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Abstract

Objective: The objective was to derive and validate a practical scoring system for preoperative
diagnosis of Xp11.2 translocation renal cell carcinoma (RCC) in adults.

Methods: Epidemiology, symptomatology, and imaging methods were correlated between
patients with common RCC and those with Xpl 1.2 translocation RCC using a derivation
study (N =6352) and a validation study (N = 127). Univariate analysis of risk factors was per-
formed to derive a scoring system to predict the occurrence of Xpl .2 translocation RCC in
adults. The Hosmer—Lemeshow goodness-of-fit test and receiver operating characteristic (ROC)
curve were used to validate the scoring system.

Results: Based on odd ratios, three low-risk factors (sex, gross haematuria, and intratumoural
calcification) and three high-risk factors (age, unenhanced computed tomography density, and
enhancement pattern) were given weighted scores of | and 2, respectively. Patients who scored 3
to 5 points underwent an additional magnetic resonance imaging examination. The final scoring
system had a sensitivity of 81.0% and a specificity of 98.0%.

Conclusion: We established a practical scoring system for the preoperative diagnosis of Xp11.2
translocation RCC in adults, which can be optimised through further clinical findings in the future.
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Introduction

Renal cell carcinoma (RCC) with an Xp11.2
translocation is a distinct entity of renal
tumours, and it is associated with Xpl1.2
translocation/transcription factor E3
(TFE3) gene fusions that result in overex-
pression of the TFE3 fusion protein." This
type of RCC is more likely to develop in
children and young adults, affecting 46.7%
of paediatric patients, 15% of patients aged
<45 years, and 1% to 1.6% of adult patients
with RCC.>” Although the incidence of
Xpl1.2 translocation RCC in paediatric
patients is higher, the number of paediatric
patients is much lower than the number of
adult patients with RCC.°

Xpll.2 translocation RCC is different
from common RCCs and has a poor prog-
nosis because a large number of cases
involve local invasive disease or distant
metastases.” '® Although there is no con-
sensus regarding the treatment of Xpll.2
translocation RCC, some experienced
researchers have contended that radical
therapies should be adopted to reduce the
risk of residual or recurrent tumours.’
However, owing to the lack of preoperative
prediction methods, treatment options for
Xpl11.2 translocation RCC are extrapolated
from the European Association of Urology
(EAU) guidelines for common RCCs."!
Given the rarity and distinctive features of
paediatric Xpl1.2 translocation RCC, no
paediatric cases were included in our
study.'> Thus, our study was designed to
derive and validate a practical scoring
system to predict the outcome of latent
Xpll.2 translocation RCC in adults
before surgery.

Methods

Ethics statement

This study was approved by the Ethics
Committee of Nanjing Drum Tower
Hospital, The Affiliated Hospital of
Medical School of Nanjing University.
This study involved a retrospective review
of medical records only; therefore, no
informed consent was necessary.

Derivation study by literature search

We conducted an electronic search in
PubMed for literature published between
January 2010 and December 2018 to
increase the sample size of the derivation
study. The initial search term for the nega-
tive group was “renal cell carcinoma,” and
the initial search keywords for the positive
group were “TFE3” or “Xpl1.2 transloca-
tion RCC.”

Subsequently, two authors (Qiancheng
Shi and Ning Liu) independently reviewed
the abstracts of all candidate articles; full-
text review was considered when the articles
could not be categorised based on the title
and abstract alone. Studies that fulfilled
the following criteria were included. (1)
Studies that contained at least one case of
Xpl1.2 translocation RCC or two types of
common RCC. The selection criteria for the
common RCC included clear cell RCC,
papillary RCC, chromophobe RCC, and
eosinophilic RCC, following the 2019
EAU guidelines.'' (2) Studies that reported
imaging findings (including computed
tomography [CT], magnetic resonance
imaging [MRI], or urinary ultrasound) or
clinical manifestations (including sex, age,
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and symptoms) of the patients. (3) Studies
in which the diagnosis of all cases with
Xpll1.2 translocation RCC was confirmed
using an immunohistochemical (IHC)
assay for TFE3, fluorescence in situ hybrid-
isation (FISH) assay, or other strict criteria.
The exclusion criteria included patients <18
years of age and duplicate studies by the
same institution.

In total, the derivation study comprised
6352 cases, including 532 cases of Xpll1.2
translocation RCC and 5820 cases of
common RCCs from 88 studies (Figure 1).
The list specifying all included studies can
be found in Supplementary Table 1.

Validation study by clinical review

Clinical data from consecutive patients who
underwent radical or partial nephrectomy at
the Nanjing Drum Tower Hospital from
January 2010 to December 2018 were retro-
spectively reviewed. After excluding cases
with insufficient medical records or severe
systemic disease, 27 cases of Xp11.2 translo-
cation RCC and 100 cases of common RCC
were randomly selected to constitute the val-
idation group (Figure 1). All cases with
Xpl11.2 translocation RCC were diagnosed

using THC for TFE3 and FISH assay.'>'
The complete clinical data of those patients
can be found in the Supplementary Table 2.

Statistical analyses

Statistical analyses were conducted using
SPSS Statistics software (version 24.0.0.0;
IBM Corp., Armonk, NY, USA). For uni-
variate analysis, continuous variables were
analysed using Student’s ¢-test, and categor-
ical variables were analysed using the y* test
or Fisher’s exact test. Covariates showing a
significant association in the univariate
analysis underwent additional binary logis-
tic regression analysis to identify possible
covariates as significant predictors of
Xpl1.2 translocation RCC. Odds ratios
(OR) and 95% confidence intervals (Cls)
were calculated to estimate the relative
risks. The calibration of this system was
evaluated using the Hosmer—Lemeshow
goodness-of-fit test. The cut-off value for
total score was defined based on the receiv-
er operating characteristic curve, and
p<0.05 was considered to indicate statisti-
cal significance. Statistical values described
as mean =+ standard deviations.

Studies published between January 2010
and December 2018 searched on PubMed

RCCs identified between January 2010 and
December 2018 at Nanjing Drum Tower

v v

v v

Containing at least two
types of common RCCs
with imaging findings or
clinical manifestations
(16 studies)

Containing at least

one case of Xp11.2

translocation RCCs
(72 studies)

Chromophobe RCCs (N=5)
Other common RCCs (N=5)

Xp11.2 translocation
RCCs identified in
the archives of the

Department of
Pathology (N=27)

Clear cell RCCs (N=80)
Papillary RCCs (N=10)

v v v v
Patients over 18 Patients over 18 Negative control group Positive control group
years old (N=5820) years old (N=532) (N=100) (N=27)
v v v v

Derivation study (N=6352)

Validation study (N=127)

Figure |. Patient selection flowchart of the derivation study and the validation group.

RCC, renal cell carcinoma.
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Results

Clinical manifestations

Of 6352 cases, 63.6% were men and 36.4%
were women (Table 1). The age of onset
ranged from 18 to 84 years (mean 57.77 +
12.3 years). Regarding the clinical manifes-
tations, 79.5% of patients presented with

Table |. Baseline characteristics of 6352 patients
with RCC.

Characteristic No. (%)
Age (years) 57.77 £ 123
Sex
Male 4039 (63.6)
Female 2313 (36.4)
Gross haematuria
No 153 (20.5)
Yes 595 (79.5)
CcT
Intratumoural calcification
No 1256 (74.8)
Yes 317 (25.2)
Heterogeneous
No 291 (48.1)
Yes 314 (51.9)
Unenhanced CT density
High attenuation 82 (49.7)
Iso-, hypoattenuation 83 (50.3)
Enhancement pattern
Less in and slow out 76 (36.0)
Other 211 (64.0)
MRI
T |-hypointensity
No 102 (35.4)
Yes 186 (64.6)
Urinary ultrasound
Hyperechogenicity 245 (60.2)
Other 162 (39.8)

Urinary contrast-enhanced ultrasound
Early phase enhancement

No 72 (17.6)

Yes 337 (82.4)
Delayed phase enhancement

No 162 (39.6)

Yes 247 (60.4)

RCC, renal cell carcinoma; CT, computed tomography;
MRI, magnetic resonance imaging.

gross haematuria. Based on imaging find-
ings, 25.2% of RCCs showed intratumoural
calcification, 51.9% showed heterogeneity,
and 49.7% showed high attenuation in
unenhanced CT. Persistent enhancement
could be seen in 36.0% of RCCs. Xpll.2
translocation RCC tumours demonstrated
mildly increasing attenuation in the cortico-
medullary phase and prolonged enhance-
ment in the nephrographic and excretory
phase, as described in our previous
study.'”> We named this “less in and slow
out,” which was different from the “fast in
and fast out” pattern of clear cell RCC.
MRI revealed that 64.6% of RCCs
showed T1-hypointensity, whereas 60.2%
showed hyperechogenicity by urinary ultra-
sound. Additionally, 82.4% of RCCs
showed early phase enhancement, and
60.4% of RCCs showed delayed phase
enhancement in urinary contrast-enhanced
ultrasound.

Risk factors for adult Xp | 1.2
translocation RCC

Univariate analysis revealed the following
seven independent risk factors for adult
Xpl1.2 translocation RCC: age, sex, gross
haematuria, intratumoural calcification,
unenhanced CT density, CT enhancement
pattern, and MRI T1 unenhanced signal
(all p<0.01) (Table 2). Based on ORs,
these factors were divided into low-risk
factors (OR <10) and high-risk factors
(OR >10).

Scoring to predict adult Xp! 1.2
translocation RCC

Low-risk factors were given a score of
+1, and high-risk factors were given a
score of 42 (Supplementary Table 3).
We named this the G Scoring System,
wherein “G” refers to the first letter of
the Nanjing Drum Tower Hospital (Gu
Lou) in Chinese.
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Table 2. Univariate analysis of risk factors for Xpl 1.2 translocation RCCs
Xpll.2
Common  translocation ~ Odds
Risk factor RCCs RCCs ratio 95% ClI p-value
Age (years) 26.16  20.87-32.79  <0.001
<50 775 426
>50 5045 106
Sex 2.47 2.06-2.95 <0.001
Male 3808 231
Female 2012 301
Gross haematuria 2.39 1.66-3.46 <0.001
No 440 155
Yes 83 70
CT
Intratumoural calcification 4.74 3.23-6.95 <0.001
No 1197 59
Yes 257 60
Heterogeneous 1.06 0.63-1.78 0.836
No 261 30
Yes 280 34
Unenhanced CT density 33.76 12.22-9330  <0.001
High attenuation 5 77
Iso-, hypoattenuation 57 26
Enhancement pattern 43.16 19.03-97.88 <0.001
Less in and slow out 26 50
Other 202 9
MRI
T |-hypointensity 5.66 2.16-14.81 <0.001
No 97 5
Yes 144 42
Urinary ultrasound 1.08 0.44-2.66 0.870
Hyperechogenicity 154 8
Other 232 13
Urinary contrast-enhanced ultrasound
Early phase enhancement — — —
No 71 0
Yes 315 22
Delayed phase enhancement 0.84 0.36-1.97 0.696
No 152 10
Yes 234 13

RCC, renal cell carcinoma; CT, computed tomography; MRI, magnetic resonance imaging.

Verification and optimisation of the G
Scoring System

The calibration and discrimination ability
of the initial scoring system was examined

using the validation study. The Hosmer—
Lemeshow goodness-of-fit test showed

that R?=0.725 and p>0.05, confirming
that the difference between the predicted
and actual probability of the system was
not significant (Figure 2a). These results
confirmed that the initial scoring system
was reliable in terms of calibration ability.
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The total score of the seven indicators
ranged from 0 to 10, and the sensitivity
and specificity of the prediction for the G
Scoring System within this range were ana-
lysed to determine the minimum total
score by which Xpll.2 translocation
RCC could be diagnosed. When the cut-
off score was set at 4, sensitivity of 88.9%
and specificity of 93.0% were obtained
(Figure 2b). The area under the curve
(AUC) was 0.962, and the 95% CI
ranged from 0.930 to 0.994. We then com-
pared two other scoring methods, one

where each factor was given a score of
+1 equally (score=1) and another in
which each factor was given a score corre-
sponding to the ORs (score=0d). The
AUCs for score=1 and score=0d were
0.944 and 0.968, respectively, as shown
in Figure 2. Although score=0Od had a
larger AUC, its total score ranged from
0 to 111.21, which is more complicated
and inconvenient for clinical application.
Therefore, we concluded that the G
Scoring System had a higher diagnostic
value under the existing conditions.
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Figure 2. Statistical analysis of the initial and revised G Scoring System. (a) Calibration plot of the Hosmer—
Lemeshow goodness-of-fit test for the initial G Scoring System (R* = 0.725, p = 0.734); (b) ROC curve of the
initial G Scoring System and 2 other criteria (AUC of the G-Score: 0.962, and 95% Cl: 0.930-0.994); (c)
calibration plot of the Hosmer—Lemeshow goodness-of-fit test for the revised G Scoring System
(R*=0.902, p =0.721); (d) ROC curve of the revised G Scoring System (AUC = 0.960, 95% Cl: 0.927—

0.993).

ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval; Score=I,
each factor was given a score of + | equally; Score=0d, each factor was given a score corresponding to the

odds ratio.



Shi et al.

Because the EAU guidelines do not rec-
ommend MRI as an efficient diagnostic
procedure for RCC, we expected a lower
score without MRI findings. Therefore,
MRI findings were removed from the initial
scoring system and changed into a second-
ary indicator to identify the critical-risk
group; three low-risk factors (female sex,
gross haematuria, and intratumoural calci-
fication) were given a score of +1, and three
high-risk factors (age <50 years, high atten-
uvation on unenhanced CT density, and
“less in and slow out” CT enhancement pat-
tern) were given a score of +2. The total
score of the new system ranged from 0 to
9. The Hosmer—Lemeshow goodness-of-fit
test indicated that R*=0.902 and p > 0.05,
demonstrating that the revised system was
more reliable for calibration (Figure 2c¢).
When the cut-off score was set at 4, we
obtained a sensitivity of 85.2% and a spe-
cificity of 94.0% (Figure 2d).

The final scoring system was applied in
the following manner: cases with a score <2
points were classified into the low-risk
group; cases with a score >6 points and
the hypointense T1 cases were classified
into the high-risk group; and cases with
scores between 3 and 5 were defined as a
critical-risk group that required an addi-
tional MRI examination. Under the final
scoring system, we achieved a sensitivity
of 81.0% and a specificity of 98.0%.

Discussion

Xpll.2 translocation RCC was first
reported in 1988 and formally described as
a distinct clinicopathologic entity in
2001.'%'7  Unlike the common RCCs,
which are more prevalent in male patients
and older people, Xpll.2 translocation
RCC tends to affect children and female
patients aged between 18 and 45 years,
which reduces the social labour force.'® It
is currently understood that Xpl1.2 trans-
location RCC has an aggressive behaviour

and an invasive course, and it is common
for patients to present at an advanced stage
with lymph node involvement.” However,
there is no consensus on a surgical strategy
for this type of renal tumour. Complete
resection appears to be the best option for
those who present with localised disease.
Given the tendency of even small tumours
(<7 cm) towards local invasion and metas-
tasis to regional lymph nodes, some
researchers have suggested that more
aggressive surgical resection, including lym-
phadenectomy, is warranted.™'? Our recent
multicentre study showed that surgical
margin positivity and pelvicalyceal, vascu-
lar, and region lymphatic involvement were
more likely to occur in Xpll.2 transloca-
tion RCC at the cT1b stage (p <0.05), and
that patients with c¢Tlb tumours who
underwent radical nephrectomy had more
favourable progression-free survival than
those who underwent partial nephrectomy
(p <0.05), which emphasises that partial
nephrectomy is not recommended for
cTlb tumours because of the increased
risk of postoperative recurrence and metas-
tasis.!” Therefore, the need for discrimina-
tive therapy for Xpl1.2 translocation RCC
increases the importance of predictive diag-
nosis before surgery.

The current study is the first to describe
a simple and non-invasive method to pre-
dict Xpl1.2 translocation RCC in adults.
Using epidemiological, symptomatological,
and imaging data, the scoring system
allowed us to obtain a preoperative diagno-
sis in an efficient and convenient manner,
but also guided the pathologists to perform
a differential diagnosis, which is a complex
process. Inexperienced pathologists often
misdiagnose Xpll.2 translocation RCC
because of its unusual morphology and its
similarity to other RCC types, such as clear
cell or papillary RCC.?

Scoring systems are widely used to assess
risk and provide guidance for the treatment
of other types of tumours. For instance, the
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Risk  Estimation for  Hepatocellular
Carcinoma in Chronic Hepatitis B model
(REACH-B model) is used to evaluate the
risk of hepatocellular carcinoma in patients
with chronic hepatitis B; the AUCs using
that model were 0.811 at 3 years, 0.796 at
5 years, and 0.769 at 10 years.?® Using the
Assessment of Different NEoplasias in
the adnexa (ADNEX) model to evaluate
the risk of ovarian cancer results in 96.5%
sensitivity and 71.3% specificity.>' Scoring
systems for identification of endometrial
cancer or atypical hyperplasia can likewise
provide a high diagnostic value.?
Concerning RCC, however, no scoring
system is yet available for any of the sub-
types. The discriminating features between
the common RCC subtypes that enable
easy diagnosis through routine imaging
might explain this.”> The median sensitivity
and specificity, respectively, were 88% and
75% for CT and 87.5% and 89% for MRI.
23 Moreover, the current surgical method is
established for clear cell RCC, but it can be
applied to non-clear cell cancer as well. The
rate of malignancy of clear cell RCC is
higher than that of the other common
RCCs except Xpll.2 translocation RCC,
but there is no evidence of increased recur-
rence rate with the current surgical meth-
ods. However, Xpl11.2 translocation RCC
has more aggressive clinicopathologic fea-
tures at diagnosis and a significantly
worse prognosis than the common
RCCs.** At initial diagnosis, Xp11.2 trans-
location RCC tends to present with stage
III/IV regional tumours, accompanied by
lymph node metastasis, and several patients
develop recurrent or hematogenous metas-
tases within 3 years of follow-up.””'°
Hence, the conventional surgical protocol
is not suitable for Xpll.2 translocation
RCC, and it is essential to identify the
type of RCC before surgery.

Since the first reported case of gene
arrangement 46,XY,t(X;1)(p11.2;q21.2) in a
2.4-year-old boy with renal adenocarcinoma

(Grawitz tumour), several paediatric Xpl1.2
translocation RCC cases have been reported
in recent decades.”> We noted previously
that Xpll.2 translocation RCC accounts
for 47% of paediatric cases of RCC, 15%
of RCC cases in adults between 15 and 45
years, and 1% to 1.6% of the entire popu-
lation with RCC.>> However, the actual
number of paediatric patients with RCCs is
much lower than the number of adult
patients with RCCs. Although paediatric
patients have a higher incidence of regional
lymph node positivity, they have a better
prognosis than adult patients.'® The high
incidence rate and favourable prognosis
have limited the predictive value of paediat-
ric Xp11.2 translocation RCC. To avoid any
bias resulting from the high number of pae-
diatric cases with Xpll.2 translocation
RCC, only adult patients were enrolled in
the current study.

Xpll.2 translocation RCCs mainly
affect paediatric and younger adults; the
age distribution of Xpll.2 translocation
RCC cases is bimodal, with a mean age of
17 years in the paediatric population®® and
37 years in the adult population.” When a
mixed cohort of paediatric and adult
patients was considered, the peak age of
onset was 20 to 29 years, and the average
age of onset was 40 years.”’ Generally, a
low onset age with a high degree of malig-
nancy inflicts harm to both affected families
and to society. Epidemiologically, the prev-
alence of Xpll.2 translocation RCC in
female patients is another important fea-
ture.” A meta-analysis by Cheng et al.*®
found that the number of female patients
of all ages was 3.93 times higher than the
number of male patients (95% CI: 1.66—
9.34), and the ratio was 5.13 (95% CI:
1.67-15.72) when children (aged <I4
years) were excluded. The present study
indicated a female-to-male ratio of 1.30.
Although Xpll translocation RCC was
found to be negative for the oestrogen
receptor, we are investigating whether
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oestrogen or oestrogen receptors play a role
in the progression of Xpl1.2 translocation
RCC, based on the high incidence in young
women; the role of such receptors in
common RCCs has been reported.” The
presence of two X chromosomes in females
compared with one X chromosome in males
explains the sex difference. Although
females have two X chromosomes, translo-
cations might only occur on the active X
chromosome and not on the inactive X
chromosome (Barr body). In addition, the
expression of genes located on the X chro-
mosome in females could be affected by
random inactivation,*® which may further
influence sex differences in the incidence
of Xpl1.2 translocation RCC.

The clinical presentation of Xpll.2
translocation RCC is different from that
of other renal tumours. Patients with
common RCCs are usually asymptomatic
at presentation and are incidentally diag-
nosed through abdominal imaging.
However, the typical symptoms of gross
haematuria, flank pain, or abdominal
mass are commonly present in Xpll.2
translocation RCC, especially in paediatric
and young adult patients. In our study, hae-
maturia was seen in 31.1% of cases with
Xpll1.2 translocation RCC compared with
15.9% of cases with common RCCs. In
some cases of Xpll.2 translocation RCC,
haematuria may be the only presentation;
it is a manifestation of the tumour invading
the renal pelvis and progressing to haemor-
rhage,’! which also indicates an advanced
degree of at least the T3 stage. Thus,
kidney masses with gross haematuria indi-
cate the probability of advanced Xpll.2
translocation RCC, and nephron-sparing
surgery should be considered in the treat-
ment of such tumours. Currently, a retro-
spective study focusing on the invasion rate
of the intrarenal collecting system of
Xpl1.2 translocation RCC is in progress.

Imaging techniques such as wurinary
ultrasound, CT, and MRI are routinely

applied in preoperative differential diagno-
ses. In a previous study, we reported the
sensitivity of CT imaging: 59.3% for high
attenuation on unenhanced CT density,
59.3% for the “less in and slow out”
enhancement pattern, and 33.3% for intra-
tumoural calcification. Moreover, the sensi-
tivity of MRI (hypointense on TI1) was
shown to be 50.0%. In comparison, our
scoring system, which combines imaging
with epidemiological and symptomatologi-
cal analysis, attained a sensitivity of 8§1.0%.
An MRI is not routinely performed in clinical
practice; in our scoring system, an MRI scan
is additionally required to reach a conclusion
only when the patient has a score from 3 to 5.
In such patients, T1-hypointensity is consid-
ered strong evidence for the presence of
Xpl1.2 translocation RCC.

This is the first study to propose a scor-
ing system with high sensitivity and high
specificity for Xpll.2 translocation RCC
in adults. By collecting epidemiology,
symptomatology, and imaging data, preop-
erative predictions can be made noninva-
sively. With a score >6 points, the G
Scoring System could identify 93.3% of
Xpll1.2 translocation RCC cases in adults.
Moreover, using a score of 3 to 5 points and
T1-hypointensity in MRI, the G Scoring
System could identify 75% of Xp11.2 trans-
location RCC cases in adults. Because this
system was established using a single-centre
retrospective study, our results might be
biased; further studies with more clinical
cases are required for verification and opti-
misation of the scoring system. Like other
scoring systems for tumours, our system
cannot replace pathological diagnosis, but
it can, at least, provide a preoperative pre-
diction for Xpll.2 translocation RCC in
adults. This improves our ability to consid-
er patients with Xp11.2 translocation RCC
as unique individuals when choosing initial
treatment methods and thus greatly
improves the overall treatment and progno-
sis for these patients.
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