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Abstract

Purpose: To characterize Xp11.2 translocation renal cell carcinoma (RCC) using magnetic resonance imaging (MRI) and
computed tomography (CT).

Methods: This study retrospectively collected the MRl and CT data of twelve patients with Xp11.2 translocation RCC
confirmed by pathology. Nine cases underwent dynamic contrast-enhanced MRI (DCE-MRI) and 6 cases underwent CT, of
which 3 cases underwent MRI and CT simultaneously. The MRI and CT findings were analyzed in regard to tumor position,
size, hemorrhagic, cystic or necrotic components, calcification, tumor density, signal intensity and enhancement features.

Results: The age of the 12 patients ranged from 13 to 46 years (mean age: 23 years). T2WI revealed heterogeneous intensity,
hyper-intensity, and slight hypo-intensity in 6 cases, 2 cases, and 1 case, respectively. On DCE-MR images, mild, moderate,
and marked rim enhancement of the tumor in the corticomedullary phase (CMP) were observed in 1, 6, and 2 cases,
respectively. The tumor parenchyma showed iso-attenuation (n=4) or slight hyper-attenuation (n=1) compared to the
normal renal cortex on non-contrast CT images. Imaging findings were suggestive of hemorrhage (n=4) or necrosis (n=8)
in the tumors, and there was evidence of calcification in 8 cases by CT (n=3) and pathology (n=8). On dynamic contrast-
enhanced CT images, 3 cases and 1 case manifested moderate and strong CMP enhancement, respectively. Nine tumors by
MRI and 4 tumors by CT showed prolonged enhancement. Three neoplasms presented at stage |, 2 at stage Il, 3 at stage lI,
and 4 at stage IV according the 2010 AJCC staging criteria.

Conclusions: XP11.2 translocation RCC should be considered when a child or young adult patient presents with a renal
tumor with heterogeneous features such as hemorrhage, necrosis, cystic changes, and calcification on CT and MRI and/or is

accompanied by metastatic evidence.
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Introduction

Renal cell carcinoma (RCC) associated with Xp11.2 transloca-
tion/TFE 3 gene fusion (Xpll.2/TFE 3 RCC or Xpll.2
translocation RCC) is an uncommon subtype of RCC that is
now accepted as a distinct entity according to the 2004 World
Health Organization renal tumor classification [1]. These tumors
are defined by several different translocations in chromosome
Xpll1.2, resulting in gene fusions in the TFE3 gene. Although
some cases have been reported in older patients, Xp11.2/TFE
RCC primarily affects children and young adults, and this
condition is more common in women than men [1-5]. Although
Xpl11.2 translocation RCCs are less common among adult RCCs
than pediatric RCCs, adult Xp11.2 translocation RCCs still out-
number pediatric cases [6]. Macroscopically, Xp11.2 translocation
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RCCs usually manifest tan/yellow and are often accompanied by
necrosis and hemorrhage [7]. The associated histopathologic
characteristics include clear cell carcinoma with papillary archi-
tecture [8]. The most distinctive immunohistochemical feature of
this type of tumor is nuclear immunoreactivity for TFE3 protein
[8,9].

Xpll.2 translocation RCC is typically presented as an
asymptomatic, painless renal mass and is often identified
accidentally by abdominal imaging. Local signs include gross
hematuria, flank pain, or a palpable abdominal mass. Initial
clinical data suggest an indolent clinical course despite advanced
stage. However, recent reports have indicated that adult cases of
Xp11.2 translocation RCC have a more aggressive clinical course,
and the prognosis of these tumors in adult patients is poor
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compared to other types of RCC [10-12]. The liver, lungs, and
retroperitoneal lymph nodes are common sites of metastasis [3].

Radiologic examination may be valuable for the diagnosis of
XP11.2 translocation RCC [13]. However, due to the rarity of
XP11.2 translocation RCC, only a few case reports focusing on its
imaging features are available [11,13-17]. MRI is suggested to be
superior to CT due to the increased soft-tissue contrast and
multiple imaging weights of MRI, which better reveal the
heterogeneous composition (such as hemorrhage or necrosis) of
this type of tumor [18]. However, the macroscopic characteristics
of XPI11.2 translocation RCC are still not well defined by
radiological examination due to the small number of imaging
reports, and MRI examination is extremely rare. As a result, the
noninvasive diagnosis of this type of tumor is difficult, particularly
at the early stage.

This study retrospectively collected a relatively large sample of
cases of Xpl11.2 translocation RCC that had undergone MRI (9
cases) and CT (6 cases) to characterize their imaging features.

Materials and Methods

Ethics statement

This retrospective study was approved by the Institutional
Review Board of The Fudan Cancer Hospital. All patients
provided written informed consent to participate in this study.

Patients

From January 2009 to June 2013, twelve patients with
pathologically proven Xpl11.2/TFE RCC were recruited in this
study. Eleven of the 12 cases were confirmed by partial or radical
nephrectomy and 1 by biopsy (Tables 1-2). One patient died of
intraoperative cardiac arrest. None of these patients had received
treatment with chemotherapy, surgery, or radiation before the
radiological examination. Of the 12 patients, 9 underwent
dynamic contrast-enhanced MRI (DCE-MRI) and 6 underwent
kidney C'T' (only 4 were assessed by dynamic contrast-enhanced
CT). Three patients underwent MRI and CT simultaneously.

CT and MRI examinations

The parameters of the MRI and CT protocols varied due to the
multiple imaging systems used and the retrospective nature of the
study.

MR acquisition. Seven patients were examined with a 3.0 T
whole-body MR system (Signa; GE Medical Systems), and two
patients were examined with a 1.5 T twin-speed superconducting
MR system (GE Signa with EXCITE II) with 5-8 mm slice
thickness and 0.5-2.0 mm gap spacing. MRI sequences included
in-phase (IP, TR =150-230 ms, TE=1.4-2.4 ms) and opposed-
phase (OP, TR=150-240 ms, TE=3.2-4.6 ms) T1-weighted
axial spoiled gradient echo imaging (SPRG) sequences and fat-
saturated T2-weighted axial fast spin echo (FSE) sequences
(TR =3200-4000 ms, TE=78-92 ms). Intravenous dynamic
contrast-enhanced images were obtained in all 9 patients. For
the 3T MRI scanner, dynamic contrast-enhanced images were
acquired using liver acquisition with a volume acceleration
(LAVA) sequence (TR=2.6-3.2 ms, TE=1.2-1.5 ms); for the
1.5 T MRI scanner, dynamic contrast-enhanced images were
obtained using the T1-weighted FSPGR sequence (TR =150-
180 ms, TE=1.4-1.7 ms) with fat suppression. The delay time
was 20 seconds for CMP, 60 seconds for Nephrographic phase
(NP), and 120 seconds for the coronal delayed phase after the
intravenous injection of 15 ml of Magnevist (0.1 mmol/kg; Bayer
Schering, Pharma AG, Berlin, Germany) at a rate of 2 ml/s.
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CT acquisition. Six patients were examined with a mult-
detector spiral CT machine (Sensation 64, Siemens Medical
Systems). Images were obtained at 120 kV and 200 mA with a
collimation of I mm (n=4) or 5 mm (n=>5). In 4 of 6 cases, plain
(non-contrast) and dynamic contrast images were obtained.
Contrast images were acquired in both CMP and NP (n=4) or
Excretory phase (EP) (n=1). In 1 case, only NP images were
acquired, and in 1 patient, only non-contrast C'I' images were
available (patient 9, who also underwent DCE-MRI). The delay
time for the contrast-enhanced C'T images was 30-35 seconds for
CMP, 65-70 seconds for NP and 24 minutes for EP after the
intravenous injection of 90 ml iohexol (Omnipaque 300; General
Electric) at a rate of 3 ml/s.

Image interpretation

The imaging characteristics of MRI and CT were retrospec-
tively analyzed by 2 genitourinary radiologists. Both readers were
aware that all patients had Xp11.2 translocation RCC but were
unaware of the clinical and radiological findings. The images were
reviewed on a picture archiving and communication system
workstation (GE Aw4.3 workstation).

The evaluated parameters included the tumor position and size,
tumor density on unenhanced, CMP, NP or EP CT scans, tumor
intensity on T2WI, TTWI or CMP or NP MRI scans, cystic and
necrotic changes, hemorrhage, calcification, and metastasis.
Readers recorded the size of all renal masses on axial images.
The location of the tumor was defined as medullary, cortical,
exophytic, or renal pelvis, depending on the relationship of the
tumor with the perinephric fat, renal parenchyma, and renal sinus
fat. The presence or absence of a tumor boundary was observed
and evaluated on the contrast-delayed phase as a clearly defined or
poorly defined border. The enhancement pattern of the tumor was
classified as homogeneous or heterogeneous, hypo-intense, iso-
intense, or hyper-intense. The tumor was classified as a solid or
cystic mass depending on the nature of the parenchyma.
Intratumoral hemorrhage was considered present if a mass was
visually hyper-dense relative to the normal renal parenchyma on
non-contrast CT images [19]. Necrosis was defined as the
presence of irregular cavitation on contrast-enhanced images
[19,20].

The region of interest (ROI) was defined in the solid portion of
the mass to avoid partial volume effects [21]. Each 10-mm ROI
was measured 3 times for each image, and the mean value was
used. Intratumoral calcification and cystic or necrotic components
were excluded from the ROI. The density values of the tumor,
normal renal cortex, and medulla were measured on non-contrast
and CMP, NP, or EP CT images. Tumor attenuation on
unenhanced CT images was classified as ‘mildly high’ if >10
HU, ‘high’ if >30 HU, -‘iso-dense’ if equal to the renal
parenchyma, and ‘low’ if <10 HU compared to the normal renal
parenchyma [14].

Advanced-stage disease was considered if the images revealed
an invasion of the renal vein, a local adenopathy, or distant
metastases. Local adenopathy was defined as retroperitoneal nodal
enlargement with a short-axis diameter >10 mm [19]. Based on
the 2010 AJCC staging criteria, all the renal neoplasms presented
at stages I-TV [22].

One primary investigator, Dr. Ding, who was not one of the
readers, collected the data and correlated the findings with all
available clinical, imaging, and histopathological records, includ-
ing findings on follow-up imaging and surgery.
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Results

Clinical and general characteristics of the patients

The patients’ medical records were reviewed to evaluate their
clinical and general characteristics (Table 1). Follow-up informa-
tion was also available for 8 cases (Table 1). The age of these
patients ranged from 13 to 46 years (mean age: 23 years), and the
female to male ratio was 7:5. Of the 12 patients, 3 patients (25%)
were younger than 20 years old, 5 patients (42%) were between 20
and 29 years, 2 patients (17%) were between 30 and 39 years, and
2 patients (17%) were older than 40 years. Most patients (67 %)
were younger than 30 years of age. Using the 2010 AJCC staging
criteria, 3 cases presented at stage I, 2 at stage II, 3 at stage III, and
4 at stage IV.

CT and MRI features

The imaging characteristics of the 12 patients are summarized
in Tables 2 and 3. The representative cases are illustrated in
Figures 1, 2, 3, 4, 5, 6.

The tumor locations included the renal medullary tissue (4
cases, 33%), medullary and cortical tissues (5 cases, 42%),
exophytic (2 cases, 17%) and the renal pelvis (1 cases, 8%). In
the axial view, 9 lesions were irregular (75%), and the remaining 3
lesions were oval (25%). Seven lesions were well defined (58%),
and the remaining 5 were ill defined (42%). All 12 tumors (100%)
were surrounded by a fibrous capsule or a false capsule, of which 3
tumors (25%) were presented with infiltrated capsules (Fig. 3D, H).
Nine Xp11.2 translocation RCCs (75%) manifested heterogeneous
enhancement, and 3 tumors (25%) showed relatively homoge-
neous enhancement. Eight tumors (67%) were suggested to be
accompanied by necrosis and 4 cases (33%) by hemorrhage on
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Table 1. Clinical and general characteristics of the 12 patients with Xp11.2/TFE RCCs.
Regional LN/Capsule/

No./gender/age/side Symptoms and signs *Size(cm) Vessel/M to liver Stages  Surgical approaches Follow-up (months)
1/M/23/R Right lumbar pain and  3.5x3.2 + = /+/— 1] Radical Nx. with para-renal -

gross hematuria pedicle LN dissection
2/F/46/R Right lumbar pain and  3.5x3.5 +H4+— 1] Palliative Nx. -

gross hematuria
3/F/23/R Incidentally detected on  22x20 —/=/=/—= I Radical Nx. 21

us
4/F/15/L Low-grade fever and left 20x16 ++/+— v Radical Nx. Dead

lumbar pain
5/F/29/L Palpable left abdominal 8x7 =/=f=(= Il Radical Nx. 25

mass
6/M/13/L Interval gross hematuria 16x17 +/+/+/cervical LN \% Radical Nx. 2-whole body

and left cervical mass metastases
7/M/33/R Right lumbar pain and  7x5 H=l=f= 1] Radical Nx. with 5

gross hematuria retroperitoneal LN dissection
8/F/25/L Incidentally detected on  3.5x3.5 —/=/=/= | Renal adhesiolysis, partial 2

us resection, fixation
9/F/36/L Gross hematuria 2x2 —/=/=/—= | Urinary tract resection, -

Renal adhesiolysis
10/F/40/L Left lumbar pain 8x7 +/—/—/liver \" Palliative Nx., partial 3-liver, thoracic, lumbar
retroperitoneal LN dissection  vertebra metastases

11/M/28/L Incidentally detected on  4x3 —/=/=/—= | Radical Nx. 10

us
12/M/16/R Right lumbar pain and  6x4.7 +/+/+/liver \% Biopsy -

gross hematuria
*Size: the largest tumor diameter observed on axial scans. LN, lymph node; Nx., nephrectomy. R, Right kidney; L, Left kidney.
doi:10.1371/journal.pone.0099990.t001

plain CT or MRI. There was also evidence of calcification in 3 of
5 CT cases (60%), and 5 of the total 12 cases were confirmed as
having calcification by pathology (Fig. 4G, Fig. 6). Retroperitoneal
adenopathy (7 cases, 58%) (Fig. 2, 5 and 6) and venous invasion (4
cases, 33%) (Fig. 1, Fig. 2 and Fig. 6) were also detected on MRI
or CT.

On TIWI, 4 of the 9 tumors (44%) were slightly hyper-intense
or iso-intense (Fig. 3E, Fig. 4B and 4C), and 5 cases (56%)
demonstrated an iso-high mixed intensity (Fig. 1-2B, C). On
T2WI, 6 of the 9 cases (67%) demonstrated heterogeneous
intensity (Fig. 1, 2 and 4), 2 cases (22%) were hyper-intense
(Fig. 3D), and 1 case (11%) was slightly hypo-intense. On dynamic
contrast-enhanced MRI, 8 of the 9 cases (89%) showed
heterogeneous enhancement (Fig. 1, 2 and 4), and 1 case (11%)
showed slight inhomogeneous enhancement (Fig. 3). On the CMP,
mild and moderate enhancement and marked rim enhancement
were observed in 1, 6, and 2 tumors, respectively, and all 9 tumors
showed prolonged enhancement.

The imaging characteristics of 6 patients who underwent C'T
are summarized in Tables 2 and 3. The solid portion of 5 tumors
that underwent plain CGT showed iso-attenuation (4 cases, 80%) or
slight hyper-attenuation (1 case, 20%) compared to the normal
renal cortex (Fig. 3-6). On enhanced C'T' images, 3 of the 4 tumors
(75%) showed mild to moderate enhancement, 1 tumor (25%)
showed marked enhancement on CMP, and all 4 tumors showed
prolonged enhancement (Fig. 3-5). The density was inhomoge-
neous in 2 cases of plain C'T images and in 3 cases of enhanced
CT images.

June 2014 | Volume 9 | Issue 6 | €99990



MRI and CT Features of XP11.2 Translocation RCC

(3sesyuod-uouy) ute|d ‘sd ‘Apyb

‘s “wjowcmmo‘auwr_ K

-0J919H ‘AlIsudiul-1adAy "-19dAH ‘Ansuaiut-odAy ~odAH ‘Alsuaiulosi “-os| ‘ABojoyied ‘d ‘uonedyidie) ‘) ‘abeyliowsH ~OWwaH paulap:

700¥0666600°3uod'|ewnof/LZgL°0L:10p
-aseyd diydesboiydap ‘dN ‘@seyd Aiejinpawiodiniod ‘diND ‘ueds

‘Al ‘pauIp-||aM ‘M Hejnbai “Bal] :910N

- - - 01919H PN 0I919H PIIN 0J919H +/+/— 121102 AJejinpajy air/|eno (4}
- - - 0J313HS PIIN 0I313HS PIIN -0s| —/(d)+/(d)+ onhydoxg am/[eno L
- - - 0I919H 1eISPON 0J919HS D1LISPOW 19dAHS —/(d)+/(d)+ |e21u0d Asejnpapy am/bau) oL
0J919H 91eISpOoW 0J319H 19dAHS - - 0J319H -05| +/+/(d)+ siAjRd |eusy am/ bau) 6
019)9H 91eISPON 19dAHs 19dAHs 019)3H payie 01919H pasye -0s| (d)+/+/(d)+ Kie|[Inpapy ql/-bau 8
01919 d1eIaPO 01919H 01919H 01919H PIIN - - +/+/(d)+ |ed100 AJejinpapy ql/-bau L
01919H (W) A|paxJey 019)19H 019)19H - - - (d)+/+/+ |ed10D AJejinpapy ql/bau 9
0J919H 1eISPOY 01919H 01919H - - - (d)+/+/+ onAydoxg am/bau S
0I313H 91eISPON 01918H 01919H - - - —/+/+ |ed110D AJejinpay am/6au v
0I919H (W) paxJepy 0J319H 0J319H - - - (d)+/+/+ |ea1u0d Atejnpapy adM/[erO €
0I919H 91eISPOW J9dAH 19dAHS - - - —/—/— Kiejinpapy al/bau 4
01313H PIIN 0dAHs -0s| - - - (d)+/(d)+/— Kie|inpay am/bau L
(suranied/aa163Q) 3uswadueyuz IMZL IMLL dN dD Sd
e)/sISODdN/OWdH uonedo” Um_..vm\wnuﬂ-_m ‘ON

fsuaiu| jeubis YW

(u1dn3ed/93463p padueyul) 1D

'sDDY 341/Z°LLdX yum syusned z| sy jo sonsuaideleyd buibew) *z sjqel

June 2014 | Volume 9 | Issue 6 | €99990

PLOS ONE | www.plosone.org



MRI and CT Features of XP11.2 Translocation RCC

Table 3. HU value of CT attenuation in the 6 patients with Xp11.2/TFE RCCs.

No. Plain images (Cortex/Medulla/Tumor)

CMP (Cortex/Medulla/Tumor)

NP (Cortex/Medulla/Tumor) EP (Cortex/Medulla/Tumor)

37/22/45 204/67/138
35/25/36 -
10  44/53/59 140/80/82
11 36/46/31 119/56/51
12 40/32/41 162/78/67

127/88/64
161/240/108
167/126/101
138/114/76
164/118/82

178//218/100

doi:10.1371/journal.pone.0099990.t003

Histopathologic and immunohistochemical findings

The sizes of the tumors ranged from 2x2 cm to 22x20 cm,
with a median size of 10.25 cm. The histopathologic and
immunohistochemical features of the tumors from 6 representative
cases are shown in Figures 1-6. The tumor cells were polygonal
with voluminous eosinophilic cytoplasm and high-grade nuclear
features. Eleven tumors (92%) demonstrated cystic portions
containing necrosis (11 cases) and hemorrhage (9 cases), 8 tumors
(67%) contained calcifications, 5 tumors presented with capsule
invasion (42%), 6 tumors (50%) demonstrated retroperitoneal
lymph node metastases, and 6 tumors (50%) revealed venous
invasion. Immunohistochemical analysis demonstrated TFE3
nuclear staining in all 12 cases, which supported the diagnosis of
translocation RCC.

Discussion

Clinical characteristics of Xp11.2 translocation RCC
Xpl1.2 translocation RCC is a rare subtype that usually affects
children and adolescents [23-25], with only a few reported adult
cases to date [6,26]. In our study, the age of the patients ranged
from 13 to 46 years (67% were younger than 30 years old), which
demonstrated a greater average age than that in some reports
(median age 13 years) [26,27] while consistent with that in others
[5,8,28]. Thus, the presence of RCC in a child or young adult
should increase the level of suspicion for Xpll.2 translocation
RCC. In our study, the ratio of males to females was 1:1.4 (5:7),
with a slight female predominance, which is consistent with
previous reports [14,27], although different from the male
predominance reported by Dang et al [17]. Little is known about
the clinical behavior of these carcinomas [8]. In our study, the
symptoms in 75% (9/12) of the patients were nonspecific, and the
other 25% (3/12) were detected incidentally. However, most
Xpl1.2 translocation RCC cases were associated with aggressive
clinical course, advanced stage, and relatively poor prognosis in
our study. Most of the patients (58%) were at an advanced stage
(stage III-1V) although the tumors were small. Adult-onset Xp11.2
translocation RCCs, unlike those with onset during childhood,
demonstrate more aggressive clinical course and poorer prognosis,
most likely because majority of the adult patients are diagnosed at
an advanced clinical stage and do not receive effective systemic

therapy [2,27,29].

Imaging characteristics of Xp11.2 translocation RCC

To date, reports on the imaging features of Xpl1.2 transloca-
tion RCCs are very few. Furthermore, most of them have focused
on CT features while only few included MRI [5,6,11,13-17]. In
this study, we analyzed the imaging manifestations of Xpl1.2
translocation RCC using a relatively large sample (9 MRI cases
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Note: Hounsfield units (HU); CMP, corticomedullary Phase; NP, nephrographic phase; EP, excretory phase.

and 6 C'T cases); moreover, the combination of MRI and CT may
provide additional information regarding this type of RCC. These
merits helped to reveal the general imaging features.

First, Xpll1.2 translocation RCCs mainly involved the
renal medullary tissue. Xpl1.2 translocation RCCs originate
from the renal medulla and are within the contour of the kidney
[6]. In our study, most Xp11.2 translocation RCCs were located in
the renal medullary tissue or in both the medullary and cortical
tissues and within the contour of the kidney, suggesting that these
RCCs originated from the renal medulla. The involvement of the
pelvic region is occasionally observed, as in our study (1 case) and
one early case report [6].

Second, the signal intensity on MRI and the density on CT
of Xpll.2 inhomogeneous,
regardless of the tumor size. This may reflect the heteroge-
neous components within the tumors, such as hemorrhage,
necrosis, cystic changes, or calcification [13,17]. In our study,
the CT density of 3 tumors (3/6, 50%) and the MRI signal of 9
tumors (100%) were inhomogeneous. Only a few studies reported
that Xp11.2/TFE RCC presents as a homogenously hyper-intense
or mildly hyper-intense, dense solid tumor on plain CT images
[14]. On plain CT, most of these tumors showed iso-attenuation
or slight hyper-attenuation compared to the normal renal cortex.
Such hyper-attenuation is thought to be due to hemorrhagic or
proteinaceous fluid, densely packed cellular components, or a
combination of these factors [13,16]. MRI provided important
information on the tumor parenchyma. Most tumors present
heterogeneous mixed signal intensity on T2WI or T1WI because
of hemorrhage, necrosis, or cystic changes [17].

translocation RCCs was

Third, most of these tumors appeared as a well-defined
All 12 cases of XP11.2 translocation RCCs demonstrated
complete or near-complete boundaries on MRI/CT (capsule sign),
which was best observed during the delayed phase. On T2WI,
low-intensity capsule signs were also detected, and ill-defined
margins appeared to break the capsule (Fig. 3).

mass.

Fourth, Xpll.2 translocation RCCs are hypo-vascular
tumors and manifest mild/moderate and prolonged
enhancement on CT or MRI. On enhanced CT, most tumors
in the study were moderately enhanced on CMP and showed
prolonged enhancement, and the enhancement of the tumor
parenchyma was lower than that of the surrounding normal renal
cortex. After the intravenous injection of contrast media on MRI,
most tumors (7 of 9) showed heterogeneous enhancement,
presenting with cystic-solid changes due to intra-tumoral hemor-
rhage or necrosis and prolonged enhancement on the solid portion
of the tumors. Additionally, the fibrous capsule revealed a gradual
rim-like enhancement, which was also consistent with a previous
report [13,17]. Peripheral irregular rims were also present in the
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Figure 1. Translocation RCC in a 29-year-old woman (patient 5 in Table 1-2) with a left palpable abdominal mass. A-C, Axial T2WI and
plain (non-contrast) TIWI (B, IP in phase; C, OP out of phase) showing a large, well-defined, irregular mass (T2, high-low heterogeneous signal
intensity; T1, iso-signal intensity) with a large patchy hemorrhage and necrosis in the center of the mass. D-F, CMP and NP gradient-echo MR images
showing heterogeneous and prolonged enhancement of the mass. G, The tumor cells are polygonal, with voluminous eosinophilic cytoplasm

containing a few hyaline nodules and forming a papillary structure (HE 10 & 10).

doi:10.1371/journal.pone.0099990.g001

tumors around the areas of internal necrosis or hemorrhage,
particularly in the larger tumors.

Fifth, calcification is an important concomitant sign of
Xpl11.2 translocation RCCs. In our study, calcifications were
detected in 3 of 5 tumors by C'T, and 8 of the total 12 cases were
confirmed as having calcification by pathology, which was in
agreement with previous reports [6,13]. These calcifications
clearly presented as punctate or patchy on CT but were poorly
detected by MRI (Fig. 4, Fig. 6). However, calcification is not
required to diagnose this subtype, as more than half of the cases
did not demonstrate calcification on pathology; one previous study
also showed no calcification on unenhanced C'T images [14].

Finally, cystic and necrotic changes are usually detected
in Xp11.2 translocation RCCs. One previous report indicated
a unilocular cystic mass with multiple mural nodules on MRI in
the right kidney of a 26-year-old pregnant female with Xp11.2/
TFE RCC [15]. In our study, most of the tumors demonstrated
cystic-solid changes, while none showed such multiple mural
nodules. Another early report has shown that tumors contain
macroscopic focal fat, which is presumed to be the result of
adipose tissue metaplasia [13]. However, no fat component was
demonstrated in any of our 12 tumors.

Differential diagnosis of Xp11.2 translocation RCCs

The differential diagnosis of Xpll1.2 translocation RCCs
includes clear cell RCC (ccRCC), papillary RCC (pRCC),
chromophobe cell RCC (chRCC), collecting duct carcinoma
(CDC) and angiomyolipoma (AML) with minimal fat. Most
subtypes of RCCs occurs more often in mean ages 50 to 60, and it

is rare that patients with Xp11.2 translocation RCCs demonstrate
disease at a later age.

ccRCCs have several distinguishing features, including necrosis
and hemorrhage, which are commonly associated with lymph
node metastasis and renal vein infiltration [23,27,28,30,31],
similar to Xpl1.2 translocation RCCs. However, ccRCCs are
hyper-vascular tumors and exhibit significantly greater enhance-
ment in the CMP [32]. Stronger enhancement equivalent to the
renal cortex is shown only in ccRCCs while not in other subtypes
[33]. However, Xpl1.2 translocation RCCs present as hypo-
vascular tumors with weak prolonged enhancement and clearly
differ from ccRCCs.

There are considerable overlaps in morphology between
Xp11.2 translocation RCCs and pRCCs, as pRCCs also typically
appear hypo-vascular. Homogeneity, small size, regular shape,
low-level enhancement, and peripheral location are indicative of a
well-differentiated pRCC [30,34]. pRCCis typically appear as a
mass with homogeneous low signal intensity on T2WI, possibly
due to cytoplasmic or interstitial histiocytic hemosiderin deposition
in the tumor cells [19,30,35-37]. However, in our study, most
XP11.2 translocation RCCs showed heterogencous signal intensity
on T2WI If pRCCs are poorly differentiated, they can present
with heterogeneous attenuation or signal intensity due to necrosis
or hemorrhage within the tumor [38], which makes the differential
diagnosis with Xp11.2 translocation RCCs difficult.

chRCCs typically localize in the periphery and present as well-
defined, large, solid masses without necrosis or calcification; they
are commonly diagnosed at an early stage [39—41]. In our study,
only 1 case (Patient 9 in Table 3) presented with homogenous iso-

Figure 2. Translocation RCC in a 13-year-old boy (patient 6 in Tables 1-2) with internal gross hematuria and a left cervical mass
(biopsy proved metastases). A-C, Axial T2WI and plain (non-contrast) TIWI (B, IP; C, OP) showing a large, ill-defined, irregular mass (T2, high-low
mixed signal intensity; T1, iso-high mixed signal intensity; liquid-gas surface) with a large, patchy hemorrhage and necrosis in the center of the left
renal mass, without an integrated capsule. Multiple retroperitoneal metastases are detected. D-E, CMP and NP gradient-echo MR images showing
marked enhancement, predominantly in the periphery of the mass. F, Coronal delay phase image showing marked enhancement in the periphery of
the mass, invading the left renal pelvic space and vessels. G, The tumor cells contain hyaline cytoplasm and show aciniform, papillary and micro-
papillary structures (HE 10 & 20).

doi:10.1371/journal.pone.0099990.g002
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Figure 3. Translocation RCC in a 25-year-old woman (patient 8
in Tables 1, 2, 3) with an incidentally detected left renal mass
on US. A, Axial unenhanced CT image showing an ill-defined, slightly
high attenuation of the mass within the left kidney contour. B-C, Axial
CMP and NP contrast-enhanced CT images demonstrating heteroge-
neous and prolonged enhancement of the mass in the left kidney. D-E,
Axial T2WI and plain (non-contrast) TIWI showing an irregular ill-
defined left renal mass with a heterogeneous, slightly high signal
intensity, which seemed to break the capsule. Axial CMP (F) and NP (G)
gradient-echo MR images showing heterogeneous moderate enhance-
ment of the left renal mass. H, Coronal delay phase image showing
delay enhancement of the mass. I, The tumor cells contain hyaline
cytoplasm, eosinophilic cells with papillary structure and psammoma
bodies (HE 10 & 40).

doi:10.1371/journal.pone.0099990.g003

Figure 4. Translocation RCC in a 36-year-old woman (patient 9
in Table 1, 2, 3) with gross hematuria. A-C, Axial T2WI and plain
(non-contrast) TIWI (B, IP in phase; C, OP) showing an irregular well-
defined mass (T2, iso-high mixed signal intensity; T1, slightly high signal
intensity) with a patchy area of cystic necrosis in the left renal pelvis.
Axial CMP (D) and NP (E) gradient-echo MR images showing moderate
heterogeneous enhancement in the left renal mass. F, Coronal delay
phase image showing a delayed-enhancement mass within the contour
of the kidney. G-H, Unenhanced CT images showing a well-defined,
slightly high-density renal mass with mottling calcification. I, The tumor
cells contain hyaline cytoplasm with a papillary structure (HE 10 & 40).
doi:10.1371/journal.pone.0099990.g004
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Figure 5. Translocation RCC in a 40-year-old woman (patient
10 in Tables 1, 2, 3) complaining of left flank pain for
approximately half a year that became more serious 1 month
prior to imaging. A, Axial unenhanced CT image showing an ill-
defined, slightly higher attenuation soft tissue mass in the left kidney.
Retroperitoneal adenopathy is present. B-D, Axial CMP, EP and NP
contrast-enhanced CT images demonstrating moderate and prolonged
enhancement of the mass without an integrated capsule. E, Liver
metastasis with hemorrhage on EP is observed. F, The tumor cells
consist of poorly differentiated clear cells (HE 10 & 40).
doi:10.1371/journal.pone.0099990.g005

attenuation and without calcification on plain CT images, which
was difficult to distinguish from chRCC. chRCCs also present as
hypo-vascular masses, with heterogeneous T2 signal intensity and
homogeneous enhancement [18,40,41]. Some chRCCs show
cystic or necrotic changes in the tumor parenchyma [41,42],
microvascular invasion, local extension, or metastasis, and they are
therefore difficult to distinguish from XP11.2 translocation RCCs
[43].

CDC is a rare subtype of RCCs that is generally located in the
central region of the kidney and typically infiltrates the renal sinus
fat. Most of the Xpll.2 translocation RCCs in our study
originated in the renal medulla, within the kidney contour. A
recent report indicated that the density of Xpll.2 translocation
RCCs on unenhanced CT was greater than that of CDC tumors
[14].

AMLs with minimal fat are generally hyper-vascular. They
typically present with low signal intensity on T2WI and manifest a
homogeneously marked and prolonged enhancement pattern on

Figure 6. A 16-year-old boy (patient 12 in Tables 1, 2, 3) with
XP11.2/TFE 3 confirmed by biopsy. A, Axial unenhanced CT image
showing an ill-defined, irregular, slightly higher attenuation mass with a
bulk of plaque-like calcifications in the right kidney. Retroperitoneal
adenopathy is observed. B-D, Axial CMP and NP contrast-enhanced CT
showing a heterogeneously enhanced mass. E, The liver and porta
hepatis areas and right retroperitoneal multiple lymphoma metastases
are indicated. F, Immunohistochemical analysis demonstrated TFE3
nuclear staining (HE 20 & 10).

doi:10.1371/journal.pone.0099990.9g006
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CT [19,44]. Intra-tumoral calcification can be detected in XP11.2
translocation RCCs, whereas this characteristic is rare in AML.

This study had several limitations. First, because Xpll.2
translocation RCC is an uncommon RCC subtype, selection bias
was inevitable. Second, because this study was retrospective, which
precluded the careful design of the radiological plans, only routine
MRI and CT images were available. Thus, larger samples with
advanced MRI techniques, such as diffusion-weighted imaging,
perfusion-weighted imaging, and MR spectroscopy, are preferred
to improve the imaging diagnostics of this subtype of tumor.

In conclusion, XP11.2 translocation RCC should be considered
when a child or young adult patient presents with a renal tumor
with the following characteristics: (1) located in the renal
medullary tissue; (2) inhomogeneous signal intensity (density) on
plain MRI or CT; (3) a well-defined boundary with a fibrous or
false capsule; (4) mild/moderate and prolonged inhomogeneous
enhancement on C'T or MRI; (5) punctate or patchy calcification;
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