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Abstract
Objectives To characterize imaging features of renal cell car-
cinoma (RCC) associated with Xp11.2 translocation/TFE
gene fusion.
Methods Twenty-one patients with Xp11.2/TFE RCC were
retrospectively evaluated. Tumour location, size, density, cys-
tic or solid appearance, calcification, capsule sign, enhance-
ment pattern and metastases were assessed.
Results Fourteen women and seven men were identified with
12 being 25 years old or younger. Tumours were solitary and
cystic-solid (76.2 %) masses with a capsule (76.2 %); 90.5 %
were located in the medulla. Calcifications and lymph node
metastases were each observed in 24 %. On unenhanced CT,
tumour attenuation was greater than in normal renal parenchy-
ma (85.7 %). Tumour enhancement was less than in normal
renal cortex on all enhanced phases, greater than in normal
renal medulla on cortical and medullary phases, but less than
in normal renal medulla on delayed phase. On MR, the tu-
mours were isointense on T1WI, heterogeneously

hypointense on T2WI and slightly hyperintense on
diffusion-weighted imaging.
Conclusion Xp11.2/TFE RCC usually occurs in young wom-
en. It is a cystic-solid, hyperdense mass with a capsule. It
arises from the renal medulla with enhancement less than in
the cortex but greater than in the medulla in all phases except
the delayed phase, when it is lower than in the medulla.
Key Points
• Xp11.2/TFE RCC was more prevalent in young women.
• On unenhanced CT, Xp11.2/TFE RCC attenuation was
greater than in renal parenchyma.

• Xp111/2TFE RCC arises primarily from the renal medulla.
• Xp11.2/TFE RCC enhancement was less than in the cortex
on all phases.

• Enhancement was greater than in the medulla in arterial and
corticomedullary phase.
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Introduction

The recently identified group of Xp11.2 translocation/TFE
gene fusion renal cell carcinomas (Xp11.2/TFE RCC) affect
approximately 15 % of patients under 45 years old with renal
cell carcinoma [1]. Xp11.2/TFE RCC affects primarily
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children and adolescents, and more commonly women [2–4].
Argani et al. reported that this tumour accounts for approxi-
mately 0.5 % of adult renal cell carcinoma, but 20 % of RCCs
in young people [5]. According to the World Health
Organization (WHO) classification of renal tumours,
XP11.2/TFE RCC is a distinct entity with unique
pathologic/morphogenetic characteristics and biological be-
haviour [6, 7]. It has been associated with prior exposure to
cytotoxic chemotherapy in childhood [8, 9]. Symptoms may
include backache, abdominal pain, abdominal mass,
haematuria and anaemia, but patients are commonly asymp-
tomatic and the tumour is incidentally found. Pathologically,
Xp11.2/TFE RCC originates from the renal medulla, which is
different from the typical clear cell RCC that arises from the
renal cortex.

Although Xp11.2/TFE RCCs have been reported from
pathologic and clinical perspectives, there are only a few pre-
vious reports focusing on their radiological imaging findings.
Recently, serial studies with small sample sizes (5–12 pa-
tients) described imaging findings of Xp11.2/TFE RCC
[10–14]. Two larger sample size CT studies of Xp11.2/TFE
RCC including 19 patients and 20 patients were reported by
Woo et al. [15] and He et al. [16], respectively. CT and MR
imaging features need further clarification/validation. In this
study, we retrospectively investigated CTandMRI findings of
21 cases of Xp11.2/TFE RCC. Our purpose was to character-
ize the imaging features of RCC associated with Xp11.2
translocation/TFE gene fusion.

Materials and methods

Patients

Upon searching the hospital pathology and PACS systems, we
identified 21 patients with pathologically proven Xp11.2/TFE
RCC from the following three hospitals: Affiliated Hospital of
Nanjing University of Chinese Medicine, Subei People’s
Hospital and Nanjing Jinling Hospital. Age, sex, tumour size,
right or left location, surgery or biopsy finding, metastasis
location and clinical symptoms were recorded. Patients with
missing clinical or imaging data for review were excluded.
This multicentre retrospective study was approved by the in-
stitutional review board with waiver of informed consent.

CTand MR imaging technique

Twenty-one patients had CT examinations and three patients
also had anMR imaging. All exams were performed on one of
several MDCT scanners (Somatom Definition, Siemens AG,
Medical Solutions, Forchheim, Germany; Brilliance 64,
Philips Medical Systems, Netherlands; Light Speed VCT,
GE healthcare, USA). An abdominal unenhanced CT and

contrast-enhanced CT scan were performed on 21 patients.
Parameters included detector collimation of 64 × 0.5–
0.625 mm, gantry rotation time of 0.4–0.5 s, tube voltage of
120 kVp, abdominal reference tube current of 160–250 mAs
and a field of view 35–40 cm. All images were reconstructed
from the contrast-enhanced MDCT scan with 0.75 mm slice
thickness and 0.5–5 mm reconstruction increment. Contrast-
enhanced CT scan was started by continuously injecting a
bolus of 80–100 ml of iopromide (300 mg/ml, Schering,
Germany) followed by 40 ml saline solution into an
antecubital vein via an 18-gauge catheter (injection rate
5 ml/s). The enhanced CT scans were performed at 20 s
corticomedullary phase (n=21), 65 s nephrographic phase
(n=21) and 240 s excretory phase (delayed phase, n=11).

MR was performed using a 3.0-T scanner (Siemens,
Magnetom Trio) on three patients. All sequences were ac-
quired with anterior and posterior saturation bands. The trans-
verse planes covered the entire area of the kidneys. Baseline
fast low-angle shot (FLASH) T1-weighted and fast spin echo
T2-weighted breath-hold scans were first obtained. Then, an
additional precontrast turbo-FLASH T1-weighted scan and
diffusion-weighted imaging (DWI) scan were acquired.
After intravenous injection of 0.1 mmol/kg gadolinium
(3.5 ml/s), axial and sagittal turbo-FLASH T1-weighted im-
ages were obtained.

Pathology examination

At surgery and gross evaluation, specimens were assessed for
shape; cystic components; fibrous capsule; invasion into the
renal calyx, pelvis or ureter; and invasion into the renal vein or
inferior vena cava (IVC). Pathological specimens were ob-
served by haematoxylin–eosin staining and immunohisto-
chemical analysis, including for TFE3 nuclear staining,
P504S, EMA and CD10 [17]. Two uropathologists with 5–
10 years of experiences interpreted the specimens. Xp11 trans-
location RCC diagnosis was confirmed by immunohisto-
chemistry using antibodies (Abcam, Cambridge, USA)
against TFE3 (C-terminal part of transcription factor binding
to IGHM enhancer 3). All renal tumours were confirmed to be
Xp11.2/TFE RCC from samples obtained at surgery (n=19)
or biopsy (n=2). Slides were evaluated for growth pattern
(papillary focal glandular, or alveolar), cell shape, architecture
and nuclear grade.

Imaging and statistical analysis

Two genitourinary radiologists analysed the images together,
a process that resulted in a consensus interpretation. The im-
aging parameters included the tumour position, size, cystic
components or necrosis, calcification, tumour attenuation on
unenhanced CT scan, the degree of enhancement (Hounsfield
units, HU) on different phases of the enhanced CT scan,
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lymphadenopathy, perinephric stranding, hydronephrosis,
presence or absence of a clear tumour boundary (capsule
sign), vascular invasion, and metastasis. For MR images,
T1WI and T2WI signal, enhancement pattern and DWI signal
were assayed besides the imaging parameters mentioned
above. Unenhanced tumour HU was classified as mildly high
if greater than 10 HU and high greater than 20 HU compared
to normal renal parenchyma. The tumour was classified as a
solid or cystic mass depending on predominance. The tumour
was divided into solid (without obvious necrotic or cystic
areas), cystic-solid (with solid and cystic components) and
cystic (greater than 75 % of cystic) tumour. The density of
the tumour, normal renal cortex, and medulla were measured
during all enhanced phases. However, intratumoral calcifica-
tion and cystic components if present were avoided. For the
tumour, the measured area (the region of interest, ROI) was
the centre of the mass in order to avoid partial volume effects.
The normal renal cortex and medulla were measured in unin-
volved unilateral renal cortex and medulla. Ten-millimetre
ROIs were measured three times for each phase and the mean
value was used. The enhancement pattern of the tumour was
classified as homogeneous or heterogeneous. The degree of
enhancement was based on the dynamic CT using Hounsfield
unit values of the tumour, renal cortex and medulla.

Statistical analyses used SPSS13.0 statistical software.
Data are expressed as mean ± sd, and count data are expressed
as percentage. Values were compared by ANOVA. P<0.05
was considered statistically significant.

Results

Clinical characteristics

Patient characteristics are shown in Table 1. Among the 21
cases of Xp11.2/TFE RCC, the mean age at diagnosis was 27
±13 years (range 7–65 years). Most of patients were less than
45 years old (90.4 %, 19/21). Twelve patients’ age was less
than 25 years old and one was more than 65 years old. Xp11.2/
TFE RCC was more common in women (66.7 %, 14/21), and
more tumours involved the right kidney (76.2 %, 16/21).
Flank pain, haematuria and palpable mass were found in 11
(52.4 %), 8 (38.1 %) and 5 (23.8 %) out of 21 patients,
respectively.

CT imaging findings

CT and MR imaging findings are shown in Table 2 and
Figs. 1, 2, and 3. Mean tumour diameter was 5.5±2.4 cm
(range 2.1–10.9 cm). Seventeen lesions were oval and four
were irregular in shape. Xp11.2/TFE RCC was located in
the renal medulla (Figs. 1a–f, 2) in 19 cases (90.5 %).
Unexpectedly, two cases (10 %) were located in the renal

cortex (Fig. 3). Five cases (23.8 %, 5/21) had retroperitoneal
lymph nodemetastases, and two cases (9.5%, 2/21) also had a
liver metastasis. Hydronephrosis was not seen in any case.
Clear boundaries defined as a capsule sign were found in 16
cases (76.2 %) on the delayed phase (Figs. 2e, f, 3d) and five
(23.8 %, 5/21) had part of the tumour with a poorly defined
margin.

A solid mass (Figs. 1a, f, 2 and 3) was found in four cases
(19.0 %). Cystic-solid mass (Figs. 1b, c, e, 4) was found in 16
cases (76.2 %). Cystic mass was found in one case (4.8 %). It
was homogeneous (Figs. 1a, f, 2 and 3) in 19.0 % (4/21) of the
cases and heterogeneous with cystic or necrotic components
(Figs. 1b–e, 4) in 81.0 % (17/21) (Table 2). Calcifications
(Figs. 1c, d, 3a) were seen in five masses (23.8 %).

Increased attenuation was found in tumours on pre-
intravenous contrast images in 18 cases (85.7 %, Fig. 1).
The CTattenuation (HU) of XP11.2/TFE RCCwas statistical-
ly significantly greater than in normal renal cortex or normal
renal medulla (49.6±6.4 vs 34.0±1.7 or 30.2±2.1, P<0.05,
respectively) (Table 2). On unenhanced CT, the attenuation of
Xp11.2/TFE RCC was high (>20 HU) in eight cases (38.1 %)
or mildly high (10–20 HU) in ten cases (47.6 %) compared to
normal renal cortex.

Imaging findings on dynamic contrast-enhanced CT scan
are shown in Fig. 4. Enhancement of XP11.2/TFE RCC was
less than in normal renal cortex (P<0.05) and more than in the
medulla (P<0.05) on the cortical phase and medullary phase,
and less than in the cortex ormedulla (P<0.05) on the delayed
phase, respectively.

Table 1 Clinical data of
21 patients Variables Number of subjects

Age (years) 27.0 ± 13.0 (7–65)

>25 9 (42.9 %)

≤25 12 (57.1 %)

Gender

Male 7 (33.3 %)

Female 14 (66.7 %)

Side

Left 5 (23.8 %)

Right 16 (76.2 %)

Flank pain

Yes 11 (52.4 %)

No 10 (47.6 %)

Haematuria

Yes 8 (38.1 %)

No 13 (61.9 %)

Palpable mass

Yes 5 (23.8 %)

No 16 (76.2 %)
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MR imaging findings

Three cases also underwent MRI (Figs. 5 and 6). The Xp11.2/
TFE RCC was isointense on T1-weighted imaging, heteroge-
neous (Fig. 5b) or hypointense (Fig. 6b) on T2-weighted im-
aging and enhanced heterogeneously on contrast-enhanced
imaging (Figs. 5d, e, 6c). Relatively high signal intensity
was seen on diffusion-weighted magnetic resonance imaging
(Fig. 5c). Tumour thrombus in the renal vein (Fig. 5d, f) and
lymph node metastases (Fig. 6d) also could be observed.
Necrotic or cystic components were found in tumours.

Histopathology findings

Tumour cells were arranged in primarily papillary architecture
(n=11, 52.4%) and/or nested pattern with focal glandular and
alveolar patterns. The tumour cells were polygonal with volu-
minous eosinophilic cytoplasm and high grade nuclear fea-
tures (Fig. 7a). Foci of calcifications could be occasionally
observed (Fig. 7b) in six cases. Immunochemistry staining

demonstrated TFE3 nuclear staining in all cases, (++) in nine
cases and (+++) in 12 cases (Fig. 7c).

Discussion

Xp11.2/TFE RCC is a rare RCC subtype characterized by a
number of different translocations involving the Xp11.2 chro-
mosome. Histologically, the most distinctive feature is a car-
cinoma with predominantly papillary architecture composed
of cells with somewhat voluminous, clear or slightly eosino-
philic cytoplasm. The tumour cells strongly express TFE3 in
the nucleus [18–22]. Argani et al. consider presence of TFE3
protein a strong immune marker of Xp11.2/TFE RCC that has
both high sensitivity (97.5 %) and specificity (99.6 %) [5].
Although Xp11.2/TFE RCC has been reported in pathology
studies [5], imaging reports are scant, particularly in combi-
nation with histopathologic examination and MR examina-
tion, and have consisted mainly of case reports [10–14]. Our
data showed that the lesion is located in the renal medulla, is
hyperdense or mildly hyperdense on unenhanced CT, has a
characteristic enhancement pattern on contrast-enhanced stud-
ies and has a clear boundary (capsule sign) on the delayed
phase of contrast-enhanced CT. On MR, the tumours were
isointense on T1-weighted images, heterogeneous or low sig-
nal on T2-weighted images, increased signal on DWI and
enhanced. Two studies have also evaluated characteristics of
CT enhancement primarily [15, 16]. However, calcification
and lymph nodemetastasis were only found in 23.8% of cases
in our study, which is less than in previous studies [14, 15].
Recently, He et al. also found low levels of calcification
(30 %) and lymph node metastasis (15 %) [16], consistent
with our study.

Imaging and surgery results showed that small Xp11.2/
TFE RCC masses were located in the renal medulla, but un-
expectedly two tumours appeared to arise from the cortex.
Thus, ancillary imaging features such as enhancement pattern
and patient age need to be considered for correct diagnosis.
Other RCC types may also involve the renal medulla, e.g.
parts of clear cell carcinoma [23–25], collecting duct carcino-
ma [26, 27], transitional cell carcinoma [28], squamous cell
carcinoma [29], papillary RCC and chromophobe RCC [30]
and renal medullary carcinoma [31, 32]. It is difficult to dif-
ferentiate Xp11.2/TFE RCC from other tumours if only rely-
ing on tumour location. Other characteristics can be helpful.
For example, about 94 % of cortical clear cell RCCs, the most
common subtype, exhibit an expansible appearance with
exophytic growth that disrupts the reniform contour [33] and
enhancement is often similar to the cortex. Collecting duct
RCC usually has no capsule [34]. Transitional cell RCC orig-
inates in the urinary collecting system and may cause
hydronephrosis [35]. Chromophobe RCC may have a spoke-
like pattern in some cases [27]. Renal medullary carcinoma

Table 2 CT imaging findings

Clinical data Value

Size (cm) 5.5 ± 2.4 (2.1–10.9)

Mass location

Renal medulla 19 (90.5 %)

Renal cortex 2 (9.5 %)

Shape

Oval 17 (81.0 %)

Irregular 4 (19.0 %)

Solid and cystic pattern

Solid 4 (19.0 %)

Solid and cystic 16 (76.2 %)

Cystic 1 (4.8 %)

Calcification

Yes 5 (23.8 %)

No 16 (76.2 %)

Unenhanced CT density

High attenuationa 18 (85.7 %)

Iso-, hypo attenuation 3 (14.3 %)

Tumour CT density (enhanced)

Homogeneous 4 (19.0 %)

Heterogeneous 17 (81.0 %)

Capsule sign

Yes 16 (76.2 %)

No 5 (23.8 %)

Lymph node metastasis 5 (23.8 %)

Distant Metastasis 2 (9.5 %)

Renal or inferior vena cava invasion 1 (4.8 %)

aMore than 10Hounsfield units compared with normal renal parenchyma
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usually occurs in young people with sickle cell trait or disease
[31], is hypovascular and shows an infiltrative pattern with ill-
defined border [32]. Attention may also be paid to the attenu-
ation on pre-intravenous contrast CT.

Our result showed that 86 % of Xp11.2/TFE RCCs are
homogenous hyper- or mildly hyperattenuating solid tumours
on unenhanced CT. Woo et al. reported that 68.4 % of masses
were of high attenuation [15] on unenhanced CT. Other

authors reported that the pathologic basis of high density of
a tumour on unenhanced CT was mainly due to intratumoral
haemorrhage (haemosiderin deposition) [18]. The differential
diagnosis of homogenous, slightly high or high attenuation
solid renal mass on unenhanced CT can include clear cell
RCC [23, 25], papillary RCC [24, 36], angiomyolipoma with
minimal fat [37] and oncocytoma [38, 39]. On pre-intravenous
contrast imaging, the Hounsfield units of clear cell, papillary

Fig. 2 Xp11.2/TFE RCC of left kidney in a 7-year-old girl. a
Unenhanced CT scan showed a hyperdense mass (arrow) in the renal
medulla; the density of the mass was 56 HU. b Homogeneous
enhancement (145 HU) was noted during the corticomedullary phase
(arrow). c During the nephrographic phase, the density of the tumour

increased to 164 HU (arrow). d Tumour density decreased to 120 HU
during the early delayed phase, and a clear boundary was revealed
(arrow). e Tumour density decreased to 106 HU during the delayed
phase. f Coronal enhanced imaging on delayed phase shows the renal
cortex involvement and pelvis displacement

Fig. 1 Xp11.2/TFE RCC imaging findings on unenhanced CT images. a
2.0-cm-diameter slight hyperdense renal mass (50 HU) (arrow) compared
with adjacent renal parenchyma (39 HU) in the left kidney of a 65-year-
old woman. The mass is located in the renal medulla and impresses upon
to the renal pelvis. b 6.0-cm-diameter slight hyperdense renal mass (52
HU) (arrow) located in the renal medulla in a 25-year-old-woman.
Calcification and cystic components were found in the mass. c An
8.4 cm-diameter hyperdense renal mass (58 HU) (arrow) in the medulla
with calcifications in a 36-year-old woman. Mass density is

heterogeneous on unenhanced CT images and cystic components or ne-
crosis can be found in the mass. d 3.9-cm-diameter heterogeneously
hyperdense renal mass (46 HU) (arrow) located in the renal medulla in
a 22-year-old woman. Cystic components or necrosis were found in the
mass. e 8.6-cm-diameter slight hyperdense renal mass (34 HU) (arrow)
compared with adjacent renal parenchyma (26 HU) located in the renal
medulla in a 25-year-old woman. f 3.0-cm-diameter slight hyperdense
renal mass (48 HU) (arrow) located in the renal medulla in a 26-year-
old man. Mass density is homogeneous on unenhanced CT images

Eur Radiol (2017) 27:543–552 547



and chromophobe RCC average less than 40 HU [40]; where-
as, it was 49 HU for Xp11.2/TFE RCC. Renal cell carcinomas
larger than 3 cm often contain intratumoral necrosis, haemor-
rhage, cystic components and calcifications [23, 25] and they
are usually of the clear cell variety [41]. Cystic-solid appear-
ance was noted in 76.2 % of XP11/2TFE RCCs in this study.

Two larger studies have evaluated characteristics of CT
enhancement primarily [15, 16]. Woo et al. [15] evaluated
tumour and cortex enhancement and found little difference

in tumour enhancement between the cortical (30–40 s) and
early delayed phases, but less enhancement than the cortex
on both phases. He et al. [16] suggest less enhancement than
the cortex on corticomedullary, nephrographic and early de-
layed phases (180 s), but similar enhancement to medulla on
corticomedullary and less than medulla on nephrographic and
early delayed phases. In this study, we also showed the dy-
namic contrast-enhanced features of Xp11.2/TFE RCC. In
comparison, we found statistically significant fewer enhance-
ments than cortex on corticomedullary phase, nephrographic
phases and delayed phases, but increased attenuation com-
pared to medulla on corticomedullary phases and less attenu-
ation compared to medulla on delayed phase. The differences
in enhancement pattern may be related to timing and patient
population. Our study reports statistically significant differ-
ences to support our findings in enhancement patterns.

Like XP11.2/TFE RCC, some tumours are hypointense
compared to the renal cortex on enhanced CT and MR imag-
ing [23–25, 34, 36, 38, 42], e.g. papillary RCC, collecting duct
RCC, chromophobe RCC, oncocytoma and renal lymphoma.
The majority of papillary RCC show slight enhancement on
all enhanced scan phases [24, 36], which is distinction from
XP11.2/TFE RCC. Kato et al. considered the imaging find-
ings of papillary RCC to be similar to Xp11.2/TFE RCC [18].
However, papillary RCC may be multifocal and bilateral,
tends to be less than 2 cm in size at diagnosis [41],
hypovascular and homogeneous [43]. Recently, Woo et al.
[15] compared imaging findings of Xp11.2/TFE RCC with
papillary RCC and suggested that larger size, more cystic
change or necrosis, presence of calcification and high density
on unenhanced CT imaging may be helpful for differentiating

Fig. 4 Dynamic contrast-enhanced curve of XP11.2/TFE RCC. The CT
values of tumours, normal renal cortex and renal medulla were 49.6 ± 6.4,
34.0 ± 1.7 and 30.2 ± 2.1 Hounsfield units on unenhanced CT images,
respectively. XP11.2/TFE RCC enhancement was less than in normal
renal cortex (n = 21) and more than in the medulla (n = 21) on the
corticomedullary phase and on the nephrographic phase, and less than
in the cortex or medulla (n= 11) on the delayed phase

Fig. 3 Xp11.2/TFE RCC of the
left kidney in a 21-year-old man. a
Unenhanced CT scan showed a
hyperdense mass (arrow) in the
renal cortex, the density of the
mass was 42 HU. b
Homogeneous enhancement (120
HU) was noted during the
corticomedullary phase (arrow). c
During the nephrographic phase,
the density of the tumour de-
creased to 118 HU (arrow). d
Tumour density decreased to 86
HU during the delayed phase, and
a clear boundary was revealed
(arrow)
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XP11.2/TFE RCC from papillary RCC. We found a male to
female ratio of 1:2, greater than 2:3 found by Woo et al. [15],
and we found that the tumour epicentre is almost exclusively
in the medulla (90.5 %). The presence of calcification and
high attention (23.8 %) in our study was very close to that in
papillary RCC (23.1 %) in a previous study [15] and thus may

not be a good distinguishing characteristic. In comparison, the
degree of enhancement of XP11.2/TFE RCC can be higher
than that of collecting duct RCC.

Kato et al. described of Xp11.2/TFE RCC on T2-weighted
signal intensity as hypointense, [18]. In our MR case, slightly
hypointense signal or heterogeneous signal on T2-weighted

Fig. 5 MR imaging findings of Xp11.2/TFE RCC in a 46-year-old
woman. a T1-weighted MR imaging revealed a 7.8-cm-diameter
heterogeneously isointense right renal mass (arrow) with areas of
hyperintensity compared to normal renal tissue. b T2-weighted MRI
shows a mass (arrow) with heterogeneous increased intensity. c
Relatively high signal intensity (arrow) was seen on diffusion-weighted
magnetic resonance imaging (b = 800). d T1-weighted intravenous

contrast-enhanced MR imaging in the corticomedullary phase revealed a
mass (arrow) with heterogeneous enhancement relative to that of the renal
parenchyma. Tumour thrombus was observed in right renal vein (star). e
T1-weighted delayed phase revealed that the mass (arrow) had heteroge-
neously less enhancement relative to the renal cortex. f Coronal delayed
phase showed that themass (arrow) had fewer enhancements relative to that
of the renal cortex. Tumour thrombus was observed in renal vein (star)

Fig. 6 MR imaging findings of Xp11.2/TFE RCC in a 30-year-old
woman. a T1-weighted MR imaging revealed a heterogeneously
isointense right renal mass with areas of hyperintensity. b Transverse
T2-weighted MRI shows a mass (arrow) slightly hypointense relative to
the renal parenchyma. c Transverse T1-weighted enhanced MR imaging
on nephrographic phase revealed a mass (long arrow) with less

enhancement relative to the renal cortex. The hepatic metastasis (short
arrow) was also seen. d Coronal T1-weighted enhanced MR imaging on
delayed phase showed a heterogeneous mass with mild enhancement
(arrow). The hepatic metastasis lesion (short arrow) and retroperitoneal
lymph node metastasis (star) were also seen
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imaging were observed. This is in distinction to many renal
tumours that are hyperintense on T2-weighted imaging, such
as clear cell RCC, some cystic renal tumours, and cysts.
Larger clear cell RCCs tend to have a heterogeneous, hyper-
intense signal on T2-weighted MR imaging, separating them
from Xp11.2/TFE RCC. Other renal tumours that may be
hypointense on T2-weighted MR imaging include papillary
RCC, lymphoma, chromophobe RCC and oncocytoma [37].

Eighteen cases had obvious complete or near complete
boundaries on CT and MR imaging (capsule sign), which
was best seen on delayed phase. This is consistent with the
XP11.2/TFE RCC capsule seen by pathology, and noted by
previous studies [20, 44]. This may be a distinguishing feature
from tumours without a clear boundary such as collecting duct
RCC, poorly differentiated clear cell RCC, poorly differenti-
ated papillary RCC and an inflammatory renal mass. In this
study, we also found that Xp11.2/TFE RCC is more prevalent
in young women. Moreover, 57 % of patients are less than
25 years old. Our data is consistent with some previous studies
[14, 16]. However, Woo et al. showed that the mean age of
patients with Xp11.2/TFE RCC is about 40 years old [15].
The differences may be related to patient population.

In routine clinical work, the rate of correct diagnosis of
Xp11.2/TFE RCC by imaging is low. This is likely due to
both a low incidence and a low level of awareness. A constel-
lation of imaging features can help identify this subset. The
prognosis of RCC is related to the histopathological subtypes
[45]. Thus, the imaging features of Xp11.2/TFE RCC may be
valuable for predicting the prognosis of RCC. In addition, it
has been shown that the incidence of Xp11.2/TFE RCC may
be underestimated because TFE3 nuclear staining is not per-
formed during routine pathological examination [46].
Knowing the imaging features of Xp11.2/TFE RCC is helpful
for improving pathological examination.

The main limitation to our study is that the number of
patients with Xp11.2/TFE RCC is small; however, the number
of cases of Xp11.2/TFE RCC in our study is bigger than any
other series in the radiologic literature. Second, as a

multicentre study, there were mild differences in scanning
parameters among the institutions. In addition, only three pa-
tients underwent MR examinations. The MR features of
XP11.2/TFE RCC need further investigation.

In conclusion, XP11.2/TFE RCC is usually located in the
renal medulla, hyper- or mildly hyperdense on unenhanced
CT, heterogeneously hypointense on T2-weighted MR imag-
ing and slightly hyperintense on DWI; moreover, it is less
enhancing than the cortex on all phases, and more enhancing
than the medulla on all phases except delayed, where it is less
enhancing than the medulla. In addition, XP11.2/TFE RCC
usually has clear boundaries (capsule sign) with low frequen-
cy of calcifications and lymph node metastases. With such
findings, XP11.2/TFERCC should be considered, particularly
in young and middle-aged women.
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