity, and the involvement of
surrounding structures [8]. The sites of bone metastases
from RCC have been reported, including the spine, ilium,
skull, clavicle, rib, humerus, femur, tibia, and fibula
[6, 10-15]. Fewer than 10 cases of solitary LBM were
reported between 2000 and 2019 [5, 6, 13, 14]. The X-ray and
CT images showed that the RCC metastases mostly had
osteolytic destruction with expansile change, no periosteal
reaction, and were soft-tissue masses [5, 12-15]. The MR
images demonstrated hypervascularity, slight hypointensity
or isointensity of the masses on T1-weighted images (TIWI),
and hyperintensity or mixed signals on T2-weighted images
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(T2WT) [6, 11, 13]. Salapura reported a case of a 71-year-old
male patient with disseminated (including the right humerus)
osteoblastic bone metastases from ccRCC [10].

The MR imaging of LBM of RCC might show certain
characteristics. Two articles specifically reported the flow
vessels of bone metastases from RCC [6, 7], but no articles
have summarized the MR imaging features of a series of
solitary LBMs. This article retrospectively analyzed the
imaging features of 18 LBMs of RCC confirmed by pathology
and reviewed the available literature, aiming to explore the
imaging features and improve the accuracy of diagnosis.

Materials and methods
Patients

Patients who underwent radiographic examinations at our hospital
between January 2015 and December 2021 with suspected bone metas-
tases were evaluated. The inclusion criteria were: (1) long bone lesions
pathologically confirmed as bone metastases of ccRCC and (2) patients
with bone metastasis who underwent imaging examinations before the
initiation of cancer-directed therapy. The clinical and imaging features
of the patients were analyzed.

Imaging protocol

X-ray scanning was performed on a SIEMENS Ysio DR X-ray scanner. CT
images were obtained using a multidetector CT scanner (Philips Bril-
liance, Philips Brilliance iCT, and Siemens Healthineers), with 64-256
detector rows. The sagittal and coronal images were reconstructed to
obtain the axial images. The scanning parameters were 120 kV, auto-
matic milliampere setting (range 80-320 mA), and a pitch of 1 and 5 mm
contiguous section thickness. Imaging was followed by the use of bone
tissue (window width (WW): 1,600-2,500 HU, window level (WL): 500—
800 HU) and soft tissue (WW: 300-500 HU, WL: 45-60 HU) algorithms.

MR imaging was performed with a 3.0 T magnet (Siemens Medical
Solutions, Germany). The imaging parameters were slightly different
depending on the imaging site. The pre-contrast scanning sequences
were axial TIWI (repetition time (TR)=500-520 ms, echo time (TE)=11-
15 ms, 5 mm thickness); axial, coronal fat suppression T2WI (TR=3,500—
4,000 ms, TE=81-138 ms, 5 mm thickness); and sagittal T2ZWI (TR=3,500—
4,000 ms, TE=106-131ms, 5mm thickness). Enhanced scanning was
performed by an intravenous injection of gadopentetate dimeglumine
(Gd-DTPA, 3mL/s, 0.1 mmol/kg), and the sequences also included axial,
sagittal, and coronal enhanced TIWI scans (TR=160-185 ms, TE=1-2 ms,
5 mm thickness).

Image evaluation

Two experienced radiologists (with three and 10 years of work experi-
ence, respectively, in musculoskeletal imaging) separately reviewed all
the images on a picture archiving and communication system. Any
discordance was resolved by consensus. The morphological features of
the lesions were evaluated on the radiographs and CT images, including
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the location (proximal epiphysis, diaphysis, and distal epiphysis), size
(maximum height in the sagittal position and maximum width on axial
view), height-to-width ratio (maximum height/maximum width), mar-
gins (well-defined or ill-defined), bone destruction (expansile or non-
expansile), cortical bone (interruption or continuity), periosteal reac-
tion, and soft-tissue mass.

The lesion signal intensity characteristics on MR images were
analyzed, including the signal intensity of each sequence (lesion signal
intensity lower than the signal intensity of muscle was described as
hypointense; the same as the signal intensity of muscle, as isointense;
greater than the signal intensity of muscle but less than the signal in-
tensity of fat, as hyperintense), the signal uniformity on T2WTI (unifor-
mity or uneven), soap bubble sign (heterogeneous hyperintensity on
T2WI), separation (curvilinear area of hypointensity in the mass on
T2W1I), flow-void sign (multiple dot-like or tubular structures with low
signal intensity located within or around the lesion that probably cor-
responded to vessels) [6], enhancement amplitude (unenhanced, slightly
enhanced, or markedly enhanced compared with surrounding normal
enhancing muscle and vessels), and uniformity.

Case illustration
Clinical features

Eighteen patients (15 males, three females; age range, 48-74
years; average age, 63.8 + 5.3 years) were included in this
study. All patients had X-ray examinations, 15 had CT, 13 had
MR imaging, and six had MR enhancement.

Metastases were found after nephrectomy in 10 pa-
tients, and the median time interval between nephrectomy
and the diagnosis of metastasis was one year (range,
0.5 months-10 years). The other eight patients were
admitted to the hospital with limb pain as the first symptom,
and five patients progressed to pathological fractures, which
were then diagnosed as having an RCC source. All of the
ccRCCs were pathologically confirmed as well.

The mean follow-up period for 18 patients was
13.5 months (3-24 months). Nine patients underwent radio-
therapy and chemotherapy, and another nine underwent
surgery, followed by chemotherapy. During the follow-up
period, 11 patients had multiple metastases in the axial
skeleton, two had brain metastases, two had lung metasta-
ses, one had a right pubic metastasis, one had lung and
adrenal metastases, and one had no new metastasis.

Table 1 summarizes the clinical information, including
patient age, sex, the location of the tumor, clinical presentation,
and laboratory parameters, as well as the clinical follow-up.

Morphological features

Fourteen lesions were located in the extremities, including
the proximal femur (six cases), proximal humerus (four
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Table 1: Clinical findings in 18 patients with osseous metastases of ccRCC.
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Patient no./ Tumor PT, PTA, ALB/GLO PLT FIB, Follow-up, Interval between nephrec- Other metasta- Main
sex/age,y location s % (1.2-2.4) (T10°/L) g/L month tomy and osseous Metasta- tic lesions symptom
sist, month

1/M/62 Diaphysis 13.6 94 1.18 330 47 7 36 Axial skeleton Fracture

2/M/62 Proximal 13.6 97 1.03 365 274 12 1 Axial skeleton Pain
femur

3/M/49 Proximal 13.8 93 1.75 203 267 18 0 Axial skeleton Pain
femur

4/M/63 Proximal 13.6 95 1.42 157 231 6 0.5 Axial skeleton Fracture
humerus

5/M/74 Proximal 13.1 1011 1.32 216 3.19 24 120 No Pain
femur

6/F/64 Proximal 14 88 1.47 256  2.85 16 60 Brain Fracture
radius

7/M/64 Distal femur 14 89 1.38 272 4 20 36 Lung Pain

8/M/64 Proximal 12.6 114.0 1.38 268 2.86 10 0 Axial skeleton Pain
femur

9/M/60 Diaphysis 121 126 1.46 278 7.3 15 0 Axial skeleton Pain

10/M/63 Proximal 126 109 1.38 259 575 10 0 Axial skeleton Fracture
humerus

11/F/61 Proximal 14.8 79 1.79 198 238 12 1.5 Axial skeleton Pain
humerus

12/F/63 Proximal 13.6 94 1.65 332 47 3 0 Adrenal gland,  Fracture
femur lung

13/M/64 Distal femur 13.8 102 1.54 284 274 10 0 Axial skeleton Pain

14/M/60 Proximal 13.4 98 1.48 299 354 9 12 Lung Fracture
radius

15/M/58 Diaphysis 134 103 1.46 304 312 20 0 Axial skeleton Pain

16/M/70 Proximal 13.6 97 1.38 314 274 6 36 Brain Fracture
humerus

17/M/70 Diaphysis 13.1 93 1.76 310 2.68 18 0 Pubis Pain

18/M/70 Proximal 12.7 94 1.64 286 2.13 12 36 Axial skeleton Fracture
femur

PT, plasma prothrombin time; normal range 11.5-14.5s. PTA, plasma prothrombin time activity; normal range 75-125 %. ALB, albumin; GLO, globulin;
normal range 1.2-2.4 g/L. PLT, platelet count; normal range 125-350 x 10°/L. FIB, fibrinogen; normal range 2-4 g/L.

cases), distal femur (two cases), and the proximal radius (two
cases). Four lesions were located in the diaphysis, including
the femur (two cases) and the humerus (two cases). The
maximum height of the lesions ranged from 33 to 134 mm
(median, 72.1 mm), and the maximum width ranged from 20
to 95 mm (median, 43.3 mm). The height-to-width ratio of the
lesions ranged from 1.11 to 3.41, with an average ratio of 1.84
(Table 2). Thirteen lesions had ill-defined margins, and five
had well-defined margins. All lesions showed osteolytic
destruction, and 16 lesions demonstrated expansile
destruction. The cortical bones were interrupted in 15 le-
sions and were continuous in the other three lesions
(Figure 1). Of the 15 lesions, five metastases had obvious
pathological fractures. There was no periosteal reaction in
any lesion. Fourteen lesions demonstrated irregularly sha-
ped soft tissue masses, and the other four lesions were
confined to the marrow cavity without a soft tissue mass.

MRI characteristics

The MR characteristics of 13 lesions are shown in Table 3.
Eight lesions demonstrated soft tissue masses with a
lobular shape, and the other four lesions were without a
soft tissue mass. Eleven cases demonstrated slight hypo-
intensity or isointensity on TIWI and mixed isointensity
and hyperintensity on T2ZWI. In these cases, seven lesions
demonstrated soap bubble signs and hypointense sepa-
ration on T2WI (Figure 2). Two cases demonstrated ho-
mogeneous isointense signals on TIWI and slightly
hyperintense signals on T2WI. The flow-void sign was
observed in six lesions (Figure 1). Seven patients under-
went enhanced scanning, and the lesions demonstrated
marked marginal enhancement (enhanced similar to
normal vessels) with no enhancement in the center
(Figure 3).
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Table 2: The maximum height, width (mm), and height-to-width ratio of bone metastases of RCC.

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18

Maximum height 48 90 74 86 59 59 134 60 109 119 49 48 57 33 93 77 57 45
Maximum width 38 75 45 59 29 50 60 26 32 95 44 26 46 20 58 27 24 22
Height-to-width ratio  1.26 115 164 203 203 118 223 231 341 125 111 185 124 165 160 285 237 204
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Figure 1: A 64-year-old man with osseous metastasis of ccRCC in his left humerus. (A-C) Coronal TIWL, coronal fat suppression T2WI, and axial T2WI show a
mass in the proximal humerus with hypointense tubular structures (arrows). (D-E) Coronal and sagittal CT images show an osteolytic lesion in the bone
marrow cavity. (F) Whole-body bone scan shows increased focal uptake in the left humerus. (G-H) The core biopsy sample shows patchy, mildly atypical clear
eosinophilic epithelioid tissue within the bone tissue (G, original magpnification, x10; hematoxylin-eosin [H-E] stain) (H, original magnification, x40; H-E stain).

Table 3: MR signal characteristics of bone metastases of ccRCC.

1 2 3 4 5 6 7 8 9 10 " 12 13
T1IWI
Signal intensity Iso- Hypo-  Iso- Iso- Iso- Hypo-  Hypo-  Hypo-  Hypo-  Hypo-  Hypo-  Iso- Hypo-
Uniformity + - + + + - + - + - - + -
T2wWI
Signal intensity Hyper-  Hyper-  Hyper- Hyper- Hyper- Hyper- Hyper- Hyper- Hyper- Hyper- Hyper- Hyper- Hyper-
Uniformity + - - + - - - - - - - _ -
Soap bubble sign - + + - + + + - - + - + -
Separation - + + - + + + + - + - - -
Flow-void sign - + + + - - + - - + - + -
Enhancement
Amplitude 1 1 moomooomnoonmnn
Uniformity - - - - - - - -
+: yes, —: no, T: mildly or moderately enhancement, TT: markedly.
Bone scintigraphy Discussion

Three patients underwent bone scintigraphy and demon-  Bone metastasis of RCC is more common in older males and
strated increased focal uptake in the metastatic margins, occurs in the axial skeleton and proximal appendicular
while there was no significant local uptake in the central skeleton. When it occurs in the appendicular skeleton, it is
regions. See supplementary Table 4 for the summary of the most common in the femur and humerus [8]. Stomeo et al.
latest publications on bone metastases from ccRCC. found that infra-diaphragmatic neoplasms are -easily



DE GRUYTER Shi and Zhang: Long bone metastases of renal cell carcinoma imaging features —— 575

metastasized to the pelvis in a retrograde manner through
the valveless Batson’s vertebral venous plexus [16]. Our
study results showed that 15 (15/18, 83.3 %) patients were
male, with an average age of 63.1 years. This result may be
explained by the potential selection bias of retrospective
studies, but it also indicated that the bone metastases of RCC
were more likely to occur in older men. A study by Choi also
reported that 14 (14/16, 87.5 %) patients with RCC bone me-
tastases were older men [6]. In this study, 10 (10/14, 71.4 %)
lesions were located in the proximal epiphysis of the
appendicular skeleton, with six (6/10, 60 %) lesions in the
femur and four (4/10, 40 %) in the humerus, consistent with a
previous report [8, 16]. Six patients still had only one bony
lesion during the follow-up period. Zekri et al. reported
similar results in which 14 (14/31, 45 %) patients had a soli-
Figure 2: A62-year-old man with osseous metastasis of ccRCC in his right tary metastatic lesion from RCC at the time of diagnosis and 8
femur. (A-C) Axial TIWI, sagittal T2WI, and axial fat suppression T2WI (8/31, 26 %) patients continued to have only one lesion during
shov.v.a mass in the dista.I femu.r with heterogeneous hyperintensity and a the study period [9]. The reason might be that solitary bone
curvilinear area of hypointensity on T2WI (arrowhead). (D-F) CT soft .
tissue window, CT bone tissue window, and lateral radiograph show an metastases of RCC affect the appendicular skeleton more
ill-defined osteolytic lesion with expansile change. frequently than other solid tumors [9]. Choi et al. reported
that RCC frequently manifested first as osseous (often soli-
tary) metastasis from a clinically occult primary tumor [6].
Eight patients were admitted to the hospital due to
skeletal-related events (SREs), including four who experi-
enced pathological fractures in long bones. The report by
Zekri also demonstrated that pain and pathological fractures
were the most frequent SREs of bone metastases, with in-
cidences of 81 and 42 %, respectively, and considered that RCC
was a common cause of pathological fractures in long bones
[9]. By further comparing the incidence of SREs in metastatic
. ) i o bone disease from RCC and breast cancer, their research
Figure 3: A63-year-old man with osseous metastasis of ccRCC in his right o A R
femur. (A-B) Sagittal T2WI and enhanced TIWI show a mass in the demonstrated that the incidence of hypercalcemia was a little
proximal femur with pathological fracture and marked marginal higher than that in the latter, but the incidence of pathological
enhancement (arrow). long bone fractures and spinal cord compression was similar

Table 4: Summary of the latest publications on bone metastases from ccRCC.

Authors Year Primary carcinoma Number of Results
cases
Zekri [9] 2001 RCC 103 It would therefore be appropriate to evaluate the effectiveness of bisphosph-

onate treatment for reducing skeletal morbidity in advanced renal cell cancer
with bone metastases.

Choi [6] 2003 RCC 20 Observation of the flow-void sign in lesions depicted on MR images may prove
helpful for diagnosing osseous metastasis from renal cell carcinoma and for
treatment planning.

Setlik [13] 2009 RCC 1 Renal cell carcinoma manifesting as a solitary bone metastasis
Xie [29] 2012 RCC, prostate cancer, lung cancer, Unique angiogenic and vasculogenic properties of renal cell carcinoma in a
breast cancer, melanoma xenograft model of bone metastasis are associated with high levels of vegf-a
and decreased ang-1 expression
Pazionis 2014 RCC, thyroid carcinoma 53 Preoperative embolization probably reduces estimated blood loss, particularly
for large tumors and during open femoral procedures.
Stomeo [16] 2015 The prognosis of the patients with acrometastases is poor. Special renal cell

carcinoma; if treated with radical surgical resection and nephrectomy a better
outcome and survival rate shall be expected.
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Table 4: (continued)

Authors Year

Primary carcinoma

Number of

cases

Results

Shankar [14] 2016
Hsieh et al. [3] 2017

Hellbach [25] 2017

Pang [11] 2018
Murphy [7] 2019
Chen [23] 2019
Guillot [27] 2019

Xie GanSheng 2019
[19]

Dong et al. [2] 2020
Migliorini 2020
et al. [4]

Beuselinc [8] 2020

Bian [18] 2020

Dong [10] 2021

Fan [17] 2021

Huang [26] 2021

Ji[5] 2022

RCC
RCC

RCC

RCC
RCC
Gastric cancer
RCC

Prostate cancer

RCC

RCC

RCC

RCC

RCC

RCC

RCC

1

26

123

41

261

168

55

187

43,503

537

107

71,414

Renal cell carcinoma with unusual skeletal metastasis to tibia and ankle
Provide an overview of the biology of RCC, with a focus on ccRCC, as well as
updates to complement the current clinical guidelines and an outline of po-
tential future directions for RCC research and therapy

Dual energy CT-based quantification of iodine content of mRCC metastases
allows for significantly more sensitive and reproducible detection of anti-
angiogenic treatment effects.

Solitary calvarial haemangioma presenting as metastatic renal cell carcinoma
The “flow-void” sign is a common imaging feature within RCC bone metastases.
Bone metastases with multiple fluid-fluid levels from gastric cancer

The incidence of ONJ was high in this real-life population of patients with mRCC
treated with AA therapies combined with dmab.

Pre-treatment plasma fibrinogen is positively associated with bone metastatic
burdenin PCa patients. Our results indicate that fibrinogen might be a potential
predictor of HVD.

MSKCC and IMDC criteria may be used for decision making regarding local
surgery for patients with BM arising from RCC and for predicting the prognosis.
Update current evidence concerning the aetiogenesis, biological behaviour,
and treatment algorithms for painful skeletal metastases.

WB-DWI/MRI allows better estimation of the prognostic impact of BM in mRCC
patients treated with VEGFR-TKIs.

Validated prognostic model incorporates prothrombin time, prothrombin time,
albumin/globulin ratio, platelets, sex and fibrinogen routinely collected from
renal cancer patients, identifying subsets of patients with different survival
outcomes

The comprehensive predictive tool consisting of nomogram and web calculator
contributes to risk stratification which helped clinicians identify high-risk cases
and provide personalized treatment options.

Nomograms were established to predict the risk of BM in RCC and the prog-
nosis of RCC with BM, separately.

We established an integrative prognosis-related nomogram model incorpo-
rating imaging-genomic features and clinical indicators. The IGPF may
contribute to a comprehensive prognosis assessment for ccRCC patients.
Developed models can accurately predict the risk and prognosis of kidney
cancer with bone metastases and contribute to helping improve decision-
making.

[9]. Antczak found that 85% of the patients with RCC bone fractures. The production of plasma fibrinogen typically
metastases experienced SREs at some point in the disease increases during cancer progression, systemic inflamma-
course, but the recent prevalence of SRE-associated hos- tion, trauma, surgery, and vascular thromboembolism
pitalization in patients with RCC bone metastases slightly [18]. Xie et al. found a positive correlation between pre-
decreased, with a concomitant reduction in SRE-related treatment plasma fibrinogen levels and bone metastasis
in-hospital mortality due to the increased use of imaging burden in prostate cancer patients [19]. The imaging
and targeted therapies [17]. Thus, imaging examinations findings of skeletal lesions, such as dilated metastases
play a great role in the discovery of long bone metastases and hemorrhagic lesions, especially in patients with bone
and in preventing the occurrence and development of metastases of unknown origin, can provide valuable
SREs. Bian et al. reported the predictive value of plasma clues to primary renal cell carcinoma or thyroid cancer
prothrombin time, plasma prothrombin time activity, [20]. Early diagnosis and timely treatment can reduce or
albumin/globulin, platelet count, fibrinogen (FIB), and sex prevent SREs, alleviate pain, and improve the quality
for the recurrence-free survival of patients with RCC [18].  of life, such as preventing impending pathological frac-
In this study, only five patients experienced elevated FIB, tures by assigning scores to the location, nature, size, and
of which three (3/5) were accompanied by pathological pain of bone metastases [20].
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The average height-to-width ratio of long bone metasta-
ses of RCC was 1.84. The minimum was 1.11, which was greater
than 1, indicating that long bone metastases tended to spread
along the long bone axis. Toomayan et al. reported that this
might be related to the high-resistance natural barriers in the
extremities, including cortical bone, articular cartilage, major
fibrous septa, tendinous origins, and muscle insertions [21].
Bone metastases of RCC often appeared with the character-
istic of typically expansile osteolytic destruction [3]. In this
study, only two lesions, which were located in the marrow
cavity and had relatively smaller maximum widths of only
23 mm, did not demonstrate expansile bone destruction, so
the characteristics of expansile growth were not demon-
strated. In the early period, the long bone metastases are
small, often located in the marrow cavity, and most are not
detected on the X-ray. CT only demonstrates inhomogeneous
marrow cavity density and can demonstrate bone marrow
metastases before bone destruction occurs [8]. In this group,
no lesion demonstrated normal X-rays or abnormal marrow
cavity density in CT, which might be related to the larger
lesions confirmed by pathological surgical biopsy.

MRI is highly sensitive for detecting bone metastasis as
it has the capability to demonstrate intramedullary metas-
tasis, which usually demonstrates T1 hypointensity and T2
hyperintensity [5, 8]. In these cases, three lesions were
confined to the marrow cavity and demonstrated mixed
signals on T2WI, which were different from the above. The
reason could be that the maximum height of the lesion was
relatively long, and the lesion could be biopsied by surgical
pathology. ccRCC is the most common histologic subtype
and accounts for 70 % of RCC. It may exhibit a variety of
histoarchitectural patterns, including solid, alveolar, and
acinar forms. In addition, ccRCC is highly vascular and can
develop a network of small thin-walled sinusoid-like blood
vessels. Previous studies reported that when the mass was
large, the central areas of hemorrhage, necrosis, and cystic
changes resulted in a typically heterogeneous appearance
on MR images [3, 22]. In these cases, 10 lesions had hetero-
geneous hyperintensity on T2ZWI and fat-suppressed T2WI,
and seven lesions demonstrated soap bubble or honeycomb
hyperintensity on T2WI surrounded by curvilinear hypo-
intense separation. Chen mentioned similar multiple fluid-
fluid levels in gastric cancer bone metastases, which were
considered to be due to hemorrhage in the tumors and may
be found in any form of highly vascular bone neoplasm [23].
However, the cases in our study only demonstrated soap
bubble hyperintensity, which may imply the hemorrhage in
the tumor. The linear hypointense separation in the tumor
was not a bony component and might have been a network
of small thin-walled sinusoid-like blood vessels or a fibrous
separation similar to giant cell tumors [6, 24]. Soap bubble
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hyperintensity and linear hypointense separation could be
helpful in diagnosing long bone metastases of ccRCC.

In this study, in addition to the above, six lesions appeared
as flow voids with a ccRCC pathological type. Choi reported a
similar sign and named it the flow-void sign [6]. Setlik also
reported a case of ccRCC bone metastases with prominent flow
voids in the lesion and thought it might be related to the unique
angiogenesis of ccRCC and its metastasis [13]. Xie et al. devel-
oped a xenograft model to study the unique angiogenic char-
acteristics of bone metastases of RCC [25]. Compared to lung
cancer, breast cancer, RCC, prostate cancer, and melanoma,
ccRCC itself is more likely to promote the formation of tumor
blood vessels due to its significant expression of vascular
endothelial growth factor. The number, diameter, and density
of blood vessels in the lesions and metastases are several times
higher than those of other tumors [25]. Therefore, ccRCC and its
metastases are hypervascular and prone to exhibiting flow
void signs [26]. Pang reported a case of skull metastases of
ccRCC with an initial diagnosis of hemangioma [11]. Therefore,
improving the understanding of the flow-void sign is helpful
for the diagnosis and clinical treatment of bone metastasis of
ccRCC, including anti-angiogenic therapies and immuno-
therapy [6, 27]. The presence of the flow-void sign on MRI
should raise the suspicion of RCC bone metastasis. When
considering biopsy or other interventions for lesions, the flow-
void sign should also be used as an indicator of vascular
overgrowth [7]. Pazionis performed a case-control study and
found that preoperative embolization reduced estimated blood
loss and operative time, particularly for large tumors and
during open femoral procedures [28]. Recent studies showed
that besides using tumor diameter as a criterion for evaluating
treatment effectiveness, measuring the contrast enhancement
of ccRCC may be a more relevant tool for providing informa-
tion on anti-angiogenic treatment responses [29]. Hellbach
et al. found that the quantitative analysis of iodine content in
ccRCC metastatic lesions based on dual-energy CT could
significantly improve the sensitivity and repeatability of anti-
angiogenic treatment effects [29].

Besides solitary plasmacytoma, solitary malignant tumors
can also represent osteosarcoma, chondrosarcoma, and hone
metastasis from lung cancer in the long bone, which should be
differentiated from a solitary LBM of RCC. Long hone solitary
plasmacytoma has been described as single punched-out
osteolytic lesions, diffuse osteopenia, fractures, and rarely,
osteosclerosis. The lesion demonstrates isointensity on TIWI
and hyperintensity on T2ZWI and might form a “mini-brain”
appearance on MR. The mini-brain appearance results from
localized bony destruction with the formation of thickened
trabeculae, which are arranged in a peripheral radial pattern
simulating sulci within the brain [30]. The soft tissue mass is
more uniformly enhanced. Bone scans obtained with 99 mTc
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have resulted in an underappreciation of the extent of the
disease [31]. Primary osteosarcoma in the elderly often occurs
in the distal femur and proximal humerus, with mainly
characteristic appearances of irregular bone destruction,
obvious periosteal reaction, sometimes Codman’s triangle,
and a mineralized soft-tissue mass. The sensitivity of MR for
identifying tumor bone matrix is poor, and the combination of
X-ray and CT is needed to better identify it [31]. Chon-
drosarcoma is often located in the metaphysis of the long bone,
showing expansile destruction, deep endosteal scalloping, and
a classical lobular appearance [32]. The pattern of cartilagi-
nous matrix calcification in the mass might be punctate,
flocculent, or typical ring-and-arc-type [32]. The lesion dem-
onstrates hypointensity on TIWI and heterogeneous hyper-
intensity on T2WI with areas of obvious hyperintensity and
peripheral and septal enhancement. Sometimes this type of
lesion shows rings or amorphous enhanced nodules in the
mass [32]. Solitary long bone metastasis from lung cancer
could also show expansile changes and little soap bubble
hyperintensity on T2WTI [33]. Distinctions between the two
cases still need further study.

This retrospective study had several limitations. First, it
had a small sample size because of the low incidence of LBM.
However, in our experience, the expansile osteolytic
destruction, soap bubble hyperintensity, the flow-void sign,
and other signal characteristics seemed to be typical of LBM
of RCC. Second, due to its retrospective analytic nature and
pathologically confirmed metastatic lesions, selection bias
was inherent as bone metastases may have more complex or
atypical manifestations. The patients in this report were a
selected population, i.e., patients with clear cell renal carci-
noma, and we did not collect other pathological types of
renal cell carcinoma. We hope to share our results, which
will be helpful in diagnosing this disease, but they must also
be verified in further studies using a larger sample size.

LBM of RCC was common in older men and occurred in
the proximal femur and humerus. The lesions tended to
spread along the long bone axis, with mostly expansile
osteolytic destruction, soap bubble or honeycomb hyper-
intensity, and linear hypointense separation. Also, the flow-
void sign might be present in ccRCC metastasis. The above
characteristics could be useful for diagnosing LBM of RCC.
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