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Purpose: Xp11.2 translocation renal cell carcinoma (Xp11.2 tRCC) is a distinct subtype of 
renal cell carcinoma (RCC) characterized by chromosomal translocations involving TFE3 
gene. TFE3 break-apart fluorescence in situ hybridization (FISH) assay is an effective tool to 
diagnose Xp11.2 tRCC. The aim of this study is to evaluate the correlation between split 
signal pattern in FISH and the clinicopathological characteristics of Xp11.2 tRCC.
Patients and Methods: We reviewed 2037 RCC patients who underwent partial nephrect-
omy or radical nephrectomy from January 2007 to March 2020 in our institution. Forty-nine 
cases were diagnosed as Xp11.2 tRCC and their split signal patterns were evaluated. X-tile 
software was used to determine the optimal cut-off value of the percentage of split signal in 
FISH. Kaplan–Meier analysis and Cox regression analysis were performed to assess the 
relationship between signal pattern of FISH and the prognosis.
Results: Among the 49 patients, 13 patients and 36 patients were classified into high and low split 
signal group, respectively. Nine cases showed extra amplification signal pattern and 40 cases 
showed typical translocation signal pattern. Multivariate analysis demonstrated that high percentage 
of split signal and amplification signal pattern were the independent predictors for progression-free 
survival (PFS) whereas only pT stage was associated independently with overall survival (OS).
Conclusion: Xp11.2 tRCC cases with high percentage of split signals or amplification signal 
pattern may have a worse outcome, and the two indicators need to be highlighted in clinical 
practice.
Keywords: Xp11.2 translocation renal cell carcinoma, TFE3, FISH, amplification, prognosis

Introduction
Xp11.2 translocation renal cell carcinoma (Xp11.2 tRCC), which was first 
described as a clinicopathological entity in 2001,1 is a rare subtype of renal cell 
carcinoma (RCC) associated with translocations of transcription factor E3 (TFE3) 
gene located at the Xp11.2 locus. It was classified as a distinct entity of RCC by the 
World Health Organization (WHO) in 20042 and then included into the micro-
phthalmia (MiT) family tRCCs in the 2016 WHO classification of tumors of the 
urinary system.3 Xp11.2 tRCCs are more frequently seen in children and young 
adults, accounting for approximately 50% of all pediatric RCCs,4 while they 
comprise only 1% of adult cases,5,6 which may suggest a discrepancy of its 
biological properties between adults and children.

The relatively common gene fusions reported initially in Xp11.2 tRCC included 
ASPL (ASPSCR1)-TFE3,1 PRCC-TFE3,7 SFPQ (PSF)-TFE3,8 CLTC-TFE3.9 
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Cases with inversion of chromosome X involving NONO 
(p54nrb)-TFE310 fusion and RBM10-TFE311 fusion were 
reported subsequently due to the improvement of detection 
methods. Infrequent gene fusions such as PARP14, 
KHSRP, LUC7L3, DVL2, MED15, GRIPAP1, ARID1B, 
MATR3 and FUBP1 were only identified in individual 
cases.12–17 Recent researches have reported new fusion 
partners including NEAT1, KAT6A18 and EWSR1.19 

Various histologic patterns including papillary, nested, 
alveolar or tubular architectures have been observed in 
Xp11.2 tRCC harboring different gene fusions.20 

Therefore, more diagnostic evidence is needed for cases 
with suspected morphological features of Xp11.2 tRCC.

The formation of fusion genes results in overexpres-
sion of TFE3 fusion protein, which present with strong 
nuclear expression in immunohistochemistry (IHC).9 

Moderately to strongly positive nuclear immunoreactivity 
of TFE3 is an important clue to the diagnosis of Xp11.2 
tRCCs, while false-negativity and positivity due to differ-
ent technical methods reduce its reliability.21 Fluorescence 
in situ hybridization (FISH) assay is an effective tool to 
identify Xp11.2 tRCCs in most pathology laboratories22 

although it may ignore subtle chromosome inversion in 
RBM10-TFE3 cases.23 The cut-off value of TFE3 break- 
apart FISH to diagnose Xp11.2 tRCC ranged from 
7.15%24 to 20%,25 and the most common threshold was 
set at 10%.17,21,22,26–30 This setting can help identify most 
Xp11.2 tRCCs, but as to cases with indistinct histological 
and immunohistochemical features, borderline results 
should be interpreted with caution.31 Besides, whether 
there is any biological difference between Xp11.2 tRCCs 
with high and low percentage of split signals is 
equivocal.32

In this study, we divided 49 cases of Xp11.2 tRCCs 
into two groups on the basis of the percentage of TFE3 
split signals (%TFE3 split signals) and compared their 
clinicopathologic differences. In addition, we further 
described the heterogeneity of split signal pattern in 
FISH, which may provide experience to understand the 
correlation between clinical features and genetic profile in 
Xp11.2 tRCC.

Patients and Methods
Case Selection
In this study, a total of 2037 consecutive RCC patients 
who underwent partial nephrectomy or radical nephrect-
omy from January 2007 to March 2020 at Nanjing Drum 

Tower Hospital were reviewed. The inclusion criteria for 
analysis were: (1) Suspicious morphological characteris-
tics of Xp11.2 tRCC (papillary, nested, alveolar or tubular 
architectures, abundant clear or eosinophilic cytoplasm 
and psammoma bodies) and/or at least (+) nuclear positiv-
ity with TFE3 IHC and/or positive results in TFE3 break- 
apart FISH. (2) Complete clinical data and follow-up 
information. (3) Archival formalin-fixed paraffin- 
embedded (FFPE) tissues were available. The clinico-
pathological features including age on set, sex, maximum 
tumor diameter, TNM staging, nuclear grade, follow-up 
and clinical outcomes were recorded. The TNM stage and 
nuclear grade were evaluated by the eighth edition of 
AJCC (American Joint Committee on Cancer) staging 
system and WHO/ISUP (International Society of 
Urological Pathology) grading system, respectively. All 
patients were followed up every 3 months during the 
initial 2 years, every 6 months thereafter for 3 years, and 
annually after 5 years until death or loss to follow-up. 
Overall survival (OS) was defined as the duration from 
the initiation of operation to the date of death or the last 
follow-up. Progression-free survival (PFS) was defined as 
the time interval between the date of operation and the 
date of disease progression or last follow-up. Local recur-
rence and distant metastasis were both regarded as disease 
progression.

IHC Staining
TFE3 IHC was performed on four-μm-thick FFPE sections 
of the suspicious Xp11.2 RCC cases. Briefly, the FFPE 
sections were first deparaffinized in a series of xylene and 
hydrated in graded ethanol concentrations. Then, the sec-
tions were treated with 3% H2O2 for 10 minutes at room 
temperature to quench endogenous peroxidase. 
Immunoreaction for TFE3 was performed using the rabbit 
anti-TFE3 monoclonal antibody (ZA-0657, prediluted, 
ZSGB-BIO, Beijing, China) and diaminobenzidine was 
used for visualization. Detailed immunohistochemical pro-
cedures have been reported before.33

The result was evaluated by two experienced patholo-
gists (Xiaohong Pu and Jun Yang) in a semiquantitative 
manner to assess the percentage of positive cells as pre-
viously described:34 negative, <5% tumor cell positivity; 
focal or equivocal (+), <10% tumor cell positivity; mod-
erate (++), 11% to 50% tumor cell positivity; strong (+++), 
>50% tumor cell positivity.
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FISH Assay and Assessment of Split Signals
Three-μm -thick FFPE tissue sections were prepared for FISH. 
The commercial dual-color TFE3 break-apart Probes (LBP, 
Guangzhou, China) and XY chromosome probes (LBP, 
Guangzhou, China) were used to detect TFE3 arrangement 
and chromosome X aneuploidy, respectively. The centromeric 
side of the TFE3 gene was labeled with green fluorescence and 
the telomeric TFE3 gene was labeled with red fluorescence in 
the TFE3 break-apart probe. The chromosome X was labeled 
with green fluorescence and the chromosome Y was labeled 
with red fluorescence in XY chromosome probe. For each 
slide, the tumor region to be probed was first marked by 
a pathologist according to the matched H&E section. The 
tumor tissues were deparaffinized with xylene for 30 minutes, 
washed with absolute ethanol for 10 minutes, and rehydrated 
in 100%, 85%, and 70% ethanol in turn for 3 minutes. Then, 
the sections were digested with 10 μL pepsin (4 mg/mL, 
0.02M HCl; Sigma-Aldrich, Beijing, China) for 5 min at 37 
°C and washed twice in 2× sodium saline citrate (SSC) for 5 
minutes. Subsequently, the tissues were dehydrated by immer-
sing in 70%, 85% and 100% ethanol for 3 minutes each at 
room temperature and then air dried. The probes were applied 
to the tumor region and the slides containing the probe mixture 
denatured at 85°C in a humidified atmosphere for 5 minutes 
and target DNA simultaneously, followed by incubation at 
37 °C overnight for hybridization. The sections were washed 
in 2×SSC for 10 minutes and in 0.1% NP-40/2×SSC for 5 
minutes at room temperature. Five microliter 4,6-diamidino- 
2-phenylindole (DAPI) was applied to counterstain the nuclei 
on each slide. After hybridization, all slides were preserved 
from light at 4°C.

FISH results were observed by an Olympus BX51TRF 
fluorescence microscope (Olympus, Tokyo, Japan) with 
a triple emission filter (DAPI/FITC/TexasRed) and the FISH 
analysis software (Imstar, Paris, France). To minimize subjec-
tive bias, all slides were examined and scored in a blinded 
manner by two pathologists (Xiaohong Pu and Jun Yang). For 
each case, 100 representative tumor nuclei were observed 
under fluorescence microscopy at ×1000 magnification. In 
order to avoid false-positive results, only clear FISH signals 
in nonoverlapping nuclei were included in the count and the 
split signals (the green and red signal) should be separated by 
a distance >2 signal diameter. The normal signal was inter-
preted as one fused signal (or closely adjacent green-red signal) 
in males and two fused signals in females. The positive results 
were defined as followed: (1) TFE3 translocation: For males, 1 
green 1 red signals (1R1G) or 1 green (1G) or 1 red (1R) signal 

resulting from section truncation was considered as positive. 
For females, 1 red,1 green and 1 fusion signal (1R1G1F) or 1 
red 1 fusion signal (1R1F) or 1 green 1fusion signal (1G1F) 
was considered as positive.21,35 (2) TFE3 amplification: The 
main TFE3 break-apart signal pattern was not only the typical 
signal and showed other amplification signals (ie: 2R2G1F). 
Amplification results would be verified by XY chromosome 
probe. According to previous reports,17,21,22,26–30 a positive 
result was considered when >10% of the nuclei in the tumor 
tissue showed split signals. In the positive cases, the percentage 
of split signals and split signal patterns were recorded.

Statistical Methods
Continuous data are presented as median (range) and categoric 
data are presented as number (proportion). To evaluate the 
prognosis under different percentage of split signals, X-tile 
software (Version: 3.6.1, Copyright Yale University 
2003–05)36 was used to investigate an optimal cut-off value. 
Based on the cut-point, all the Xp11.2 RCC cases were divided 
into two groups (high % split signal and low % split signal 
group). Mann–Whitney U-test was performed to analyze the 
distribution of continuous data and the Pearson chi-square test 
or Fisher’s exact test was performed to analyze categorical 
data. Survival data were estimated with Kaplan – Meier 
method, and statistical comparisons between the two groups 
were evaluated with a Log rank test. A Cox proportional 
hazards regression analysis was used to evaluate the indepen-
dent factors that showed significance in the log-rank test. All 
the predictors with P < 0.10 in univariate analysis would be 
included in the multivariate model. A two-sided P < 0.05 was 
considered statistically significant. Statistical analyses were 
performed by SPSS software version 26.0 (SPSS, Inc., 
Chicago, IL, USA) and the survival curves were delineated 
by GraphPad Prism software version 8.0 (GraphPad Software, 
San Diego, CA).

Results
Clinicopathologic Characteristics
Among all these patients, 69 suspicious cases were 
included in the analyses and prepared for TFE3 IHC and 
FISH assay. Of the 69 suspicious cases, a total of 49 
patients were diagnosed as Xp11.2 tRCCs by TFE3 break- 
apart FISH. Among these patients, 21 patients (42.9%) 
were male and 28 patients (57.1%) were female. Their 
ages on set ranged from 7 to 71 years (median, 34 years; 
mean, 36.8 years) and maximum tumor diameter ranged 
from 2.2 to 13 cm (median, 5cm; mean, 5.2 cm). The pT1- 
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Figure 1 Representative images of histopathologic features in Xp11.2 tRCC. 
Notes: (A) Solid-nested architecture, clear to eosinophilic cells with numerous cytoplasm and round nuclei, H&E. (B) Papillary architecture with voluminous clear cells, 
H&E. (C) Psammoma bodies (arrowhead), H&E. (D) TFE3 nuclear strong positivity. Original magnification: × 100 (A–D). 
Abbreviations: H&E, hematoxylin and eosin; IHC, immunohistochemistry.

Figure 2 Typical signal patterns of TFE3 break-apart FISH in Xp11.2 tRCC cases. 
Notes: (A) 1R1G signals in a male case. (B) 1R1G1F signal in a female case. (C) Equivocal 1R1G signals in a male NONO-TFE3 case. (D) Amplification of TFE3 
rearrangement. Original magnification: × 1000 (A–D). 
Abbreviations: R, red; G, green; F, fusion; FISH, fluorescence in situ hybridization.
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pT2 stage and pT3-pT4 stage were observed in 38 (77.6%) 
and 11 (22.4%) patients, respectively. Regional lymph 
node metastasis was found in 12 patients (24.5%) and 37 
patients (75.5%) had no definitive lymph node metastasis 
at surgery. Only one patient had distant metastasis at 
diagnosis while distant metastasis was found in 17 patients 
at presentation.

Pathology Findings
The morphological characteristics of Xp11.2 tRCC vary 
widely. Twelve cases and seven cases mainly showed papil-
lary architecture and solid-nested architecture, respectively. 
Around half of the cases showed variable morphologies. 

Other architecture was shown in 6 cases and psammoma 
bodies were found in 26 cases. Representative histopatho-
logic features were shown in Figure 1. In the evaluation of 
nuclear grade, 23 cases were marked as grade 1–2 and 26 
cases were marked as grade 3–4. As to the IHC results, 7 
cases showed focal or equivocal (+) TFE3 nuclear positiv-
ity, 15 cases showed moderate (++) positivity and 27 cases 
showed strong (+++) positivity. %TFE3 split signals ranged 
from 12% to 89% with a median percentage of 53% and 
a mean percentage of 52.1%. Forty cases showed typical 
translocation signals (Figure 2) and nine cases showed extra 
amplification signals (Figure 3). Main clinicopathologic 
features are summarized in Table 1.

Figure 3 Amplification signal pattern of TFE3 break-apart FISH and XY chromosome FISH in Xp11.2 tRCC cases. 
Notes: A female case showed 2R2G1F/2G1R1F (A) and 3G (B) signals. A male case showed 1R1G/1R1G1F/2F (C) and 2G1R (D) signal. Another case showed multiple 
green and red signals (E) in TFE3 break-apart FISH and multiple green signals (F) in XY chromosome FISH. These results suggested the amplification of TFE3. Original 
magnification: × 1000 (A–F). 
Abbreviations: R, red; G, green; F, fusion; FISH, fluorescence in situ hybridization.
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Analysis of the Optimal Cut-Off Value
To determine the optimal cut-off value of %TFE3 split 
signal, two survival datasets (PFS and OS) were analyzed. 
The optimal cut-point was 74% (P < 0.001) based on PFS 
and 68% (P < 0.001) based on OS. Considering that the 
best cut-point based on PFS was still statistically different 
at 68% (P < 0.001), we decided to set %TFE3 split signals 
= 68% as the optimal cut-point. Then, the whole group 
was divided into high (%TFE3 split signals ≥68%, n = 13) 
and low (%TFE3 split signals <68%, n = 36) split signal 
groups for further study. The analysis of the optimal cut- 
off value is shown in Figure 4.

Clinicopathologic Differences Between 
High and Low Split Signal Groups
In the high % split signal group, the range of %TFE3 split 
signals was 68% to 89%, and the median was 77%. In the low 
% split signal group, the range of %TFE3 split signals was 
12–67% and the median was 44%. There was no statistical 
difference in age (P = 0.313), sex (P = 0.779) and laterality 
(P = 0.232) between high and low % split signal groups. In 
contrast, compared with patients in low % split signal group, 
patients in high % split signal group tended to have larger 
tumor diameter (P = 0.031) and higher pT stage (P = 0.005). 
There was a significant difference in pN stage (P = 0.001) at 
surgery and M stage at presentation (P < 0.001). No statistical 
difference was found in nuclear grade (P = 0.173) and signal 
pattern (P = 0.353). Comparisons between high and low % 
split signal groups are shown in Table 2.

Prognosis Analysis for Survival
The follow-up time of the 49 patients ranged from 5 to 161 
months with a median period of 39 months. During the 
follow-up period, 21 (42.9%) patients were alive without 
evidence of disease, 17 (34.7%) patients were found disease 
progression and 13 (26.5%) patients died of tumor-related 
causes. Kaplan – Meier analysis showed that patients in high 
% split signal group presented with worse outcome for both 
PFS (median PFS: 11 months vs 40 months, P < 0.001) and 
OS (median OS: 30 months vs 42.5 months, P < 0.001) than 
patients in low % split signal group. Compared to cases with 
typical translocation signal pattern, cases with extra amplifi-
cation signal pattern had a worse PFS (median PFS: 12 
months vs 28 months, P < 0.001), but no statistical signifi-
cance was observed in OS (median OS: 36.5 months vs 45 

Table 1 Summary of Main Clinicopathologic Features of the 49 
Xp11.2 tRCC Patients

Item

Age on set, years
Median (range) 34 (7–71)

Mean 36.8 ± 13.0

Sex, n (%)
Male 21 (42.9%)
Female 28 (57.1%)

Laterality, n (%)
Left 22 (44.9%)

Right 27 (55.1%)

Maximum tumor diameter, cm
Median (range) 5 (2.2–13)
Mean 5.2 ± 2.6

pT stage, n (%)
T1–T2 38 (77.6%)

T3–T4 11 (22.4%)

pN stage, n (%)
N0 37 (75.5%)

N1 12 (24.5%)

M stage at presentation, n (%)
M0 32 (65.3%)
M1 17 (34.7%)

Nuclear grade, n (%)
1–2 23 (46.9%)

3–4 26 (53.1%)

Histopathologic feature, n (%)
Papillary architecture 12 (24.5%)

Solid/nested architecture 7 (14.3%)
Other architecture 6 (12.2%)

Variable morphologies 24 (50.0%)

Psammoma bodies 26 (53.1%)

TFE3 IHC, n (%)
+ 7 (14.3)
++ 15 (30.6)

+++ 27 (55.1)

%TFE3 split signals (%)
Median (range) 53 (12–89)

Mean 52.1 ± 20.3

Signal pattern, n (%)
Amplification 9 (18.4%)

Non - amplification 40 (81.6%)

Abbreviations: pT stage, pathological tumor invasion stage; pN stage, pathological 
node metastasis stage; M stage at presentation, metastasis stage at presentation; %TFE3 
split signals, the percentage of TFE3 split signals.
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months, P = 0.168). The survival curves based on %TFE3 
split signals and signal patterns are shown in Figure 5.

For PFS, univariate analysis revealed that tumor diameter, 
pT stage, lymph node metastasis, nuclear grade, %TFE3 split 
signals and FISH pattern were relevant variables, but nuclear 
grade was excluded in the multivariable analysis and tumor 
diameter ≥5cm (P = 0.012), pT3-4 stage (P = 0.009), lymph 
node metastasis (P = 0.031), %TFE3 split signals ≥68% (P = 
0.002) and amplification signal pattern (P = 0.025) were 
proven to be the independent predictors. For OS, age, tumor 
diameter, pT stage, lymph node metastasis, %TFE3 split 
signals were associated with survival in univariate analysis, 
while multivariable analysis indicated that only pT3-4 stage 
(P = 0.009) was the independent predictor of worse OS. The 
univariate analysis and multivariable analysis for PFS and OS 
are shown in Table 3.

Discussion
Over the past few decades, the morphologic spectrum and 
IHC features of Xp11.2 tRCCs have been increasingly 
expanded,17 which made the diagnosis based on morphology 
and IHC can be equivocal. Reverse transcription-polymerase 
chain reaction (RT-PCR) and cytogenetic karyotypic analysis 
are available genetic methods to verify the translocation of 
TFE3, however, RNA degradation and the requirement of 
fresh tumor tissues make it difficult to diagnose Xp11.2 
tRCCs in archival FFPE tissues.25 Next-generation sequen-
cing is a promising diagnostic method which can discover 
new fusion partners,17 but it has not been widely used in 
clinical work. In recent years, TFE3 break-apart FISH has 
gradually become the gold standard to verify the diagnosis of 
Xp11.2 tRCCs.29 However, FISH is usually used to confirm 

Figure 4 Analysis of the optimal cut-off value for %TFE3 split signals by X-tile software. 
Notes: The optimal cut-off value for %TFE3 split signals is automatically chosen by clicking any coloration of the horizontal axis. (A) For OS, the optimal cut-off value is 68%. 
(C) For PFS, the optimal cut-off value is 74%. (B and D) Histogram of the low and high % split signal groups according to the optimal cut-off value of OS and PFS. The aqua 
bars represent the low % split signal group and gray bars represent the high % split signal group. 
Abbreviations: PFS, progression-free survival; OS, overall survival.
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the existence of TFE3 arrangements, the split signals pattern 
was rarely described in clinical practice. To our best knowl-
edge, this study is the first to investigate the clinicopathologic 
characteristics of Xp11.2 tRCCs with difference %TFE3 split 
signals and FISH pattern.

There is a grey area in the FISH result to diagnose 
Xp11.2 tRCC. To determine the threshold of positive 
cases, setting a negative group as control is the common 
method.22,25,27,30 It is useful in most cases while 
a borderline result can be confusing. Calio et al reported 
the coexistence of TFE3 translocation and succinate dehy-
drogenase B (SDHB) mutation. In their study, TFE3 trans-
location was verified by FISH and SDHB mutation was 
verified by next-generation sequencing. However, the four 
cases all showed low %TFE3 split signals (range: 12–19%), 
which lead to the controversy of the FISH result.31 In 
addition, sample quality and fusion type also affect FISH 
results. In our study, three cases initially showed negative 
results in one sample but positive in another, their morphol-
ogy and IHC features are consistent with Xp11.2 tRCC. 
This contradictory result was also reported by Green et al, 
interference of normal stromal cells and poor probe pene-
tration are two possible reasons.22 Cases harboring NONO- 
TFE3 fusion in our cohort were likely to show relatively 
low %TFE3 split signals (range: 12–53%), which may be 
attributed to the subtle split signals resulting from peri-
centric inversion.10 Notably, as the morphological and 
genetic characteristics of Xp11.2 tRCC become abundant, 
more accurate diagnostic methods should be adopted, espe-
cially for those undetermined cases.

In our previous study, we have demonstrated that con-
ventional nuclear grading systems (Fuhrman and WHO/ 
ISUP grading system) were not suitable to evaluate the 
prognosis of Xp11.2 tRCC.37 Considering that Xp11.2 
tRCC was defined on a genetic basis rather than morpholo-
gical feature, prognostic indicators based on genetics needs 
further exploration. Hence, we attempt to utilize %TFE3 
split signals to assess the prognosis and compare the differ-
ence between high split signal group and low split signal 
group. As it is generally considered that TFE3 rearrange-
ment is the key driver event in tumorigenesis,38 we believe 
that %TFE3 split signals in FISH can represent the biolo-
gical behavior of tumors to some extent. In our cohort, after 
the population was divided into two groups at 68%, there 
were significant differences in maximum tumor diameter, 
pT stage, lymph node metastasis, distant metastasis and 
AJCC stage between the two groups, and the PFS and OS 
of the high % split signal group decreased significantly, 
suggesting the potential of this index as a prognostic factor.

In addition to the mechanism of TFE3 translocation, 
TFE3 amplification is not uncommon in Xp11.2 

Table 2 Clinicopathologic Differences Between High and Low % 
Split Signal Groups

Item High % 
Split 
Signal 
Group 
(n=13)

Low % Split 
Signal Group 
(n=36)

P value

Age on set, years 0.313
Median (range) 36 (22–62) 30.5 (7–71)

Sex, n (%) 0.779
Male 6 (46.2) 15 (41.7)

Female 7 (53.8) 21 (58.3)

Laterality, n (%) 0.232
Left 4 (30.8) 18 (50)
Right 9 (69.2) 18 (50)

Maximum tumor 
diameter, cm

0.031a

Median (range) 6 (2.3–13) 3.95 (2.2–12.4)

pT stage, n (%) 0.005a

T1–T2 6 (46.2) 32 (88.9)
T3–T4 7 (53.8) 4 (11.1)

pN stage, n (%) 0.001a

N0 5 (38.5) 32 (88.9)

N1 8 (61.5) 4 (11.1)

M stage at 
presentation, n (%)

< 0.001a

M0 2 (15.4) 30 (83.3)

M1 11 (84.6) 6 (16.7)

AJCC stage, n (%) < 0.001a

I–II 3 (23.1) 30 (83.3)
III–IV 10 (76.9) 6 (16.7)

Nuclear grade (n, %) 0.173
1–2 4 (30.8) 19 (52.8)

3–4 9 (69.2) 17 (47.2)

Signal pattern, n (%) 0.353

Amplification 4 (30.8) 5 (13.9)
Non-amplification 9 (69.2) 31 (86.1)

Note: aStatistically significant. 
Abbreviations: pT, pathological tumor invasion stage; pN, pathological node 
metastasis stage; M stage at presentation, metastasis stage at presentation; AJCC, 
American Joint Committee on cancer.
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tRCC,22,25,39 which can be reflected as an atypical split 
signal in FISH. In our study, nine cases present with 
unusual FISH pattern using TFE3 break-apart probe, 
which was confirmed by XY chromosome probe. Among 
these cases, four female cases showed additional green, 
red or fused signal (2R2G1F/2R1G1F/1R1G2F), two male 
cases showed additional green or fused signal (1R2G/ 
1R1G1F) and three cases showed multiple signals. Our 
survival analysis revealed that these cases with amplifica-
tion signals tend to have a worse PFS although there was 
no significant difference in OS. A reasonable explanation 
for this result is that some patients have short follow-up. 
Another interpretation is that even if there is a lymph node 
metastasis, young patients are likely to have a better 
prognosis.40 Macher-Goeppinger et al reported eight 
cases with TFE3 overexpression caused by amplification, 
and these cases had worse cancer-specific survival than 

those caused by TFE3 translocation.39 Pan et al detected 
four cases with high gene copy number alterations (CNAs) 
by array comparative genomic hybridization (aCGH), and 
high-CNA group may have more aggressive behavior than 
low-CNA group.41 Therefore, we speculated that among 
these cases with TEF3 overexpression, TFE3 translocation 
is not the only driving mechanism leading to worse prog-
nosis, which is also likely to be the result of chromosome 
amplification.

There are many potential factors that can be used to 
predict the prognosis of Xp11.2 tRCC. Older age and 
distant metastasis have been proven to be two independent 
adverse prognosis predictors6,42 whereas they are applic-
able to many tumors and not specific to Xp11.2 tRCC. 
Interestingly, although lymph node metastasis at an early 
stage was often observed in pediatric cases, Xp11.2 tRCCs 
in these patients showed an indolent clinical course. In 

Figure 5 Survival curves based on %TFE3 split signals and signal pattern. 
Notes: (A) PFS analysis of high % split signal vs low % split signal. (B) OS analysis of high % split signal vs low % split signal. (C) PFS analysis of non-amplification signal pattern 
vs amplification signal pattern. (D) OS analysis of non-amplification signal pattern vs amplification signal pattern. 
Abbreviations: %TFE3 split signals, the percentage of TFE3 split signals; PFS, progression-free survival; OS, overall survival.
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contrast, adult patients tend to have a more aggressive 
process.43 Molecular markers such as ASPL-TFE3 
fusion42 and microRNA-204-5p44 have not been demon-
strated to have a prognostic value. In our Cox proportional 
hazards model, apart from conventional indicators like 
larger tumor size, pT stage and lymph node metastasis, 
%TFE3 split signals and amplification signal pattern can 
also indicate worse PFS. To our disappointment, only 
advanced pT stage indicated shorter OS in multivariable 
analysis.

Our study has some certain limitations. Firstly, because 
of the rarity of Xp11.2 tRCC, selection bias may be pre-
sent due to the retrospective design and the small sample 

size. Secondly, insufficient follow-up period in some 
patients can affect the observation of the endpoint, further 
research with longer follow-up periods to assess the survi-
val time. Thirdly, the determination of cut-off value may 
not be universal in different laboratories due to the differ-
ence in experimental conditions. Despite these limitations, 
a detailed description of TFE3 split signal pattern may 
provide available prognostic information of Xp11.2 tRCC.

Conclusions
In conclusion, this study demonstrated that high percen-
tage of TFE3 split signals and amplification FISH pattern 
are two potential indicators of poor prognosis, especially 

Table 3 Prognostic Factors of PFS and OS in Xp11.2 tRCC Patients

Items PFS OS

Univariate Multivariate Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age on set

< 35 years 1.00 – – 1.00 1.00

≥ 35 years 1.991 (0.719–5.513) 0.185 – – 6.053 (1.588–23.064) 0.008a 4.558 (0.742–28.010) 0.102

Sex

Male 1.00 – – 1.00 – –

Female 1.062 (0.398–2.834) 0.905 – – 0.822 (0.273–2.476) 0.728 – –

Laterality

Left 1.00 – – 1.00 – –

Right 0.883 (0.334–2.336) 0.802 – – 0.792 (0.259–2.414) 0.681 – –

Maximum tumor 

diameter

< 5 cm 1.00 1.00 1.00 1.00

≥ 5 cm 4.415 (1.427–13.653) 0.010a 8.288 (1.601–42.913) 0.012a 6.366 (1.404–28.872) 0.016a 6.769 (0.758–60.447) 0.087

pT stage

T1–T2 1.00 1.00 1.00 1.00

T3–T4 9.860 (3.640–26.707) < 0.001a 7.557 (1.663–34.344) 0.009a 10.034 (3.039–33.123) < 0.001a 7.919 (1.689–37.137) 0.009a

pN stage

N0 1.00 1.00 1.00 1.00

N1 10.953 (3.665–32.737) < 0.001a 4.018 (1.132–14.257) 0.031a 9.891 (2.779–35.205) < 0.001a 6.010 (0.748–48.282) 0.092

Nuclear grade

1–2 1.00 1.00 1.00 – –

3–4 3.306 (1.076–10.161) 0.037a 4.875 (0.911–26.083) 0.064 2.242 (0.685–7.334) 0.182 – –

%TFE3 split signals

Low (< 68%) 1.00 1.00 1.00 1.00

High (≥ 68%) 16.301 (4.980–53.353) < 0.001a 13.469 (2.578–70.358) 0.002a 12.719 (3.390–47.714) < 0.001a 2.437 (0.481–12.341) 0.282

Signal pattern

Non - amplification 1.00 1.00 1.00 – –

Amplification 4.936 (1.879–12.967) 0.001a 5.415 (1.240–23.648) 0.025a 2.163 (0.703–6.657) 0.179 – –

Note: aStatistically significant. 
Abbreviations: pT stage, pathological tumor invasion stage; pN stage, pathological node metastasis stage; %TFE3 split signals, the percentage of TFE3 split signals.
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for PFS. Complex split signals in FISH may indicate 
chromosome aberrations other than TFE3 translocation, 
which needs to be verified in future studies. It is necessary 
to note the main signal patterns and their percentage in the 
report for clinical practice.

Abbreviations
Xp11.2 tRCC, Xp11.2 translocation renal cell carcinoma; 
TFE3, transcription factor E3; WHO, World Health 
Organization; MiT, microphthalmia; IHC, immunohisto-
chemistry; FISH, fluorescence in situ hybridization; % 
TFE3 split signals, the percentage of TFE3 split signals; 
AJCC, American Joint Committee on Cancer, ISUP, 
International Society of Urological Pathology; OS, overall 
survival; PFS, progression-free survival; SSC, sodium sal-
ine citrate; DAPI, 4,6-diamidino-2-phenylindole; SDHB, 
succinate dehydrogenase B; CNAs, copy number altera-
tions; aCGH, array comparative genomic hybridization.
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